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Bun d6 12 ba thai ciia qua trinh sin xuat nhém tir quang bauxit theo phuong phap Bayer. Do tinh kiém
cao va lugng bun thai lom, bun do la tac nhan gay 6 nhiém moi truong nghiém trong néu khong dugc quan
Iy tot. Bin do 1a hdn hop bao gom cic hop chit nhu oxit sit, mangan... va mot luwgng xit du do qua trinh
hoa tan va tach quing bauxit, diy la nhirng hop chat doc hai néu khéng dugre ‘quan ly va ap dung cac cong
nghé xir Iy phu hop. Hién nay, trén thé glm chua ¢6 quoc gia nao xir Iy trigt dé dwoc bun do, phuong phap
pho bién 1a chon lap bun do ¢ cac vung dat it ngum, ven bién dé tranh doc hai. Tuy nhién, do thanh phan
va tinh chét ciia quang bauxit khac nhau din dén thanh phin va tinh chit cia bun dé ciing khiac nhau.
Hlen nay, trén thé gioi da co nhiéu cong trinh nghién ciru dwa ra cac ky thuit va cong nghé nhim thu hoi
sit tir bun do va cac kim loai quy khac nhw gali, vanadi, titan, dat hlem...[l] Bai bdo nay tong quan cac

cdng ngh¢ thu hdi sit tir bun dé.

Tir khéa: biin do, du lwong bauxite, giam gidn tiép, phuc hoi sat, sat xop, tich tir.

Chi sé phan loai 1.4

Ham lmg cac kim loai trong bun ﬂﬁ Bang 2: cde dang ton tai cia cdc khodng vit chinh va phu trong bun do (2]
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Overview of the current techniques for iron
recovery from red mud

Summary

Bauxite 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 cdng nghé thu hoi sat tir bin dé

Dé thu hdi sit tir bun dé cé nhiéu k¥ thuat duge
nghién ciru va thir nghiém mg dung, nhur phuong phap
khtr bing cacbon rdn, hoan nguyén trong 166 quang,
tuyén tir, thuy luyén. Phuong phap thu héi sat tir bun
do dé san xuat gang va thép trong céng nghiép luyén
kim hira hen nhiéu tiém nang. Tuy nhién, khong gidng
nhu quang sat thong thuong, cac thanh phan tap ch‘éi
trong bun do nhu Al, S, P, Na, Ca, Mg, Si gop phan
ngan can qué trinh thu hoi sat, khi ham ]u’Qﬂg Al,\Si
cao s€ anh huong dén tinh luu dong cua xi, do kiém
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cao khong tuong thich vai vat liéu chiu ltra va tich tu
kiém [3].

Boi nhitng loi ich kinh té tir viée thu hdi sit tir
bun d6 nén cac két qua nghién ctru trong linh vuc nay
thudng duge phd bién trong céc bing sang ché. Cac
bing sang ché “thu hdi st tir bun do” trong giai doan
2009-2014 cho thiy, gin 47% bang sang ché xuét phat
tir Trung Quéc, noi ¢ nganh cong nghiép khai thac va
ché bién nhom phét trién va nhiéu mé bauxit lén [1].
Tuy nhién, do tinh phan tan clia quing bauxit va cic
khu cong nghiép ché bién va san xuit nhom nén céc
nghién ciru vé thu héi sit trong xir I bun dé ciing rét
da dang.

Mot s6 phuong phép dang dugc nghién ciru thur
nghiém dé thu hi sit tir bun do bao gdm: tuyén tir truc
tiép, hoa luyén, thuy luyén va mét sé ky thuat cong
nghé tiém nang khac.

Phuong phap tuyén tir truc riép

Phuong phap nay sir dung it niang lwong hon so véi
phuong phap hoa luyén. Nguyén tic cua phuong phap
la cho bun d6 ¢ dang huyén phu di qua thiét bi tuyén
tir co cuong do tir truong lén. Cac san pham cé tir tinh
duge tach ra khoéi huyén phu, sau d6 duogc sur dung
lam nguyén liéu ddu vao cho qud trinh san xuat gang
thép hodc lam pigmen cho san xuit gém su (hinh 1),
Thanh phan khong c6 tir tinh trong huyén pha bun do
duoc tach riéng dé ché tao vat liéu xdy dung hodc quay
nguoc lai chu trinh Bayer [3]. Tuy nhién, hiéu suat thu
hoi sit theo phuong phap nay kha thap.

Bun do

A

Tuyén tir

v \l«

Hinh I: so do quy trink tvén e tryee tiép thie hoi sdt tie bin do

Phuong phap tuyén tr truc tiép thu hdi cac san
phe"}m ¢ gia tri da duoc ap dung tai cdc nha may san
xudt alumin tai Tay Uc [4] va Trung Quée [5]. Bun do
([EIUC xu Iy trye tiép qua méy tuyén tir u6t co cuong
do tir truomg cao, cac san pham tach dugc tng dung
cho céc muc dich khac nhau nhu thu hoi st va san
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xuat vit ligu xdy dung... Li va cong su [5] da sir dung
thiét bi tuyén tir siéu din gradient dé tach céc hat bun
dé siéu min (<100 um) thanh hai phan doan c6 ham
lugng tong sét thap va tong sat cao. Trong nghlen clru
ctia Li va cong sur, hai miu bun do c6 chira tong sét lan
lugt 12 41,08 va 20,84% dugc cho qua thiét bi tuyén
tir siéu din gradient dé tuyén sit. Sau tuyén tir, thanh
phan tdng st tang 1én l4n luot 14 45,46 va 35,47%. Tuy
nhién, trong phan ba thai con chira lvong sét khé cao
sau 8 chu ky tuyén, lan Iuot 13 31,47 va 9,86%.

Nhimng nhugc diém cia phuong phép tuyén tir truc
tiép thu hoi sit tir bun d6 14 chi cho phép thu hdi khi
sat ton tai trong bun do & cac dang cd tir tinh. Ngoai ra
higu suét thu hdi khé thép (28-35%) [6]. Phuong phap
nay khong ap dung dugc véi cac miu bin do chira sit
¢ dang khong tir tinh, vi du nhw hematite (Fe,0,), dang
ton tai chi yéu cia sat trong bun do thai ra tir cic nha
may khai thac v san xuét alumin tai Téay Nguyén.

Phuong phdp héa luyén

DPay la mot trong nhitng phuong phap dugc nghién
ctru img dung nhiéu nhét. Bun d6 dwoc hoan nguyén
& trang thai rén, sau d6 tuyén tir dé thu hdi sét. Cac
dang oxit sit trong bun dé dugc hoan nguyén trong
16 hd quang, 10 cao, 16 dimg tang thép, 160 quay dé san
xuét gang [7]. Do anh hudng cia cac thanh phin khéac
c6 trong biin d6 dén qué trinh thu hdi sit nén cac quy
trinh c6ng nghé dugc phat trién dé thu hdi ddng thoi
cac thanh phan khac di kém nhu Al, Ti va cac kim loai
khac.

Co s¢ Iy thuyét qua trinh khir triec tiép cde dang
oxit sat su dung cacbon:

Qua trinh khir tric tiép cac dang oxit sit vé sit sir
dung cacbon xay ra theo cac phan ting sau:

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

Cac yéu t6 anh huong dén mirc d6 khir sit duoc
tuan theo phuong trinh sau:

t.= R’/[AKMc x exp(-E/R*T)[+r’p,
-R’/3-(1-R")**/2)/3D, 4)

Trong do: t la thoi glan khu oxnt st (s); R’: mirc 4
khur cua san pham fir oxit sét vé sit (%); E: nang lugng
hoat héa cia phan tng (Jmol 'K A: hing s§ phan
{mg; R% hing s khi hay hing s6 khi ly tuéng, 14 tich

x [172
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sb gilra hang sb Avogadro N, va hing sé Boltzmann
ky c6 gia tri 12 8,314 Jmol 'Kl T: nhiét d6 phan img
(K), K: hing sé cén bang cua phéan g khir sit; Mc:

ty 1€ cua cacbon (%); r’: ban kinh hat khi mirc do khir
laRrR’ (m); p,: ndng d6 oxy c6 chira trong oxit sit & mau
ban d4u (mol/m®); D_:hé¢ s6 khuyéch tan trong pha rén
(m?/s).

Tir phuong trinh (4) cho thay, cac yéu t6 anh hu'ong
dén mirc d6 khir oxit st vé sat kim loai 1 nhiét do
phéan mg, thoi gian phan ung va ty 1€ cacbon. Ngoai
ra, trong bun do con chira cac hop chét nhu AlLOQ,,
Si0,... Cac chat ndy ¢4 anh hudng tiéu cuc dén qua
trinh khir oxit sit vé sit kim loai. Theo nghién ciru cua
Mei, su anh hudng nay cé thé loai trir bang cach thém
céc chit phy gia CaCO, va MgCO..

Tom lai, cac yéu té anh huéng chinh dén hiéu qua
thu hdi sét 1a nhiét do phén Umg, thoi gian phan ting, ty
1€ cacbon va ty 1€ phu gia.

Ca 56 Iy thuyét qud trinh khir tryec tiép cdc dang
oxit sdt sir dung khi CO:

Quaé trinh khir st sir dung khi CO tr cac oxit sit
trong bun d6 xay ra theo cac phan tmg sau:

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

Gian d cén bang pha cua céc oxit sit trong qué
trinh khir bang CO dwoc thé hién & hinh 2.
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Hinh 2: gidn @6 cdn bdng pha ciia cdc oxit sét trong qua winh kit bang CO
Gian db pha hinh 2 cho thiy, qua trinh khir Fe,O,
bang khi CO trong viing nhiét d tir 400- 1400°C khl
ham lu'qng CO dudi 40% s€ hinh thanh chu yéu ¢ dang
oxit sét tir FeBO » qué trinh khr Fe, O, vé dang magnetit
cao nhét tai viing nhiét ¢ 650°C. Tuy nhién, trong bun
dd con nhiéu thanh phén tap chit nhu oxit nhém, oxit

silic..., cac chét nay c6 anh huéng tiéu cuc dén qua
trinh khir oxit sat, nén viéc hinh thanh cac hop chit
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mudi canxi silicat dé ting hiéu suat khir rit kho xay ra
& nhiét d6 thap, do vay qua trinh thiéu két bun do can
phai thyc hién & nhlet do trén 850°C va qua trinh khtr
phu thudc chu yeu vao nhiét do, thoi gian, thanh phan
khi CO va céc chét phu gia CaCO, va MgCO,.

L 4
Hoan nguyén

Tuyén tir
N

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

Quy trinh tong quat cua phuong phap ndy dugc
trinh bay trong hinh 3. Quy trinh nay st dung chét khur
(pha khi hodc pha rin), va ning luong dé nhiét luyén.
Céc chat khtr duoc lra chon bao gb6m bdt cacbon, than
antraxit, than coc hoic nguon thai chira cacbon nhu
mun cua, bd mia. Cac chét khir lva chon theo qué trinh
hoan nguyén truc tiép bao gom lignite, than antraxit,
than cdc va cacbon hoat tinh. Kha ndng phéan L’mg va
@6 tro ctia than c6 anh hudng 16n dén muc d6 va toe do
clia qué trinh hoan nguyén klm loai. Chét lwong than
Iy tuong duge xac dinh bao gbm: do tro thép, hoat tmh
cao, ty 1€ (F +V_)/(A+ W) lon (trong do F_la chi sb
cacbon cb dmh V ]a ham lugng chat bée, A la do tro,
W la ham luong khong chay) va c6 kha nang tao do
xop vira phai. Pé giam chi phi cta qué trinh thu hoi
st tir bun do thi viéc lya chon chat khir 13 cic chét

thai hitu co giau cacbon lam nguyén li€u cling Ia mot
huéng di hiéu qua dé giam gia thanh.

Phuong phéap hoan nguyén truc tiép bun do 12 mot
hu:cmg kha quan dé san xuét gang. Guo va cdng su
[8] tién hanh nghién ctu thu hoi sit bang phtrong
phap hoan nguyén truc tiép, bun dé dugc phbi tron
véi than va hoan nguyén tai nhiét do 1400°C trong 30
phuat. San pham thu dugc c6 ham lugng tong sit dat
96, 52"/) ham luong Si va Mn thap. Tuy nhién, sit 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 rng hé quang nhlet plasma dong
mot chiéu 35 kW) dé hoan nguyén sat trong bun do va
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san xuét gang. Theo nghién ctru nay, bun do6 dugc tron
v6i chit tro dung (10% dolomit + da voi) va graphit
(cacbon cd dinh, 99%) lam chat khu va tién hanh
thiéu két trong 15 phut. Hiéu suat thu hoi sat toi wu
dat 71%. Raspopov va cong su [10] nghién cuu hinh
thai hoc cua céc oxit sat trong mau bun do ldy tir nha
méy san xuét alumin Ural (UAZ, Kamensk - Ural’skii)
va nha may Alyum (Tul’chiya) cho thdy, bun do cera
hematit, lepidocrocite, goethite, va khoang vit sit -
aluminosilicat. Sau khi thiéu hoan nguyén voi lugng
cacbon du, trong khoang nhiét d¢ 1200-1500°C, cac
pha kim loai (gang) va xi tao thinh dé dang dugc
phan tich dam bao ham lugng C trong gang duc trong
khoang 2-2,3%.

Lién quan dén qua trinh thiéu hoan nguyén, cac
thong s6 anh hudng bao gém nguén cacbon, ty I¢
cacbon/bun do, nhi¢t d6 va thoi gian hoan nguyén, cac
diéu kién tuyén tir ciing anh huong dén hiéu suat thu
hoi sét sau khi hoan nguyén. Liuvacongsu(l 1] nghién
ctru sy anh huong cua cac yeu t6 nay dén qua trinh
thiéu két hoan nguyén truc tiép bun do bing cacbon.
Bun do duogc phéi trdn voi cacbon theo ty 1€ (cacbon/
bun do = 18/100) va cac chat phu gia 1a ddlémit véi
ty 1€ (d6lomit/bun dé = 18/100) sau do tao hinh trong
khuén ép. Cac mau dang banh duoc thiéu hoan nguyén
tai nhiét dd 1300°C trong 110 phut, sau d¢6 méau duge
nghién min va tuyén tir. Ba thai sau tuyén tir duge thir
nghiém 1am vat liéu xay dung. Ham luong tong st
trong phan san phém sau tuyén tir dat 88,77% voi ty
1& kim loai hoa dat 97,69% va hiéu sut thu hoi sat dat
81,40%. Ngoai viéc thu hoi sit, Liu va cong su [12]
con nghién ctru thiéu két bun do (kich ¢& <75 um) su
dung hon hgp xit va voi dé thu hdi ca nhom va sit, mau
bun do dugce phdi liéu véi ty 1é mol Ca/Si = 2, Na/Al
= 1, ham lugng than phdi tron 1a 0 ,5%, nhi¢t do thiéu
két 1a 1000°C trong 3h. Méu thiéu két sau dé duoc
nghlen d‘en c& hat <125 pm va ngam chiét trong nudc
de thu hoi nhém & dang mudi aluminat, tiép d6 tuyén
tir dé thu hoi sét. Thay vi str dung xat va véi, Zhu va
cong su [13] phéi liéu bun dé véi 1% chat két dinh va
8% natri cacbonat, sau d6 vé vién va hoan nguyén true
tiép vai than tai nhiét d6 1050°C trong 80 phut. Hi¢u
suat '[hL’l hoi sit dat 95,7% sau khi nghién san pham
thiéu két dén c& hat <74 pm va tuyén tir tai cwong do
tir truong 0,08 T. Trong mot nghién ctru khac cua Rao
va cong sy [14] str dung don phdi liéu natri sulfate 6%
va natri cacbonat 6% cho qué trinh thiéu hoan nguyén
bun d6 c6 ham luong téng sat 1a 48,23%, sin pham
tuyén tir sau thiéu hoan nguyén bun dé c6 ham lugng
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tong sit 90,12% (hiéu suét thu hoi dat 94,95%), diéu
kién thiéu hoan nguyén ti wu tai nhiét dd 1050°C, thoi
gian thiéu 60 phut, ty 1¢ ¢& hat 74 um qua sang 90%,
cuong do tir truomg 0,1 T. Trong mét nghién clru khac
ctia Li va cong su [15], vé nhiét dong hoc cua qua trinh
hoan nguyén cac thanh phan cé trong bun do (ALO,,
Fe,0,, Na,0, Ca0...) bing cacbon cho thdy qua trinh
hoan nguyén ferrite xay ra trong khoang nhiét dg tir
800-1075°C v hinh thanh céc hop chét natri aluminat
va canxi silicat. Sau khi nghlen min, ngam chiét dé thu
hdi nhom va 1am gidu bing tuyén tir (tir 48-240 mA),
hiéu suét thu hdi alumin dat 89,71% va 60,67%, hiéu
suat thu hoi sat dat 61,78% .

Nguoc v6i phan 16n cac nghién ciru déu tap trung
vao qua trinh thiéu hoan nguyén thu hoi sét trong bun
do, Samouhos va cong su [16] lai nghién ctru st dung
vi séng cho qua trinh thiéu. Quy trinh ndy bao gém
qua trinh hoan nguyen bun do su dung lignite véi ham
lugng cacbon ¢b dinh 30, 15%, tlep theo qua tuyen tur
udt thu hoi cac san pham st tir dé san xudt sat xop hoac
gang dtc. Luong chit khir va chiéu vi song déu anh
huorng dén mirc d6 hoan nguyén sit. Chu trinh chuyén
hoa sit tuan theo thir tu Fe,0, — Fe,0, — FeO — Fe,
thir ty nay dugc xdc nhén boi ket qua do nhiéu xa tia X
(XRD) va phan tich nhiét TGA/DTA. Tai cac diéu kién
t6i uu, ty 1¢ kim loai hoa cao hon so voi phuong phap
thiéu két hoan nguyén truyén thong.

Theo [17], VG Logomoerk va cong su da nghién
ctru st dung 3 tan bun do duge phéi liéu voi 2-3 tin
dd1omit va 0,5 tin than coc, sau d6 dong banh, vo vién
va thiéu hoan nguyén trong 10 hé quang tai 1800°C,
san pham thu dugc l1a 1 tAn gang va 3 tan xi. Theo
[17], quy trinh Giulini duoge phét trién boi Giulini
Ludwigshafen gom 2 budce dé str dung triét dé bun do.
Trong quy trinh nay, d6 4m cta bun do duoc giam tdi
40% trwde khi phéi tron voi dé voi va than. Mau sau
khi phm liéu duoc dua vao 1o quay dai 100 m, rong 1,8
m. Hon hop dugc lam kho va tao hat c6 duong kinh
2-15 mm va tién hoan nguyén 80% vé sat kim loai voi
nhiét d6 1a 1000°C. Qua trinh thao liéu dugce thiét ké
dic biét sao cho qué trinh hoan nguyén hoan toan xay
ra dé tach sat va xi. San pham thu duoc va ly ra khoi
10 quay, ding dé san xuit gang hodc thép. _Theo [17],
quy trinh “ELGAI Process” dugc phat trién baoi V.K.
Vhatkar dé thu hdi kim loai tir bun do, sir dung cée
thanh phan phéi liéu 1a bot soda va than cdc, quy trinh
khtr co ket hop sir dung thém khi du cua 16 cao de hoan
nguyén sit trong 1o quay. Than cde khir oxit sat trong
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16 quay tai nhiét d6 900°C, trong khi soda phan tmg
véi alumin dé tao thanh natri aluminat. Nhom duge
thu hoi & dang dung dich sau ngam chiét, sau do tuyén
tir va thu hoi sit. Tuy nhién, cong ngh¢ nay van hoan
nguyén cac dang sat oxit khong kiém soét, chii yéu
hoan nguyen sau vé dang sit kim loai, sau d6 tuyén tir
dé thu hoi bot sit.

Hién nay, trén thi truong co hé théng thiét bi 16
MAGMA dugc sir dung dé xir Iy bun do theo phuong
phéap hoa luyén. Chét khir hoan nguyén dugc sit dung
14 than. San phim cta qué trinh ndu luyén 13 gang va
xi. Gang dugc dua di dé san xuat thép. Xi 1a nguyén
liéu dé tai sinh alumin hodc clinker cho san xuét xi
mang alumin.

Khi sach

..-Than

_.- Khong khi, oxy

Clinker cho xi mang
- Alumin

Blc thoi

"% Tai sinh alumin

Hinh 4: so' d6 dong chdy trong qud trinh hoa luyén xir Iy bim do
cita thiét bi lo MAGMA

Ning lyc san xut ciia md hinh chudin MAGMA dé
xir 1y bin d6 khé dén bun do6 chira 15% am 1a 350000-
380000 tan/nam va c6 thé ning cdng sudt 1én dén 0,35
tan gang duc va 0,5 tin clinker xi mang alumin khi xtr
ly 1 tdn ban do. Tuy nhién, ning lwong tiéu thy khi
xir 1y 1 tan bun do 1én dén 200 kg than; 50 Nm?® khi tu
nhién, 100 Nm® oxy k¥ thuat.

Nhu vay, cac phuong phap truyen thong thiéu ket
hoan nguyén sat tir bun do co nhidu ru diém va can
duoc nghién ciru ky hon vé co ché phan tmg, t6i uu
hda cac diéu kién hoan nguyén dé nang cao hiéu suat
thu héi va ham lugng téng sat.

Phirong phap thuy luyén

Ngoai phuong phap hoa luyén thu hoi sit, phuong
phéap thuy luyén ciing dugc nghién ctru 4p dung nham
thu hdi sit tir bun do. Trong mot s0 nghién curu, axit
sulfuric dugc sir dung dé hoa tach sit tir bun do [18].
Hiéu sudt thu hoi dat 47% sau khi ngam chiét tai 100°C,
trong 24h va st dung axit sulfuric 8N véi ty 1& ran/long
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14 5/100. Khi thiéu tai 873K trudc khi ngam chiét bing
axit sulfuric 6M s& thu hdi dugc 97% sét tir bun do.
Yu va cac cong su [19] tién hanh xtr ly bun do vai axit
oxalic két hop chleu tia UV. Tong sat trong bun d6
(12,31%) giam xubng <0,7%. Sit duge hoa tan duéi
dang Fe(III) oxalat. Dung dich thu dwoc dugc xir 1y véi
birc xa UV dé tao két thia Fe(II) oxalat, hiéu suét chuyen
hoa dat >90%. San phim cin du duoc st dung dé ché
tao vét liéu chiu lira. Cengeloglu va cong su [20, 21]
nghlen ctru qua trinh thu hdi va lam giau Al, Fe Ti, Na
bang phuong phap thdm tach Donnan. C4c méu bun do
dugc hoa tan trong HCI trudc khi thu héi céc kim loai
sau khi loc qua mang trao dbi ion polysulfonate. Hidu
suét thu hdi Fe, Al, Na, Ti dat 14n Iuot 12 0,03-15,13%;
0,02-16,45%; 0,96-31,90%; 0,01-14,23%. Méc du da
co nhiéu cong trinh nghién ctru va mg dung thu héi
sat tir bun do theo phu:ong phap thay luyen nhung hiéu
suat thu hdi st thap va tiém an mot sd kho khan nhu
tdc d¢ phan Umg chdm, tao ra cac chét thai thir cap.

Cdc cong nghé tiém néng khéc

Mot sb cong nghé sinh hoc c6 the hoa tan mot
s kim loai dang duoc trng dung trién khal nhu cic
phuong phép thay thé co hleu qua kinh té va “sach” dé
thu hdi céac kim loai truyen théng [22]. Cac qua trinh
ngam chlet sinh hoc c6 thé hoa tan sat duoc nghién
clru sdu sic nham ap dung tach cac tap chit sat tir vat
liéu, thu hdi sat tir cac loai quing khé thuc h1en véi cac
phuong phap truyén théng va giai phong sat khoi cac
kim loai khac. P tan cua cac hop chét chira sit ting
1én nh& kha néang tao phirc axit hiru co cia cac axit
cacboxylic nhu oxalic, citric, malic, pyruv1c humic va
cc axit tannic sinh ra boi cac vi khuén, hodc do qua
trinh khir Fe(III) thanh Fe(II) bdi vi khuin trong qua
trinh ngdm chiét sinh hoc [23]. R4t nhiéu loai vi khuin
co kha nang sinh cac axit hitu co phu hop cho muc dich
tach sit tir pha khong tan, voi nhiéu loai thudc loai vi
khuén hiéu khi. Céc vi khuan ky khi ciing c6 thé sinh
cac axit hiru co nhd qua trinh 1€én men cac horp chét
hiru co, do vay cling c6 kha nang hoa tan sat. Hai co
ché hoa tan sit dugc xac dinh bao gom co ché dong
héa (hit sit vao trong té bao) va co ché di hoa (hoa tan
sét) [22]. Méc du cac qué trinh ngam chiét sinh hoc da
duoc nghién clru va trién khai tmg dung tach va thu
hoi sét tir cao lanh, silica, bauxit nhung chua cé nghlen
ciru nao ap dung cho viéc thu héi sat tir bun dé. Diéu
nay chu yéu do bun do c6 tinh kiém cao, khong thudn
loi cho su phat trién cua vi khuan. Tuy nhién, Laguna
va cong su [22] nghién ctru hoa tach sat tai cac pH>7

TAP CHI

NG gggs\/iét Nam

8(9) 9.2016

bang hén hop ciy vi khuén. Nghién ciru nay glup thac
day khé nang img dung qué trinh nhiéu budc nhim thu
hdi lam giau sét trong qué trinh ngém chiét sinh hoc
sau khi ngam chiét bing axit va giam pH bing céc chét
thai c6 tinh axit khac. M6t diém thudn lgi & phuong
phép nay 1a chi phi giam nh& thu héi duge céc kim
loai khéc va giam lugng chét thai. Tuy nhién, hién van
chwa ¢6 quy trinh ngam chiét sinh hoc nao dugc trién
khai trén quy mé6 thwong mai.

Cong nghé thu hoi sat tir bun do tai Viét Nam

Véi quy hoach phat trién bauxit & Tay Nguyén,
dur 4n alumin Nhéan Co cong suét 600.000 tén alumin/
nam sé& thai ra lugng bin do khd 1a 566.000 tan/nim,
dung dich bam theo bun do6 1a 610.000 tAn/nam, du an
alumin T4n Rai (alumin L4m Ddng) sé& thai ra lugng
bun d6 khé 12 636.720 tin/nim, dung dich bam theo
bun dé 1a 687.720 tn/nam. Hai Nha may alumin Nhéan
Co va Tén Rai c6 lugng bun do thai ra khoang 1,2-
1,3 triéu tin/nim. Ham lugng oxit sat (Fe,0,) trong
bun d6 kho cita Nha may alumin Lam Déng c6 gia tri
trung binh 13 51%, twong duong véi ham lugng téng
sét (T-Fe) 1a 35,7%. Do d6, bun do khd cua Nha may
alumin Lam Dong duogc coi la loai quéng sat nghéo, co
thé dinh huéng dé thu hdi sét va san xuét gang, thép.

Qac nghién ou'u vé viéc thu hdi sét tir bun dé dugc
nhiéu tic gid dé cap & trén tap trung chi yéu vio giai
doan hoan nguyén séu st oxit vé dang sét kim loai,
sau d6 nghién va tuyén tir thu hdi bét st. DE loai nhom
trong bt sat thu dugc tir bun do, ccac nghién ciu va
sang ché cong bd trude day chu yéu sir dung Na,CO,
trong qué trinh thiéu két, mot sb it cong trinh su' dung
do6lomit va voi dé loai nhém va tang hiéu suit hoan
nguyén sit. Tac nhén khir duoc sit dung trong céac sang
ché va céc nghién cu trudc day 1a cacbon. Mot so
nghién ciru nhr quy trinh “Elgai Process™ dugc phat
trién béi VK. Vhatkar cé két  hop sir dung thém khi du
ctia 16 cao dé hoan nguyen sét trong 10 quay, tuy nhién
cdng nghe nay van hoan nguyén cac dang sat ox1t
khéng kiém soat, chu yéu hoan nguyen sau vé dang sit
kim loai, sau d6 tuyen tir dé thu hoi bot sét.

Tém lai, cic nghién ciru va sang ché trudc day tap
trung vao cong nghé hoan nguyén siu cac dang sét oxit
trong buin d6 vé dang st kim loai va thu hdi & dang bot
sit. Céc cong nghé nay c6 nhugc diém 13 khong kiém
soat duoc qua trinh hoan nguyen va do hoan nguyén
sdu vé sht kim loai din dén tiéu ton ning lugng do
thinh phin tap chat trong ban do ciing tham gia vao



Khoa hec Tyrnhién

cac qua trinh phan {rng.

Mot sb sang ché cling dua ra cong nghé hoan
nguyén vé dang oxit st tir trong 16 quay. Tuy nhién,
dé dap img dugc 40 cimg cua vién trong 10 quay, cong
nghé nay phai b sung chét két dinh 1a bentonit, dén
dén lam tang ham leong nhom trong bun d6 ma muc
dich cua qua trinh nay 1a can loai bé nhom va céc tap
chét khac c6 trong bun dé, do d6 cong nghé nay can
phai bd sung mdt lugng 16n voi ciing nhu Na,CO, so
véi cong nghé chi sir dung chét két dinh 1 voi. Mat
khéc, de ting do cimg cla vién, cong nghé nay cén
phai siy khé va nung & nhiét do trén 500°C trude
khi hoan nguyén trong 10 quay, dan dén tiéu tén ning
lugng va khong hiéu qua kinh té trong qua trinh thyuc
hién. M6t s6 nhugc diém nira con ton tai trong 16 quay
1a hién tugng v hat dan dén tinh trang mau thiéu két
dinh vao thanh 16, gy tic 19, khién cho khéau lam vé
sinh 16 g@p kho khan, tham chi c6 thé phai ngimg hoat
dong 16, tiéu ton thém nang lugng khi phai sir dung dau
FO trong qué trinh diéu khién nhiét do cua 16, din dén
hiéu qua kinh té khéng cao.

Dé khic phyc nhimg nhuge diém trén, quy trinh
cong nghé thu héi sit cua V1¢n Han lam Khoa hoc va
Coéng nghé Viét Nam theo Bing doc quyen sang che s6
14156 “Quy trinh cong ngh¢ san xua} tinh quing sit va
sat x6p tir bun d6” [24] c6 nhitng diém m&i sau:

- Chi tién hanh hoan nguyén oxit sit Fe,O, trong bun
do6 vé dang oxit sat tir Fe,O, ma khong hoan nguyén
sdu vé dang sét kim loai.

- Trong qua trinh hoan nguyén, sir dung tac nhan
khtr bao gom khi CO c6 trong khi dur cua 10 cao va than

nhim kiém soat qua trinh hoan nguyén vé dang oxit sit
tir théng qua viéc danh gié ty 1€ mol Fe,O,/FeO.

- Quy trinh tao ciu st dung d616mit vay lam tam
céu khong nhitng dap img duoc yéu ciu vé thiu khi
trong giai doan thiéu két ma con tang hidu suat thu hoi
sat trong bun do.

- Viéc dung voi séng CaO khong nhimg lam chét
két dinh ma con dé loal b6 nhom trong giai doan tuyén
tr ¢6 hiéu qua kinh té hon so véi viéc dung Na,CO,
nhu cac tic gia trudc ddy da sir dung.

Quy trinh san xuét tinh quang sit tir bun do theo
phuong phap ctia Bang doc quyen sang ché s6 14156
bao gom cac budc:

1) Loai bé xat va dich bam theo bin d6 dé thu héi
bun do & dang khé va tai sir dung xut va dich bam theo
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bin do, trong d6 ngudn bun d6 thich hop dé sir dung 1a
ngudn bun do thai cia qua trinh ché bién quang bauxit
chira 46 dén 54% Fe,0,, 11-17% ALO, va 5-8% SiO,.

2) Nghién va phéi tron bun do kho thu dwogc véi
than cam, voi séng va d6l6mit vay, tinh theo trong
lugng bun dé kho nhu sau: than cam: 5-8%; voi séng:
10-12%; d616mit vay c6 kich thude 2-8 mm: 5-7%.

3) Tao ciu méu phéi liéu néu trén dé thu duge vién
c6 dic diém: kich c& 1-3 cm, tdm cau 1a hat d616mit
vay dé dam bao dat dwoc mic do théu khi cao trong
vién va qué trinh khir 1a ddng déu tir bé mat vién vao
trong va tir tim vién ra ngoai & budc thidu két.

4) Thiéu két vién thu dugc trén thiét bi thiéu két
dang bing tai bang cach sir dung khi du cua 16 cao
c¢6 ham lugng khi CO nam trong khoang 19-23% thé
tich tai nhiét 6 nim trong khoang 900- 1000°C trong
thoi gian 10-15 phut nhim khéng ché ty 18 mol Fe, o,/
FeO tir 0,85-1,15 de chi hoan nguyen oxit sit Fe O
c6 trong bun d6 vé& dang oxit sit tir Fe304, trong d(’)
viéc xac dinh ty 16 mol néu trén dugc tién hanh bang
cach nghién mau sau khi thiéu két, hoa tan trong axit
rdi phan tich ham luong FeO va Fe,O, bang phuong
phép chuin d6 oxy hoa khir, néu ty le mol Fe,0,/FeO
16n hon 1,15 th1 tang lugng than hodc ting thcn gian
thiéu két, con néu ty 1& mol Fe,0,/FeO nho hon 0,85
thi giam lugng than hodc giam th0'1 gian thiéu két.

5) Lam ngudi mau, nghién va tuyén tir uét qua hé
tuyén tir kép bao gdm 16 tir thir nhét sir dung nam cham
dat hiém c6 luc tir nim trong khoang 2600-3000 Gauss
va 16 tir thir hai sir dung nam chém ferit c6 lyc tir ndm
trong khoang 1000-1600 Gauss. Hai 16 tir ndy dugc
ghép ndi tiép nhau thong qua hai thung cép liéu va
dugc ghép dé phan bd Iuc tir trén 1/3 bé mit cua 16
tir va dugc quay véi tde d6 nam trong khodng 25-40
vong/phut, thu dugc tinh quang st c6 ham luong tbng
sat 16n hon 62% va ham lugng nhém du nho hon 2%.

Tinh quing st sau khi tuyén tir dugc phéi ligu véi
than, d616mit, tinh theo khdi lrgng tinh quing: than 15-
20%; dolémit 1-3% sir dung chat két dinh 12 bentonit
véi ty 1 0,1-0,5%. Sau d6 tao vién va sdy khd, quing
vién séy khé dugc nap vao 16 quay b%mg bang tai. Qua
trinh hoan nguyén dugc chia thanh 8 vung nhiét d
khéac nhau tir ddu 16 600°C, nhiét d§ hoan nguyén tir
1100-1200°C. Khi vién quing chuyén dong tir dau 1o
dén cubi 16 thi toan bd qué trinh hoan nguyén s& hoan
tat, lic nay vién quing da chuyén thanh sét x5p.
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Thu héi xit (5 kg/m’) . Dbt i
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Phéi thép

Sit xbp cung véi xi than sau khi lam ngudi duoc
chuyén qua méy tuyén tir kho dé loai bo xi than. Sét
x6p thanh pham duoc phdi liéu véi gang lanh theo ty
1 sit xbp/gang lanh 14 60/40 vé trong lugng, sau dé
duoc dua téi 16 dién hd quang EAF dé ndu chay thanh
thép long. Tiép do, thép 1ong duogc chuyén sang 10 tinh
luyén LF, tai day s& diéu chinh céc thanh phan cua thép
dé dat méc thép theo yéu cau. Sau khi thanh phdn va
nhiét d6 cua thép long dam bao s& dugc chuyén dén

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

Quy trinh cong nghé thu hoi sét theo Bfing doc
quyén sang ché s6 14156 da duoc ap dung san xudt thir
nghiém v6i quy mé 200 tan, cac két qua duoe trinh bay
trong cac bang 3-6 va hinh 6-7:

Bang 3. thanh pircifr bun do kho tai Nha may alumin Lam Do:ng

TT | Thanh phén héa hoc Pon vi Ham lwgng
I ALO, % 16,71
2 TiO, % 5,83
3 Fe,0, % 51,10
4 7 Na,0 % 532
5 _St(').. % 6,98
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Hinh 6: phé XRD ciia mdu bim do thé

Bang 4: thanh phan hod hoc ciia tinh quang sau tuyén tir

TT Thanh phin héa hoc Pon vi Ham lrong
1 Téng Fe % 62,1
2 AlLO, % 2,01
3 Na,0 % 1.3
4 Si0, % 5,6

2-Treta -
Bl = Boile SIEMENS 05200, X-Ray Lab., Hana| 28-Apr-2814 1286

g

]

Cpa

L MJLJUJ

a
€ “USERD&
16 m;1521: 'rmurn\oz P RM- g2-01H xcr
525 £ r

'I'L EIS E EEEd| WL 1 SHEEM TC Fucvel

2. 3ym L i

21 1 Fa8103 Far Sl Tie tugnr el e/

Hinh 7: phé XRD ciia médu bin do sau thiéu két vi tuyén ue

Bang 5: thanh phin hoa hoc cia mdu sit xop

T Thanh phén héa hoe Pon vi Ham lrgng
_L_ Téng Fe (T-Fe) % 90,0
‘2_ Sét kim loai (M-Fe) % 83,4
i_ Luu huynh (S) % <0,03
__4_ Phét pho (P) % <003
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Bang 6: thanh phan hod hoc ciia mdu phoi thép

TT | Thanh phin héa hoc Pon vj Ham lwgng
1 | Sit(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 | Péng (Cu) % 0,0765
12 | Nhém (Al) % 0,1366
Két luan

Bai béo di tdng hop va trinh bay cac giai phap cong
nghé va ky thuat da va dang dugc nghién clru, thuc
hién va trién khai dé thu héi sit tir bun do trén thé
gidi va tai Viét Nam. V& co ban cong nghé hoa luyén
duoc nghién ciru va sir dung phd bién, dic biét cong
nghé hoa luyén két hop sir dung téc nhéan khir Ia khi du
160 cao va hoan nguyén c6 kiém soat 1a cong nghé co
nhiéu vu viét hon so véi cac cong nghé khac ca vé moi
truong va kinh té.

Loi cam on

Tap thé tic gia xin chdn thanh cam on Vién Hoa
hoc, Vién Han lam Khoa hoc va Céng nghé Viét Nam,
C’hu'ng trinh Tdy Nguyén 3 (KHCN-TN3/11-15) da
tao diéu kién va hd tro kinh phi théng qua dé tai nghién
cuu TN3/T29.
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