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Abstract Bauxite residue (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 property 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 content of iron in red 
mud, the iron recovery from red mud has atuacted increasing research mterest. This paper 
presents a comprehensive overview of the current techniques applied for iron recovery 
from red mud. Noticeably, hydrometallurgy and pyrometalluiy have been investigated 
thoroughly. However, in this review other techniques are also infroduced. 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 Vietoam which 
resulted in a patent has been carefully covered. 
Key words: bauxite residue, red mud, iron recovery, magnetic separation, indirect 
reduction, sponge iron 

1. Gi61 thieu 
Bun do la ba thai ciia qua hinh san xuat nhom tu quang batixittheo phuong phap 

Bayer. Do tinh kiem cao va luong bun thai Ion, bun do la tac nhan gay 6 nhiem moi 
huong nghiem trpng neu khong duoc quan ly tot. Bun do la hon hcrp bao gom cac hgp 
chat nhu oxit sat, mangan, v.v. va rapt lupng xiit du do qua trinh hoa tan va tach quang 
bauxit, day la nhiing hpp chat doc hai neu khong dupe quan ly va ap dung cac cong 
nghe XXI ly phu hop. Hien nay, tren the gioi chua co quoc gia nao xir ly triet de dupe 
bun do, phuong phap pho bien van thuong lam la chon lap bun do a cac vimg dat it 
nguoi, ven bien de tranh doc hai. Tuy nhien, do thanh phan va tinh chat cua quang 
bauxit khac nhau din den thanh phSn va tinh chat ciia bun do ciing khac nhau. Thanh 
phan cac n ^ y e n to kim loai trong biin do ciing dao dpng Ion tiiy thupc vao thanh phan 
va tinh chat cua quang nhu ham luong sSt oxit (Fe203) 5,0 - 60%, ham lugng nhom 
oxit (AI2O3) du 4,4-20%, va ham lupng titan oxit (Ti02) va silic oxit (SiO^) dao dpng 
kha Ion tu ham lupng v^t cho den 25%. Tuy theo thanh phin va tmh ch4t cua bim do 
ma dua ra cac cong nghe phii hop de san xuat cac vSt lieu khac nhau. 

Truoc thuc ti, nguon quang sat tren toan chu dang khai thac can kiet, viec thu hoi 
sit tir bun do ngay cang thu hut su quan tam va nghien ciiu tren th8 gioi. Chinh vi vay, 
biin do dupe coi nhu mpt nguon tai nguyen co gia tri kinh te thay vi chi dcm thuan coi 
la chk thai cong nghiep. Biin do dupe xem nhu ngudn nguyen lieu thii cap nhSm thu 
hoi cac nguyen to kim loai co gia tri [1]. Hien nay, tren th6 gioi da c6 nhieu cac cong 
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trinh nghien cihi dua ra cac ky thuat va cong nghe nhjm thu hdi sit tu bun do v4 tk 
kim loai quy khac nhu gah, vanadi, titan, dat hiem...Bao cao nay t6ng quan cac cSng' 
nghe thu hdi sit tir biin do [2]. 

2. Ham Iirtmg cac kim loai trong bun 36 
Cac kim loai trong bun do thuong ton tai a cac pha khoang phiic tap nhu hematit, 

boehmit, sodalit, aluminosilicat, thach anh, perovskit, goefliite, cancrinite nen viec ih 
hdi kim loai noi chung hay sit noi rieng tit bun do gap nhieu trd ngai. Ngoai ra biiii a 
CO kich ±u6c hat min, co tinh kiem cao iien ciing gay ra kho khan cho qua trinh thi 
hdi kim loai. Trong bun do, ham luong sat va cac nguyen to di kem thay doi rit 16ii 
phu thuoc vao loai quang bauxit va cong nghe che bien alumin duac ap dung. Mac du 
CO tren 3(K) loai khoang vat chila sit nhung chi nhung loai sau co loi cho viec thu li6i 
sit va san xuit gang thep: magnetite (Fe304), hematite (Fe203), goethite (FeO(OH)), 
siderite (FeCOj), pyrite (TeSi) [2]. 

Bdng 1. Thdnh phan hod hoc cua cdc nguyen to chinh vdphu trong bun do 

Thanh phan chinh 

Fe 
Al 
Si 
Na 
Ca 
Ti 

Ham lirgng (Vo) 

4,52 - 50,6 
4 ,42-16,06 
2 ,16-14,86 
0 ,98-7 ,79 
0,39-16,72 
0 ,98-5 ,34 

Th^nh phan phu 

U 
Ga 
V 
Zr 
Sc 
Cr 
Mn 
Y 
Ni 
Zn 

Lantanit 
Th 

Ham lirgng 
(mg/ks) 
5 0 - 6 0 
6 0 - 8 0 

730 
1230 
54 

497 
85 
68 
31 
20 

0 , 1 % - 1 % 
2 0 - 3 0 

Bang 2. Cdc dang ton tai cua cdc khoang vdt chinh vdphu trong biin do [3] 

.Nguyen to 
Fe 

Al 

Ti 

Dang ton tai 
Hematite 
Goethite 

Magnetite 
Illmenite 

Ferryhydrite 
Gibbsite 

Boehmite 
Diaspore 
Anatase 
Rutile 

Perovskite 

Cong thirc hoa hoc 
a-Fe203 

a-FeOOH 
Fe,04 

FeOHTiO, 
FejOj^O.SftO 
o-AKOjCSHjO 
a-Al ,0 - , ;2H,0 
P-ALOVH^O 

TiO^ 
TiO~ 

CaTiO-, 
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Si 

Dat hiem 

Ilhnenite 

Kaolinite 
SiUiinanite 
Halloysite 
Sodalite 

Cancrinite 
Monazite 
Xenotime 

Synchysite-(Ce) 

FeODTiO, 
SiOj 

Al2Si205(OH)4 
AhSiOs 

Al2SiO5(0H)4 
Nas(Al6Si6024)Cl2 

NaeCa2[(C03)2iAl<Si6024] D2H2O 
(Ce, La, Pr, Nd, Th, Y)P04 

YPO4 
CaCe(C03)2F 

3. Cac c6ng nghe thu hM sk tir bun do 
De thu hoi sat tu bun do co nhiSu ky thu^t dupe nghien cuu va thu nghiem ung 

d^ng nhu phuong phap khu bang cacbon ran, hoan n^yentrong 16 ho quang va tuyen 
tu, phuong phap thuy luyen. Phuong phap thu h6i sattu bun do de san xuat gang va 
thep trong cong nghifp luyen kim hita hen nhiiu tiSm nang. Tuy nhien, khong giong 
nhu quang sat thong thuong, cac thanh phSn tap chSt trong biin do nhu Al, S, P, Na, 
Ca, Mg, Si gop phan ngan can qua trinh thu hdi sSt, khi ham lugng nhom, silic cao se 
anh huong den tinh lim dpng ciia xi, dp kiem cao khong tuong thich vdi vat lieu chiu 
lua va tich tu kiem [4]. 

Boi nhiing Ipi ich kinh te tu viec thu hfii sit tir bun do nen cac ket qua nghien ciiu 
trong ITnh vuc nay thuong dupe pho bien trong cac bang sang che. Cac bang sang che 
"thu hoi sat tii biin do" trong giai doan 2009 va 2014 cho thiy g§in 47% bang sang che 
xuat phat tu Trung Quoc, ncri co nganh cong nghiep khai thac va che bien nhom phat 
trien va nhieu mo bauxit Ion [2]. Tuy nhien, do tinh phan tan ciia quang bauxit va cac 
khu cong nghiep che bien va san xuat nhom nen cac nghien cuu ve thu hoi sat trong xu 
ly biin do ciing rat da dang. 

Mpt s6 ky thuat dang dupe nghien cuu thu nghiem de thu hoi sat tu bun do dupe 
bao g6m: phuong phap tuyen tii true tiep, phucmg phap hoa luyen, phuong phap thuy 
luyen va mpt so ky thuat cong nghe tiem nang khac. 

3.1. PhiroTig phap tuySn tir trtrc tiep thu hhi sat tir biin do 
Thu h6i sat tu bun do bSng phuong phap tuyen tir true tiip su dung it nang lupng 

hon so vdi phuong phap hoa luyen. 
Nguyen tic ciia phuong phap nay la cho bun do a dang huyen phu di qua thiet bi 

tuyin tu CO cuong dp tii truong Ion. Cac san pham co tu tinh dupe tach ra khoi huyen 
phu, sau do dupe su di^g lam npiuyen lieu dau vao cho qua trinh san xuat gang thep 
hoac lam pigmen cho san xuat gom su. Thanh phan khong c6 tu tinh trong huyen phu 
biin do dupe tach rieng de chS tao vat lieu xay dung hoac quay ngupc lai chu trinh 
Bayer [4]. Tuy nhien hieu suat thu hoi sit theo phuong phap nay kha thap. Hmh 1 trinh 
bay so d6 mo ta qua trinh tuyen tir true tiep thu hoi sat tu biin do. 

Phuong phap tuyen tir ttyc tiep thu hoi cac san pham c6 pia tri da dupe ap dung tai 
cac nha may san xu4t alumin tai Tay tie [5] va Trung Quoc [6]. Biin do dupe xu ly 
true tiip qua may tuyen tii uot cocuong dp tir truong cao, cdc sam pham tach dupe 
ling dyng cho cac muc dich khac nhau nhu thu hoi sat va san xuat vat lieu xay 
dung.. .Li va cong su [6] da sii dung thiet bi tuyen tii sieu dan gradient de tach cac hat 
biin do sieu min (<100 fim) thanh hai phan doan co ham lupng tong sat thap va tong 
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sit cao.Trong nghien ciiu ciia Li va cong sv [6], hai mau bun doco chiia tong^sit lln 
lupt la 41,08% va 20,84% duoc cho qua tbik bi tuySn tir sieu d&i gradient de tuyin 
sit. Sau tuyan tir, thanh phin t6ng sit tang len lin lucrt la 45,46% va 35,47%. Tuy 
nhien, trong phin ba thai con chiia lupng sit kha cao sau tam chu ky tuyen, Ian lugt la 
31,47% va 9,86%. 

J _ _ 
San pham 

Bim do 

it 

Tuyen tir 

\' 

i 
Ba 

Hinh 1. Sa do quy trinh tuyen tir trytc tiep thu hoi sat tu bim do 

Nhimg nhupc diim ciia phuong phap tuyen tir true tiep thu hoi sat tir biin do la chi 
cho phep thu h6i khi sit t6n tai trong bun do a cac dang co tir tmh. Ngoai ra hieu suat 
thu hdi kha thip (28 - 35%) [7]. Phuong phap nay khong ap dung dugc voi cac mau 
bun do chua sit o dang khong tir tinh, vi du nhu hematite (Fe203), d^g ton tai chu yeu 
cua sat trong biin do thai ra tir cac nha may khai thac va san xuSt alumin t̂ i lay 
Nguyen. 

3.2. Phucmg phap hoa luyen thu hoi sat ttr bijn do 
Phuong phap hoa luyen thu hoi sat tir bun do la mpt trong nhiing phuong phap duoc 

nghien ciiu ling dung nhieu nhat. Bim do dupe hoan nguyen a trang thai ran, sau do 
tuyen tir de thu hoi sat. Cac dang oxit sit trong bim do dugc hoan nguySn trong 16 ho 
quang, 16 cao, 16 diing ting thip, 16 quay dl san xuit gang [8]. Do anh huong ciia cac 
thanh phan khac co trong biin do den qua trinh thu h6i sit nen cac quy trinh cong ngh? 
dupe phat trien dl thu hoi dong thoi cac thanh phin khac di kem nhu Al, Ti v^ cac kim 
loai khac. 

3.2.1. Cff sff ly thuylt qua trinh khu tryc tiip cac dang oxit s^t sfr dung cacbon 
Qua trinh khii true tiep cac dang oxit sit vl sit sii dung cacbon xay ra theo cac phan 

img sau: 
FejOs+SC ->2Fe-H3COt [1] 
Fe304 +4 C -» 3 Fe + 4C0t [2] 
FeO + C ^ Fe + COt [3] 

Cac yeu to anh huong din miic dp khii sit dugc tuan theo phuong trinh sau: 
tR=RV[AKMc X exp(-E/R''T)]+r'oPox[l/2-R'/3-(l-R')^'V2]/3D, [4] 
Trong do: 
tR: Thai gian khir oxit sit (s) 
R': Mire dp khir cua san phim hi oxit sit vl sit (%) 
E: Nang lupng hoat hoa ciia phan img (Jmol'̂ K"') 
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A: Hang so phan ling 
R°: Hing s6 khi hay hing s6 khi li tuong, la tich s6 giua hang so Avogadro 

NA va hing s6 BoltzmannAjco gia tri la 8,314 Jmor'K'' 
T: Nhiet dp phan ling (K) 
K: Hang so can bing ciia phan ling khu sat 
Mc: Ty le cua cacbon (%) 
r'o: Ban kinh hat khi miic do khii la R'(m) 
Po: Nong do oxi c6 chiia trong oxit sat 6 mau ban dau (mol/m ) 
Del He so khuyech tan trong pha ran (mVs). , . , 

Tit phuomg trinh [4] cho thiy cac y6u t6 anh huong dSn miic do khii oxit sat ve sat 
kim loai la nhiet do phan ling, thai gian phan ilng va ty le cacbon. Ngoai ra trong bun 
do con chiia cac hiTp chit nhu AI2O3, Si02...Cac chit nay co anh huong tieu cue dSn 
qua trinh khii oxit sat vh sit kim loai. Theo nghien ciiu cua Mei, su anh huong nay co 
thi loai tru bang each them cac chit phu gia CaCOs va MgC03. 

Tom lai, cac yiu t6 anh huong chinh din hieu qua thu h6i sat la nhiet dp phan ling, 
thai gian phan ling, ty le cacbon va ty le phu gia. 

3.2.2. Cor Sff ly thuyk qui trinh khu tru-c tiip cac dang oxit sat su dyng khi CO 
Qua trinh khvr sat sir dung khi CO til cac oxit sit trong bun do xay ra theo cac phan 

ling sau: 
3Fe203 +CO ->2Fe304 + CG2t [5] 
ft,0, +CO ^ 3 F e O +CO2T [6] 
FeO +C0 ^ F e +C02t [7] 

Gian d6 can bing pha cua cac oxit sit trong qua trmh khu bing CO dupe the hien a 
sa do sau: 

Temperature °F 

600 100 0 IMO 19Q0 

200 AOO 600 600 1000 IZOO lAUU lOLiu 
Temperature °C 

Hinh 2. Cidn do can bdng pha cua cdc oxit sat trong qud trinh khu bdng CO 
Trong gian d6 pha Hinh 2 cho thiy, qua trinh khii Fe203 bing khi CO trong vung 

nhi?t dp tit 400 den 1400°C, khi ham lupng CO dual 40% se hinh Ihanh chu yeu a 
dang oxit sit tit Fe304, qua trtnh khii Fe263 vi dang magnetit cao nhit tai vimg nhiet 
dd 650°C. Tuy nhien trong bim do con nhiiu thanh phin tap chat nhu oxit nhom, oxit 
silic .cac chit nay co anh huong tieu cue din qua trinh khir oxit sat, nen viec hinh 
thanh cac hpp chit muii canxi silicat di tang hieu suit khir rit kho xay ra a nhiet dp 
thip do vay qua trinh thieu kit biin do cin phai thuc hien o nhiet dp tren 850°C va qua 

437 



TtSu ban: Khoa hoc Vat lieu 

trinh khu phu thuoc chu yiu vao nhiet dp, thai gian, thmh phin khi CO va cac c 
phugiaCaCO3vaMgC03. 

Bim do Chat khu 

Hoan nguyen 

Xi Tuyen tir 

Hinh 3. Sado quy trinh hod luyen thu hoi sat tir bim dd 

Quy trinh ting quat ciia phuang phap nay duac trinh bay trong Hinh. 3. Quy trinh 
nay sii dyng chit Idiir, pha khi hoac pha ran, va nang lupng de nhiet luy?n. Cac chat j 
khii dupe lua chpn bao gom bpt cacbon, than antraxit, than coc hoac nguon thai chiia 
cacbon nhu mim cua, ba mia. Cac chat khir lira chon theo qua trinh hoan nguyen tr\tc 
tiep bao gom Hgnite, than antraxit, than coc va cacbon hoat tinh. Kha nang phan img , 
va dp tro ciia than co anh huong Ian den mire dp va toe dp cua qua trinh hoan nguyen 
kim loai. Chat lupng than ly tuong dupe xac dinh bao gim: dp tro thap, hoat tinh cao, 
ti le (Fc + V J : (A + W) Ion (trong do F̂  la chi s6 cacbon c6 dinh, V„ la ham lucmg 
chat hoc, A la dp tro, W la ham luang khong chay) va co kha nang tao dp xop vira 
phai. De giam chi phi ciia qua trinh thu hii sit tit bim do thi viec lira chpn chat khii la 
cac chat thai hiiu co giau cacbon lam nguyen lieu ciing la mpt huong di hieu qua de 
giam gia thanh. 

Phuang phap hoan nguyen Urc tiip bun do la mot huong kha quan di san xuat 
gang. Quo va cpng su [9] tiin hanh nghien ciiu thu hoi sit bing phuang phap hoan 
nguyen true tiep, bim do dugc phii trpn voi than va hoan nguyen tai nhijt dp 1400°C 
Uong 30 phiit. San phim thu duac co ham lupng ting sit dat 96,52%, ham lupng Si vi 
Mn thap. Tuy nhien, sit vin contin tai trong xi 6 dang Fe2Si04 chua hoan nguyen. 
Jayasankar va cpng su [10] ap dyng cong nghe nhiet plasma (buing phan ling ho 
quang nhiet plasma dong mpt chieu 35 kW) di hoan nguyen sit trong biin do va san 
xuat gang. Theo nghien ciiu nay, bim do duoc trpn vai chat tra dung (10% dolomit va 
da voi) va graphit (cacbon c6 dinh, 99%) lam chit khu va tiin hanh thieu kit trong 15 
phut. Hieu suat thu hoi sit tii uu dat 71%. Raspopov va cpng su [11] nghien ciiu hinh 
thai hpc ciia cac oxit sit Uong mau bim do liy tir nha may san xuit alumin Ural (UAZ, 
Kamensk - Ural'skii) va nha may Alyum (Tul'chiya) cho thiy biin do chira hematit, 
lepidocrocite, goethite, va ichoang vat sit aluminosilicat. Sau khi thieu hoan 
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nguyenvoi lugng cacbon du, ti-ong khoang nhiet dp 1200 - 1500°C, cac pha kim loai 
(g^^g) va xi tao thanh dl dang duac phan tach dam bao ham luong C trong gang diic 
trong khoang 2,0% toi 2,3%. 

Lien quan den qua hinh thieu hoan nguyen, cac thong so anh huong bao gom nguon 
cacbon, ti le cacbon:bun do, nhiet dp va thcri gian hoan nguyen, cac dieu kien tuy^n tir 
ciing anh huong din hieu suit tiiu h6i sit sau khi hoan nguyen. Liu va cpng sy [12] 
n ^ e n cuu sir anh huong cua cac ylu t6 nay den qua trinh thieu ket hoan nguyen true 
tiep biin do bang cacbon. Bim do dugc ph6i trpn voi cacbon theo ti le (cacbon:bun d6 
= 18:100) va cac chit phu gia la dolomit vai ty le (dolomitrbiin d6 = 18:100) sau d6 
tao hinh trong khuon ep. Cac miu dang hanh dupe thieu hoan nguyen tai nhiet dp 
]300°C trong 110 phut,sau do miu dupe nghiin min va tuyin tir. Ba thai sau myen tir 
dupe thii nghi?m lam vat lieu xay dung. Ham lugng tong sat trong phan san pham sau 
myen tii dat 88,77% voi ti le kun loai hoa dat 97,69% va hieu suit tiiu hoi sit dat 
81,40%. Ngoai viec thu hoi sit, Liu va cpng su [13] c6n nghien ciiu thieu kit bun do 
(kich ca <75 \im) sit dung h6n hpp xut va voi de thu hoi ca nhom va sat, mau bim do 
dupe ph6i lieuvoi ti le moi Ca:Si = 2, Na:Al = 1, ham lugng tiian ph6i ti-pn la 0,5%, 
nhiet dp tiiieu kit la iqOO°C ti-ong 3h. Miu thieu kit sau do duoc nghiin din co hat 
<125 \im ya ngam chiet trong nuac de thu hoi nhom a dang muoi aluminat, sau do 
tuyen tir de thu hoi sat [13]. Thay vi sii dung xut va voi, Zhu va cpng sir [14] ph6i lieu 
biin do voi 1% chat ket dinh va 8% natri cacbonat, sau do ve vien va hoan nguyen true 
tiip vcri than t^i nhiet dplO50°C ti-ong 80 phiit. Hieu suit tiiu h6i sit dat 95,7% sau khi 
nghien san pham thieu ket den ca hat<74 ^m va tuyen tir tai cuong dp tir truong 0,08 
T. Trong mpt nghien ciiu khac cua Rao va cpng su [15] sir dung dan phoi lieu natri 
sulfate 6% va natri cacbonat 6% cho qua trinh thieu hoan nguyen bun do co ham lugng 
tong sat la 48,23%, san pham tuyen tir sau thieu hoan nguyen bim do co ham lugng 
tong sat 90,12% (hieu suat thu hoi dat 94,95%), dieu kien thieu hoan nguyentoi uu tai 
nhiet dp 1050°C, th6i gian thieu 60 phiit, ti le co hat 74 jim qua sang 90%, cuong do 
tir truong 0,1 T. Trong mgt nghien eiiu khac ciia Li va cpng su [16], ve nhi§t dpng hpc 
cua qua trinh hoan nguyen cac thanh phan c6 trong bim d6 (AI2O3, FeiOs, Na20, 
CaO,...) bang cacbon cho thay qua trinh hoan nguyen ferritexay ra trong khoang nhiet 
dp tir 800 - 1075°Cva hinh thanh cac hgp chat natri aluminat va canxi silicat. Sau khi 
nghien min ngam chiet de thu hoi nhom va lam giau bang tuyen hi, hieu suat thu hoi 
alumin dat 89,71% va 60,67%, hieu suit tim h6i sit dat 61,78% . 

Ngupc vai phin Ian cac nghien ciiu deu tap trung vao qua trinh thieu hoan nguyen 
thu hoi sit tiong bim do, Samouhos va cpng su [17] lai nghien ciiu sir dung vi songcho 
qua trinh thieu . Quy trinh nay bao gom qua trinh hoan nguyen biin d6 su dung lignite 
voi ham lugng cacbon co dinh 30,15%, tiep theo qua tuyen tir uot thu hoi cac san 
phim sit tir de san xaat sat xop hoac gang diic. Lugng chat khir va chieu vi song deu 
anh huoTig den miic dp hoan nguyen sat. Chu trinh chuyen hoa sat tuan theo thii tu 
FczO:! —* Fe304 —* FeO —> Fe, thii tu nay, dupe xac nhan boi ket qua do nhieu xa tia X 
(XRD) va phan tich nhiet TGA/DTA. Tai cac dieu kien toi im ti le kim loai hoa cao 
hon so voi phuang phap thi8u ket hoan nguyen truyen thong. 

V. G. Logomoerk va cac cpng su [18] da nghien ciiu su dung 3 tan biin d6 dupe 
ph6i lieu voi 2-3 tan dolomit va 0,5 tan than coc, sau do d6ng barih, vo vien va thieu 
hoan nguyen trong 16 ho quang tai 1800°C, san pham thu dupe 1 tin gang va 3 tan xi. 
Quy trinh Giulini dugc phat trien bai Giulini Ludwigshafen [18] gdm 2 buoc de sii 
dyne triet de bim do. Trong quy trinh nay, dp am cua biin do dugc giam tai 40% truac 
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khi phii upn voi da voi va than. Mau sau khi phoi lipu dupe dua vao 16 quay dai 100 
m, rpng 1,8 m. H6n hop duac lam kho va tao hat co duang kinh 2 - 15 mm va tiin 
hoan nguyen 80% vi sat kim loai vai nhiet dp la lOOO'C. Qua tiinh thao lieu dugc 
thiit ki dac biet sao cho qua trinh hoan nguyen hoan toan xay ra de tach sit va xi. San 
phim thu dupe va liy ra khoi 16 quay, dimg de san xuat gang hoac thep.Quy trinb 
"ELGAI Process" dupe phat fi-iin boi V.K.Vhatkar di thu hii kim loai tit bim do, sii 
dung cac thanh phin phoi lieu la hot soda va than coc, quy trinh khii c6 kit hpp sii 
dung them khi du cua 16 cao di hoan nguyen sat ti-ong 16 quay [18], Than cic khii oxit 
sit trong 16 quay tai nhiet dp 900°C trong khi soda phan ting voi alumin di tao thanli 
natti aluminat. Nhom duac thu hii a dang dung dich sau ngam chiet, sau do tuyin tii 
va thu hii sit.Tuy nhien cong nghe nay van hoan nguyen cac dang sit oxit khong kiini 
soat, chii yeu hoan nguyen sau ve dang sat kim loai sau do tuyen tir de thu hoi bpt sk 

Hien nay, tien thi tru6ng c6 he thong thiet bi 16 MAGMA da dupe su dung di joily 
bim d6 theo phuang phap h6a luyen. Chat khii hoan nguyen duoc sii dyng li than. San 
pham cua qua trinh nau luyen la gang va xi.Gang duoc dua di de san xuat thep. Xi la 
nguyen lieu de tai sinh alumin hoac clinker cho san xuat xi mang alumin. 

^ clinker cho xi mSng 
V o l . •-*' Al u rriin 

' * T i i sinh alumin 

Hinh 4. Sa do ddng chdy trong qud trinh hod luyen xir ly biin do ciia thiet bi Id MA GMA 
Nang luc san xuat ciia mo hmh chuin MAGMA di xii ly bim do kho din bun do 

chua 15% am la 350.000 - 380.000 tin/nam vi co thi nang cong suit len din 0,35 tin 
gang due va 0,5 tan clinker xi mang alumm khi xu ly 1 tin biin do. 

Nang lupng neu fliu khi xvr ly 1 tin bim do: Than: len din 200 kg; Khi tir nhien: len 
den 50 Nm"; Oxy ky thuat: len din 100 Nm'. 

Nhu vay, cac phuang phap tiuyin thing thieu kit hoan nguyen sit tir bun do co 
nhieu uu diem va c&i dupe nghien cim ky han vi co chi phan img, tii uu h6a cac diiu 
kien hoan nguyen de nang cao hieu suat thu hii va ham luang ting sit. 

3 J . Phuong phap thuy luyen thu hii sSt tir biin flo • 
Ngoai phuong phap hoa luyen thu hii sit, phuang phap thiiy luyen cung dupe 

ngmen cuu ap dung nham thu hoi sat hi bun do. Trong mpt so nghien ciiu, axil sulfilrii: 
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^^?^ ^^. "̂̂ "S ̂ 1 hoa tach sit hi bim do [19]. Hieu suit tiiu hdi dat 47% sau khi ngam 
chiet tai 100°C, frong 24h va su dung axit sulfiuic 8 N vai ti le rin:16ng la 5:100. Khi 
thieu tai 873K truoc khi ngam chilt bing axit sulfuric 6 M se thu h6i dugc 97% sit tir 
biin do. Yu v^ cac cpng [20] s\? tiin hanh xu ly bun d6 vai axit oxalic ket hop vai 
chieu tia UV. T6ng sit ti-ong biin d6 (12,31%) giam xu6ng <0,7%. Sit dugc h6a tan 
duod dang Fe(ni) oxalat. Dung dich thu dupe dugc xu ly voibiic xa UV dl tao kit hia 
Fe(II) oxalat, hiSu suit ehuyin h6a dat >90%, San phim can du dugc sii dung dl chi 
tao va,t lieu chiu lua. Cengeloglu va cpng su [21, 22] nghien cuu qua trinh thu h6i va 
lam giau Al, Fe, Ti, Na bang phuang phap tham tach Donnan. Cac mau bun do dupe 
hoa tan trong HCl truoc khi thu hoi cac kim loai sau khi loc qua mang trao doi ion 
polysulfonate. Hieu suit tiiu hm Fe, Al, Na, Ti dat iln lugt'la 0,03 - 15,13%, 0,02 -
16,45%, 0,96 - 31,90%, 0,01 - 14,23%. Mac du da c6 nhiiu cac cong trinh nghien ciru 
va litig dyng thu hoi sit tii bun do theo phuang phap tiiiiy luyen nhimg hieu suit thu 
hoi sat thap va tilm in mpt s6 kh6 khan nhu t6c dp phan img cham, tao ra cac chit tiiai 
thu cap. 

3.4. Cac cong nghe tilm nang kh^c 
Mpt so c6ng nghe sinh hpc eo the hoa tan mpt so kim loai do d6 co dang dupe ling 

dung trien khai nhu cac phuong phap thay thi c6 hi?u qua kinh tl va "sach" de thu h6i 
cac kim loai truyen thong [23]. Cac qua trinh ngam chilt sinh hpc co the hoa tan sit 
duac nghien ciiu sau sac nham ap dung tach cac tap chat sat tir vat lieu, thu hoi sat tir 
cac lo^i quang kho thire hi?n vai cac phuang phap truyen thong va giai phong sit khoi 
cac kim loai khac. D6 tan cua cac hpp chat chiia sat tang len nha kha nang tao phiic 
axit hiiu ca ciia cac axit cacboxyUe nhu oxalic, citric, malic, pyruvic, humic va cac 
axit tannic sinh ra boi cic vi khuin, hoac do qua trinh khir Fe(in) thanh Fe(II) boi vi 
khuan trong qua trinh ngam chiet sinh hpc [24]. Rat nhieu loai vi khuan co kha nang 
sinh cac axit hiru ca phii hop cho muc dich tach sat tii pha khong tan, voi nhieu loai 
thuoc loai vi khuan hieu khi, Cac sinh vat ky khi ciing co the sinh cac axit hiiu co nho 
qua trinh len men cac hgp chat hiiu ca, do vay ciing co kha nang hoa tan sat. Hai ca 
che hoa tan sit dugc xac dinh bao gom: co che dong hoa (hiit sat vao trong te bao) va 
CO che di hoa (hoa tan sat) [23]. Mac du cac qua trinh ngam chiet sinh hpc da dugc 
nghien ciiu va trign khai img dung tach va thu hoi sat tir cao lanh, silica, bauxit nhung 
chua c6 nghien ciiu nao ap dung cho viec thu hoi sat tir bim do. Dieu nay chii yeu do 
biin d6 c6 tinh kilm cao (pH IOTI) khdng thuan Ipi cho su phat trien cua vi khuan. Tuy 
nhien, Laguna va cpng su [23] nghien ciiu h6a tach sat tai cac pH > 7 bing hon hgp 
cay vi khuin. Nghien ciiu nay giiip thuc day kha nang ling dung qua trinh nhieu buoc 
nhim thu hfii lam giau sat trong qua trinh ngam chiet sinh hpc sau khi ngam chiet bang 
axit va giam pH bing cac chat tiiai co tinh axit khac. Mpt diem thuan Igi 6 phuang 
phip nay la chi phi giam nha thu hoi dugc cac kim loai khac va giam lugng chat thai. 
Tuy nhien, hien vin chua co quy trinh ngam chiet sinh hpc nao dugc trien khai tren 
quy mo thuong mai. 

4. Cdng nghS thu hhi sit ttr biin do tai Vi|t Nam 
Voi quy hoach phat trien bauxit a Tay Nguyen, du an alumin Nhan Co cong suat 

600.000 tan alumin/nam se thai ra lupng bim do kho la 566.000 tin/nam, dung dich 
bam theo biin do la 610.000 tan/nam, dy an alumin Tan Rai (alumin Lam Dong) se 
thai ra lugng bun do kho la 636.720 tin/nam, dung dich bam theo biin do la 687.720 
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tin/nam. Hai nha may alumin Nhan Co va Tan Rai co lupng bim do tiiai ra khoang IJ 
- 1,3 trieu tin/nam. Ham lupng oxit sit (Fe203) ti-ong bim d6 kho cua nha inay alumin 
Lam Ding co gia tii tiTing binh la 51%, tirong duang vdi ham luong ting sit (T-Fe) la 
35,7%. Do do bun do kho cua nha may alumin Lam Dong dupe coi la loai qujng sjt 
ngiieo, c6 thi dinh huong di thu hii sit va san xuat gang, thep 

Cac nghien ciiu vi viec thu hoi sit tii biin d6 dirpc nhieu tac gia di c?p 6 tren 
tap tiling chii yiu vao giai doan hoan nguyen sau sat oxit ve dang sat kim loji, sau 
do nghiin va tuyin tir thu hii hot sat. De loai nhom trong bpt sat thu duac tir biin 
do, cac nghien ciiu va sang chi cong bi tiiroc day chii yiu sii dung Na2C03 ti-ong 
qua trinh thieu kit, mpt si it cong tiinh sir dung dolomit va voi de lo^i nhom va 
tang hieu hoan nguyen sit. Tac nhan khu dupe sii dung ti-ong cac sang chi va cac 
nghien ciiu truoc day la than va cacbon. Mot so nghien ciiu nhu quy trinh "Elgai 
Process" dupe phat triin boi V.K.Vhatkar co ket hpp su dung them khi du cua 16 
cap &k hoan nguyen sit tiong 16 quay, tuy nhien cong ngh? nay van hoan nguyen 
cac dang sit oxit khong kiim soat, chii yiu hoan nguyen sau ve dang sit kim loai 
sau do tuyen tir de thu hoi bpt sat. 

Tom lai, cac nghien cuu va sang che truac day tap tnmg vao cong ngh? hoan 
nguyen sau cac dang sit oxit tiong biin d6 ve dang sat kim loEii va thu hoi 6 dang b$t 
sit. Cac cong nghe nay co nhupc diem la khong kiem soat duoc qua trinh hoan n^yen 
va do hoan nguyen sau ve sat kim loai dan den tieu ton nang lupng do thanh phan t̂ p 
chat tiong bun d6 la rat nhieu ciing tham gia vao cac qua trinh phan ling. 

Mpt so sang che ciing dua ra cong nghe hoan nguyen ve dang oxit sat tir tiong 16 
quay. Tuy nhien, de dap img dupe dp cling cua vien trong 16 quay, cong ngh$ nay phii 
bi sung chit ket duih la bentonit dan den lam tang ham lupng nhom trong biin d6 mil 
muc dich cua qua trinh nay la can loai bo nhom va cac t^p chit khac co tiong biin do, 
do do cong nghe nay cin phai bi sung mot lupng Ion voi ciing nhu Na2C03 so v6i 
cong nghe chi sir dung chat ket dinh la voi. Mat khac, de tang dp ciing ciia vien, cong 
nghe nay can phai siy kho va nung a nhiet dp tien 500°C tiirpc khi hpan nguySn ttong 
16 quay din den tieu ton nang lupng va khong hieu qua kinh ti trong qua trinh thyc 
hien. Mpt sonhuac diem niia con tin tai trong 16 quay la hien tuong vo hat dan din 
tinh ttang miu thieu kit dinh yao thanh 16, gay tic 16, khiin cho khau lam ve sinh 16 
gap kho khan, tham chi co the phai ngimg hoat dpng 16, va tieu tin them nang lupng 
khi phai sir dung dau FO ttong qua trinh diiu khiin nhiet dp cua 16 din din hieu qua 
kinh te khong cao. 

De khac phuc nhiing nhupc diim tien, quy tiinh cong nghe thu hii sit ciia Vien 
Han lam Khoa hpc va Cong nghe Viet Nam theo bing doc quyin sang chi si 14156 
"Quy tiinh cong nghe san xuit tinh quang sit va sit xip tit bim do" [25] co nhiing 
diem moi va uu viet hon so vdi cac nghien cim va sang chi truoc day a cac diim sau: 

- Chi tien hanh hoan nguyen oxit sit Fe203 tiong bim do vi dang oxit sit til Fe304 
ma khong hoan nguyen sau vi dang sit kim loai. 

- Trong qua tiinh hoan nguyen, su dung tac nhan khu bao gim khi CO cd tiong khi 
du cua 16 cao va than nham kiem soat qua tiinh hoan nguyen vi dang oxit sit ta thong 
qua viec danh gia t>' le moi Fe203/FeO. 

_ - Quy trinh_tao cau su dung dolomit vay lam tam ciu khong nhung dap img dupe 
yeu cau ve than khi tiong giai doan thieu kit ma c6n tang hieu suit thu hii sit trong 
bim do. 
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Viec dimg voi song CaO khong nhung lam chat ket dinh ma con de loai bo nhom 
tiong giai doan tuyen tir co hieu qua kinh te hem so voi viec dung natricacbonat 
Na2C03 nhu cac tac gia truac day da sir dung. 

Quy trinh san xuit tinh quang sit tii bun do theo bang doc quyen sang chi 14156 
bao gom cac buac: 

i) Loai bo xiit va dich bam theo bun do dl thu hoi bun do 6 dang kho va tai sir dung 
xiit va dich bam theo bun do, trong do ngu6n bun do thich hpp de sir dung la ngu6n 
biin do thai ciia qua tiinh chi biin quang bauxit chiia 46 din 54% Fe203, chiia 11 din 
17% AI2O3, va chiia 5 din 8% Si02; 

ii) Nghien va phoi trpn bun do kho thu dupe vai than cam, voi song va dolomit vay, 
tinh theo trong lupng bun do kho: 

- Than cam: 5 din 8%; 

- Voi s6ng: 10 din 12%; va 

- Dolomit vay co kich thuoc nim trong khoang tii 2 din 8mm: 5 din 7%; 

iii) Tao cau mau phoi lieu neu tiSn de thu dupe vien co dac diem: kich co tir 1 den 3 
cm, tam cau la hat dolomit vay de dam bao dat dupe miic dp thau khi eao trong vien va 
qua trinh khir la dong deu tir be mat vien vao trong va tir tam vien ra ngoai o buoc 
thieu ket; 

iv) Thieu ket vien thu dugc tren thiet bi thieu ket dang bang tai bang each sii dung 
khi du cua 16 cao co ham lupng khi CO nam trong khoang tir 19 den 23% the tich tai 
nhiet dp nam trong khoang tir 900 den 1000°C trong thai gian tir 10 phut den 15 phiit 
nham khong che ty 1? moi FtiOifFeO nam trong khoang tir 0,85 den 1,15 de chi hoan 
nguyen oxit sat Fe203 c6 trong bim do ve dang oxit sat ttr Fe304, trong do viec xac 
dinh ty 1? moi neu tren dupe tiin hanh bang each nghien mau sau khi thieu ket, h6a tan 
trong axit roi tien hanh phan tich ham lugng FeO va Fe203 bang phuong phap chuan 
dp oxy h6a khu, niu ty le moi Fe2O3/Fe0 ion han 1,15 thi tang lugng than hoac tang 
thai gian thieu kit, con niu ty le moi Fe203/Fe0 nho han 0,85 thi giam lugng than 
hoac giam thai gian thieu ket; va 

v) Lam nguoi miu, nghien va tuyen tir uot qua he tuyen tir kep bao gom 16 tir thii 
nhat sir dung nam cham dat hiem c6 lire tir nam trong khoang tir 2600 den 3000 Gauss 
va 16 tir thii hai su dung nam cham ferit c6 luc tir nam trong khoang tir 1000 den 1600 
Gauss, hai 16 tir nay dupe ghep noi tiep nhau thong qua hai thimg cap lieu va dugc 
ghep dl phan b6 luc tir tren 1/3 bl mat cua 16 tir va dugc quay v6i toe dp nim trong 
khoang tii 25 din 40 v6ng/phiit, thu dugc tinh quang sat co ham lupng tong sat Ian 
han 62% va ham lupng nhom du nho han 2%. 

Tinh quang sit sau khi tuyen tir dugc ph6i lieu vai than, dolomit, tinh theo kh6i 
lugng tinh quang : than 15-20%>; va d616init tiil-3% sii dung chat ket dinh la bentonit 
vai ty 1? tu 0,1 den 0,5%. Sau do tao vien va siy kho, quang vien say kho duoc nap 
vao 16 quay bang bang tai. Qua trinh hoan nguyen dupe chia thanh 8 viing nhiet dp 
khac nhautii diul6 600° C, nhi?t dp hoan nguyen tir 1100 din 1200°C. Khi vien quang 
chuyin dpng tir dau 16 den cuoi 16 thi toan bp qua trinh hoan nguyen se hoan tat, liic 
nav \ien quang da chuyen tiianh sit xop. 

443 



Tiiu ban- Khoa hgc Vat li$u 

Thu hoi xiit (5kg/m )̂ 
va aluminat (1,8 

kg/m') qoay l?i chu 
trinh riia va hoa tach 

Than (14 tan) 

Biin do thai irdt 

t\ le longtrin (60:40) 

Loai bo xiit va d|ch bam 
— theo bun do bing cong 

nghe loc ep ap suSt cao 

Bun do kho 

200 tan 

Phii lifu 

Voi (24 tan) 

Dolomit (12 tan) 

Sat xop 

Thieu kit sir d^ng khi 
dnC016caof21%i 

Nghien mau va tuyen tir 

X 
Tinh quang sat (62,1%) (83 tan) 

Gan2 

Phoi thep 
Hinh 5. Sa do cong nghe thu hoi sat, sdn xuat thep tir bitn do 

Sat xop cimg vai xi than sau khi lam nguoi dugc chuyen qua may tuyen tir kho de 
loai bo xi than. Sat xop thanh pham dupe phoi lieu vcri gang lanh theo ty le sat xop: 
gang lanh la 60:40 ve trpng lupngsau do dupe dua tai 16 dien ho quang EAF de nau 
chay thanh thep long. Sau do thep 16ng dugc chuyin sang 16 tinh luyen LF, tai day se 
dieu chinh cac thanh phan ciia thep dl dat mac thep theo yeu ciu. Sau khi thanh phin 
va nhiet dp ciia thep 16ng dam bao se dupe chuyin din may diic lien tuc de diic ra phoi 
tiiep thanh pham. Va ket thuc qua trinh san xuit thep tir bun do. 

So d6 c6ng nghe san xuit thep tii biin do dupe dua ra 6 Hinh 5. 

Quy trinh c6ng nghe tiiu hoi sat theo bing doc quyIn sang chi so 14156 da dupe sp 
dung san xuat tiiii nghiem voi quy mo 200 tin, cac kit qua dugc trinh bay trong cac 
Bang 3 - 6 va Hinh 6 -7 : 
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Bdng 3. Thdnh phan bun do kho tai nha may Alumin Lam Dong 

XT 

2 

3 

4 

5 

6 

Thanh phin hoa hpc 

AI2O3 

Ti02 

Fe203 

Na20 

Si02 

Dffn \i 

% 
% 
% 
% 
% 

Ham lucmg 

16,71 

5,83 

51,10 

5.32 

6,98 

5ERrwTA .Mi-'KH'.HUN-SHO. P-W HUN^IQ 

Vii '• v.-.:7'«£^''Xr,:i.-".ii 
" j 0 i is'^iZi.' flTzo3 1 tesici: 

' CT C " c 

1:̂ ^ .̂.. 
BH f̂l =p; . 

SE D,e3Bds. UL 

n filumirti,- S i . 1 

i/f/i/t 6. PAo .XR£> cua mau bun do tho 

Bang 4. Thdnh phdn hod hQc cua tinh quang sau tuyen tir 

TT 

1 

2 

3 

4 

Thanh ph^n Hoa hoc 

Tong Fe 

AI2O3 

Na^O 

Si02 

Dffn\i 

% 
% 
% 
% 

Ham lugnng 

62,1 

2,01 

1,3 

5,6 
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Hinh 7. Pho XRD cua mau bun do sau thieu ket vd luyen tit 

Bdng 5. Thdnh phdn hod hoc cua mau sat xop 

TT 
1 
2 
3 
4 

TT 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

Thanh phan Hoa hoc 
Tong Fe (T-Fe) 
Sat kim loai (M-Fe) 
Luu huynh (S) 
Phot pho (P) 

Bdng 6. Thdnh phdn hod h 

Thanh phan Hoa hoc 
Sat (Fe) 
Cacbon (C) 
Silic (Si) 
Luu huynh (S) 
Phot pho (P) 
Mangan (Mn) 
Niken (Ni) 
Crom (Cr) 
Molipden (Mo) 
Vanadi (V) 
Bong (Cu) 
Nhom (Al) 

Don vi 

% 
% 
% 
% 

oc cua mau pho 

Dffn vi 

% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 

Ham lirong 
90,0 
83,4 

<0,03 
<0,03 

/ thep 

Ham lircrng 
98,7 

0,3334 
0,1734 

<0,0300 
<0,0300 
0,5713 
0,0561 
0,0620 
0,0278 
0,0009 
0,0765 
0,1366 
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Kit luan 
Bai bao da tong hpp va trmh bay cac giai phap cong nghe va ky thuat da va dang 

dupe nghien cihi, thuc hien va tiiln khai d l tiiu h6i sit tir biin d6 tren thi giai va tai 
Viet Nam. Ve co ban cong ngh? h6a luyen dupe nghien ciiu va sii dung pho bien, dac 
biet cong ngh$ hoa luy?n ki t hgp sii dung tac nhan khir la khi du 16 cao va hoan 
nguyen c6 kiem scat la cong nghe co uu viet va hieu qua kinh te hon so vai cac cong 
nghe khac. 

Loi cam on 

Xin chan thanh cam an Vien Hoa hpc, Vien Han lam Khoa hpc va Cong nghe Viet 
Nam, Chucmg trinh Tay Nguyen 3 (ma s6: KHCN-TN3/11-15) da tao diiu kien va 
cung cap kinh phi d l tiiuc hien d l tai nghien ciru (ma s6: TN3/T29) va tiiu tiaap cac kit 
qua nghien ciiu nay. 
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