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TOM TAT

Xi dong la san pham phu cua qué trinh hoa luyén quang dong, dé luyén duoc 1 tin dong kim loai phat sinh
khoang 2 dén 3 tan xi dong. Nam 2023, san lugng dong toan cau dat gan 22 triéu tin, nhu vay san luong xi dong
Ién toi gan 70 triu tan. Xi dong chira mot lugng dang ké Cu, Fe v6i ham lugng tham chi con cao hon trong cac
mé tu nhién. Ngoai ra, con chira cac kim loai khac nhu: Zn, Mg, Al, Ni, Co, Cr.... Do d6, xi ddng duoc coi 1a
ngudn tai nguyén thir cip quan trong, chira mot s6 lugng 16n cac kim loai ¢6 gid tri voi ham lwgng cao, can duoc
thu hdi. Bai béo nay tém tit su hinh thanh va dic diém cua xi ddng, trén co sé d6 cung cép thong tin vé céc
phuong phap dugc phat trién gan day dé thu hdi cac kim loai trong xi dong trén thé gigi va ¢ Viét Nam.

Tir khéa: Xi dong; hoa luyén; hoa tach, tuyén ndi

1. Pit vén dé

Hoa luyén 1a phuong phap chinh dé san xuit ddng kim loai va duoc phan thanh hai dang chinh 13 hoa luyén
ddng thong thuong (nau chay bang 10 cao, 10 phan xa, 10 dién) va hoa luyén dong hién dai (hoa luyén nhanh va
hoa luyén trong bé long). Céac giai doan cua phuong phép hoa luyén dong dién hinh gom cac budc chinh duoc
minh hoa trong Hinh 1.

Hinh 1. Quy trinh luyén dong dién hinh tir qudng dong

Quy trinh hoa luyén quiang dong c6 thé duoc chia thanh ba giai doan chinh: giai doan phan ly cua sunfua, giai
doan luyén sten va giai doan tach sten ddng ra khoi xi. Hiéu qua cta khau luyén sten dong va tach sten ddng - xi,
cling nhu muc d6 that thoat ddng trong xi chu yéu bi anh hudng boi: thé oxy héa/khir, ham lwong sten dong, nhiét
d6 niu chay, thanh phan xi va tinh chit cua xi. Png thuong bi that thoét vao xi & hai dang hoa 1y va co hoc. That
thoat ddng & dang hoa ly thuong xay ra dbi voi dong hoa tan, trong khi dang thit thoat co hoc bat ngudn tir sy
cudn co hoc caa ddng kim loai hoic sten ddng vao trong xi. Theo thong ké, phan I6n that thoat ddng vao xi 1a that
thoét co hoc. Tdn that ddng trong xi thudng dao dong tir 0,7 dén 5% trong lwong qua trinh niu chay sten dong.
Day 1a mot van dé nghiém trong khong thé tranh khoi trong cac quy trinh luyén dong.
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Xi dong chira mot s6 lugng 16n cac nguyén t6 c6 gia tri va la nguon tai nguyén thir cap quan trong. Viéc sir
dung chat thai ben viing, bao gom tai ché, tan thu cac kim loai cd ich trong xi dong la lya chon hang dau vi nhitng
lgi ich kinh té va moi trurong ma ndé mang lai.

2. Thanh phan vat chat xi dong
2.1. Thanh phan hoé hgc ciia xi dong

Xi ddng chii yéu dugc tao ra trong cac cong doan néu luyén sten, thanh phan hoa hoc ciia cac miu xi dong thay
d6i dang ké (nhu trong Bang 1) do bi anh huong boi loai quy trinh ndu chay, quing nau chay, chit trg dung, va
chc chat phu gia dugc thém vao trong qua trinh luyén kim (Lottermoser, 2005; Ettler va Johan, 2014). Cac kim
loai ¢6 nhiéu trong xi ddng 1a Fe va SIOz, cac nguyén tb khac it hon bao gdm Cu, Zn, Ca, Mg, Al, Ni, Co, Cr, As,
Pb. Thanh phan hoa hoc ciia cic miu xi dong déu chira mot luong dang ké Cu (0,5% -2 ,7%) va Fe (37,9% -
59,2%), ham lugng 2 kim loai nay trong xi dong tham chi con cao hon ham lugng ctia mot sé6 mé quang Cu va
Fe trong tu nhién.

Bang 1. Thanh phan hoé hoc cia 1 s6 mau xi dong

Thanh phan,% Mau 1 Mau 2 Mau 3 Mau 4 Mau 5
Cu 3,96 4,57 2,71 0,58 0,83
Fe 59,2 458 39,56 38,6 37,9
SiO; (Si) 24,74 23,1 (12,42) (14,33) 16,33
Al,O3 (Al) 3,42 3,94 (1,96) (1,83) 2,44
CaO (Ca) 1,81 1,5 (1,79) (1,2) 1,43
Ni - - 0,48 - -
Co - - - 0,21 -
Zn - - 1,93 - 0,96
Pb - - 0.68 - 0,15
S 2,85 1,54 0,83 0,93 0,59
As - - 0,043 - 0,14

Mau 1: Xi cua nha may luyén dong 1 Lao Cai- Vimico; Mau 2: Xi cua nha may luyén dong 2- Vimico; Mau
3: Xi dong cua cong ty TNHH Tap doan kim loai mau Tonging, Trung Quéc (Guo, 2016); Mau 4: Xi ciia INCO,
Ontario, Canada (Gbor,2000); Mau 5: Xi cia nha may ¢ Nhat Ban (Fan, 2015).

2.2. Thanh phan pha cia xi dong

Thanh phan pha trong xi dong khé khac nhau, tuy thudc vao nhiéu yéu té lién quan dén quy trinh luyén kim
nhu: ddc diém cua loai quing dwa vao luyén; loai 10 luyén va dic biét 1a phuong phap lam ngudi xi. Lam nguoi xi
¢6 phuong phéap 1am ngudi cham va lam nguéi nhanh. Lam ngudi xi cham c6 thé dan dén sy két tinh dang ké cua
céc thanh phan xi tao thanh cac pha khoang khac nhau, téc do 1am ngudi cang thip kich thuéc cac pha khoang s&
phét trién cang I6n. Lam ngudi nhanh c6 thé tao ra xi vo dinh hinh, do d6 phan bé kim loai trong xi 1am ngui
nhanh s& ddng nhat hon. Khi xi dong ¢ dang tinh thé, fayalit ( Fe;SiO4) 1a pha chinh cting véi cac pha silicat khac
nhu: Mg2SiOa, CaFeSiO,, CaFe(SiOs)2, cac nguyén t6 kim loai khéc nhu Cu, Fe, Zn, Pb, As, Ni chu yéu lién két
véi sunfua dé tao thanh cac pha sunfua nhu: CusS, CusFeSs, CuFeS,, (Zn Fe)S, PbS, AszSs.

Bang 2. Thanh phan pha cia mét s6 mau xi dong

Thg}lnh Cac pha dugc tao thanh trong xi Tham khao

phan
Cu Cu.S, CusFeS, CuFeS,, CuO, PbCus(AsO,),(0OH), Kierczak, 2013; Alvarez-
Fe Fe;Si04,Fe304,Fe,03,CaFeSiO4,CaFe(Si03)2,CusFeS, Valero, 2009:
Si SiOz, M@Si04, CaMg(SiO3),, CaSiOs, CazAlx(SiOs)s Mateus, 2011;
Ca CaFeSiO4, CaMg(SiOs)2, CaFe(SiOs)2, CazAlx(SiO4)s, Jiang, 2019;
Mg Mg2SiO4, MgAl,04 Ettler, 2009;
Al MgAI204, Ca3A|2(SiO4)3 \]iang’ 2019,
Zn ZnFe;04, (Zn,Fe)S, Zn,Si0a, Zns(CO3)2(0OH), Manasse and Mellini
Pb PbFe,0s, PbS, PbCOs, Pb3(CO3)2(OH),, 2002: ’
As As;Ss, FeAsO4+2H,0, PbCU3(ASO4)2(OH)2, ViikOV&, 2010;
Ni (Fe,Ni)oSs Lottermoser, 2002;
Co €00, CoS Piatak, 2015.
Cr Mg(Al, Cr)O4
S Cu,S, CusFeSs, CuFeS,, FeS, (Zn, Fe)S, PbS, (Fe, Ni)sSg

3. Cong ngh¢ thu hdi kim loai trong xi ddng trén thé giéi
3.1. Tuyén nai



Tuyen n01 1a mot phuong phap hi¢u qua dé thu hoi dong trong xi luyén vi c6 s dung thém mot hodc nhiéu loai
thuoc tuyen n6i nhu: thude tap hop, thudc tao bot, thudc dé chim, thube dleu chinh pH, thudc kich dong. So do
tuyen no6i xi ddng phd bién bao gom cac khau dap, nghién, sang, phan cap, tuyén ndi va khir nude. So dd tuyén
ndi dién hinh duoc minh hoa trong Hinh 2.
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Hinh 2. So do tuyén néi xi dong dién hinh

Céc thong sé cong nghé chii yéu anh hudng dén hiéu qua cua qua trinh tuyén ndi la: thoi gian 1am ngudi ciia xi
ddng nong chay, thanh phan xi, d6 min nghién, do pH, thoi gian tuyén ndi, ndng d bun, loai thude tuyén noi.

Dua trén sy khac biét trong quy trinh lam ngudi, xi ddng c6 thé dugc chia thanh xi 1am ngudi cham, 1am ngudi
bang khong khi va 1am ngudi bang nude (Guo va cong sw, 2017a). Noi chung, xi dong 1am ngudi cham cé loi hon
cho viéc thu hdi dong bang phuong phap tuyen nbi. Xi dong nong chay dugc 1am ngudi chdm cé anh huong t6i
su khuéch tan cua cac hat sten dong hodc dong kim loai, lam tang kich c& cdc hat d6 trong xi, do d6 c6 thé giai
phong céac hat chira dong & kich thudc thé hon, rat thuan loi cho qué trinh nghién va thu hdi cac hat d6 bang
phuong phéap tuyén ndi. Trong khi d6, xi ddong dugc 1am ngudi nhanh tao ra cic hat sten dong, dong kim loai min
hon (so v6i xi 1am ngudi chdm) hodc cac hat v6 dinh hinh trong cAu trac pha, anh huong xéu dén muc do giai
phong va tach cac hat chira dong khoi dat da thai trong qua trinh nghién, ciing nhu tuyen ndi (Sarfo va cong su,
2017a; Guo va cong su, 2018c; Panda va cong sy, 2015). Trong mot nghién ctru, khi téc d6 ngudi cuia xi dong
nong chay duoc kiém soat dudi 3 °C / phut, kich thude hat sten dong 16n hon 10 um dat téi 97%, trong khi d6, &
diéu kién xir Iy 1am nguoi xi dong bang nudc chi co 6% cap hat 16n hon 10 um (Guo va cong su, 2018c; Rozendaal
va Horn, 2013). Can nhdn manh réng khi nhiét d0 xi thép hon nhiét d6 két tinh, lic nay tde d6 lam nguoi xi déng
s& khong anh huong dang ké dén két qua qua trinh két tinh ctia cac hat sten hodc dong kim loai. Do d6, dau tién
1am ngudi cham véi tdc do 1-3 «C / phut cuia xi ddng ndng chay trong gdo mic xudéng gan 1000 <C, sau d6 dung
nude 1am ngudi xi ddng nhanh chéng, quy trinh nhu vay khong chi dat dugc hidu qua tuyén ndi thuan lgi, ma con
rit ngén thoi gian 1am ngudi xi.

Theo dic tinh ctia tirng mau xi déng ¢6 thé lya chon cac loai thude tuyén ndi khac nhau. Thue tap hop, la mot
trong nhing thudc tuyén ndi quan trong duoc sir dung dé hip phu chon loc trén hat ddng sten (hoic dong kim
loai) lam tang tinh ky nuéc trén bé mat cac hat d6 cai thién tinh ndi cua chung, thuong bao gdm natri sec-butyl
xanthate, kali amylxanthat, va alkyl hydroxamat. Qua trinh tuyén ndi xi dong cong nghiép tai xuong tuyén Mount
Isa Mines Limited, xi ddng c6 ham lugng 3,7% Cu dugc nghién téi khoang 80% cép -0,074mm va tuyén bang
thudc tap hop natri sec- butyl xanthate, thudc tao bot MIBC, thudc dé chim hydroxy ethyl cellulose, thu dugc tinh
quang dong c6 ham luong 42,54%Cu véi ty 1¢ thu hoi dong dat 82% (Barnes va cong su, 1993). Gan day c6 rat
nhiéu nghién ctru cong bd hiéu qua tuyén ndi da duoc cai thién boi viée st dung hdn hop céac thude tap hop, vi
du, khi sir dung hdn hop thude tap hop iso-propyl xanthate (SIPX) : di-ethyldithiophosphate (DTP) véi ty 18 thich
hop, thuc thu dong (84,82%), cao hon so vé6i khi ding thude tap hop don tét nhét (78,11%) (Roy va cong su,
2015; Shi va cong sy, 2019; Kong va cong su. 2015).

Viéc tuyén ndi xi ddng co thé thu hdi dong mot cach hiéu qua, tuy nhién phuong phap nay khong dong thoi thu
hdi duge cac kim loai ¢ gia tri khac (Fe, Co, Ni) trong xi dong va yéu cau luong nudce cao hon nhidu so véi cac
phuong phép khac.

3.2. Thuy luyén

Thuy luyén 1a mot trong nhimg phuong phép quan trong dé thu hoi cac kim loai c6 gia tri trong xi dong thong
qua cac phan (g giita cac nguyén té kim loai va mot sb cac dung moi hoa hoc hogc sinh hoc. Cac nguyén t6 co
gi4 tri trong xi duoc hoa tan vao dung mdi sau d6 c¢6 thé thu hdi duge bang mot qua trinh loc rira. Qua trinh thuy
luyén xi ddng, c6 thé dugc phan thanh hai loai chinh: hoa tach hoa hoc (st dung axit va kiém dé hoa tach) va sinh
hoc ( st dung vi sinh dé hoa tach).

3.2.1. Hoa tach hoa hoc



Qua trinh hoa tach ho& hoc cha yéu dugc thuc hién trong dung méi axit (H,SOs, HNOs, HCL) hoac kiém
(amoniac). Hoa tach bang axit 1a phuong phép truyén thong dé thu hdi kim loai trong xi ddng vi quy trinh don
gian, von dau tur va chi phi bao tri thip. Hau hét cac nghién ciru déu tap trung vao méi lién hé gitra hiéu suat hoa
tan cua cac kim loai trong tirng loai dung méi, nong d6 dung mdi, ty 1¢ ran/ long, kich thudc hat chat ran, diéu
kién oxi hod, thoi gian, nhiét do, &p suit hoa tach. Cac nghién ctru ciing khing dinh sir dung dung méi hoa tan
H,SO, 14 lya chon tét nhat do gia thanh thip va hiéu suat hoa tan kim loai ciing twong tu nhu cac axit khac
(Baghalha va cong su.. 2007; Altundogan va cong sy, 2004). Bén canh diy, cac nghién ctru ciing quan tim dén
hiéu suat hoa tach cac kim loai sau khi hoa tan trong dung mdi H,SO,. O 4p suét khi quyén, qué trinh hoa tach
céc hop chét chira Fe (Mg, Ca) hoa tan gy mat mat nhiéu axit ciing nhu thoi gian loc, anh huéng nghiém trong
dén hiéu qua kinh té caa qué trinh nay (Li va cong sy, 2009; Li va cong su. 2003). Do d6, qué trinh hoa tach axit
& 4p suat cao, nhiét do cao (HPAL) da duoc dé xuat dé cai thién cac nhugc diém trén. Qua trinh nay c6 vu diém
la toc do loc cao va muc tiéu thu axit (H.SO4) thap hon 20% trong luong so Véi qué trinh loc bang axit & ap suat
khi quyén, cé thé hoan thanh qua trinh loc cac hop chét chaa kim loai trong 25-45 phit & nhiét do 200-300°C.
(Banza va cong su, 2002) . HPAL da dugc sir dung thanh cong dé hoa tach xi ¢ong 1am nguéi cham chira 4,0%
Cu, 0,5% Co va 2,0% Ni & Canada. Kha nang thu hoi Ni, Co va Cu c6 thé dat trén 90% va 97% trong vong 20
phut va 45 phut tuorng g & nhiét d6 250°C, 70 g/L H.SO4, &p suat 90 psi, tuy nhién kha nang thu hdi Fe & muc
rat thap (Anand va cong s, 1983). Bién phap hoa tach HPAL da thiét 1ap quy trinh hoa tach axit hi¢u qua cao
hon, tuy nhién can xem xét vé mit kinh té vé chi phi van hanh.

Do qué trinh hoa tach bang axit dwoc ap dung dé xu ly xi ddng & mot mirc d6 nao d6 van con nhiéu han ché
nén viéc hoa tach bang amoniac, nhu mot qua trinh hoa tach kiém, dan tro thanh mot trong nhitng lya chon thay
thé vi nhitng wu diém nhu: dung dich loc (amoniac) c6 d6 an mon thip ddi véi thiét bi, qua trinh loc céc hop chat
kim loai thuan loi hon so véi méi truong axit (Bidari va Aghazadeh, 2015). Trong qua trinh hoa tach bang
amoniac, Cu, Co va Ni s& chuyén hoa thanh phirc amin hoa tan twong ng di chuyen vao dung dich loc, trong khi
Fe s& bi loai bo dudi dang hop chit oxy/hydroxyl khéng hoa tan va van con ton tai trong cin loc. (Nadirov va
cong su, 2013).

Nghién ciru vé hoa tach xi dong bang amoniac tap trung nghién ctru cac thong sé nhu: ndng do ciia amoniac,
pH cua hé thong va kich thudc cua céc hat chit ran, day 1a nhitng théng s6 chinh anh huéng dén kha niang hoa tan
clia cac pha mang dong ton tai trong xi (Roy va cong su, 2016; Nadirov va cong su, 2013). Nghién ctru tir hau hét
céc thi nghiém cho thay rang gié tri pH cua bun dong mot vai trd quan trong trong qué trinh hoa tan dong, & gia
tri pH thich hop trong khoang 8,5 dén 10,8 cac pha mang ddng phan wng dé dang véi amoniac trong nudc va
amoni sunfat (hodc amoni cacbonat) dé hinh thanh phirc dong bén, Cu(NHa), 2*, llc nay hiéu qua hoa tach ting
1én déng ké. Anh huong cua pH dén hiéu qua loc dong dugc minh hoa trong Hinh 3. Nghién ctru cho hiéu suat
hoa tach kiém t6t nhét dat duoc trong d6 hon 75% Cu duoc thu hdi & ndng d6 amoniac 1 1,0 mol/L, ty I¢ R/L=1/10,
téc do khudy 500 vong/phut va kich thudc hat xi hon 42 um (Roy va cong sy 2016). Tuy nhién, qua trinh hoa tach
kim loai tir xi d6ng bang amoniac ciing ¢ mot s6 nhuge diém nhu: chi phi san xuat cao do dung méi dé bay hoi,
gay 6 nhidm mai truong, khdng thu hdi dwoc sét.

Phan (rng chinh trong qua trinh rira amoniac:

© 20U+ 8NH,+ 2H,040; = 2[Cu(NH,)(OH),] ® 4CU 2(NH),SOANHL Oy = 2CudNH, SO+ 2H,0

+ ¢
® CutCu(NH,)SO, = Cuy(NH, ) S0, © 2Cu,(NH, ) SO+ 2(NHL SO+ ANH 4O = 4Cu(NH, ) SO+ 2H,0

: =1 [~
e [_3“

on

i

EMVOLTS)

L
¥

an, ph
So db Eh-pH cla h@ Cu-Fe-S-H20 & nhigt d§ 25°C Higu sulit hda tdch ddng & cac didu kign pH khdc nhau

Hinh 3. Anh hwong cua pH dén qud trinh hoa tach kim logi
trong xi dong bang amoniac ( Roy va c¢dng sir,2016)

3.2.2. Hoa tach sinh hoc

Hoa tach sinh hoc da dan tro thanh mot giai phap thay thé kha thi cho viéc hoa tach héa chat thong thuong dé
tai ché xi dong Phuong phép nay ap dung cac gidi phap sinh hoc thay vi hoa chat dé hoa tan kim loai trong xi
dong va c6 nhiing wu diém nhu: mirc 6 6 nhiém moi trudng thap, chi phi thap, ciing nhu kha ning hoa tan kim
loai cao). Vi Iy do do, nhiéu nghién ctu trong phong thi nghiém da dwoc thuc hién st dung cdng nghé hoa tach
sinh hoc trong khai thac cac kim loai c6 gia tri tir xi dong. Tuong tac sinh hoa giita moi trudng tao ra boi cac sinh



vat, vi sinh vt va xi ddng ciing di duoc nghién ciru, cac thi nghiém da chirng minh ring viéc sir dung vi sinh vat
Vvao qua trinh hoa tach co thé dat duoc hiéu suat hoa tach Cu trén 90%. Ngoai ra, Co, Ni va Zn, néu c6 trong xi
ddng ban dau, ciing c6 thé ddng thoi dugc hoa tach. (Sukla va cong su, 1995). Vi khuan dién hinh duoc sir dung
dé hoa tach sinh hoc la vi khuan wa axit cha yéu 12 acidithiobacillus ferrooxidans va acidithiobacillus thiooxidans
(Suzuki, 2001; Lee va Pandey, 2012). Ngoai ra, aspergillusniger, mot loai nam, ciing dwoc 4p dung dé hoa tach
sinh hoc kim loai trong xi ddng mot cach hiéu qua (Sukla, 1992). Céc vi sinh vat wa axit chiu dwoc moéi truong
v6i d6 pH tham chi 1a 0,7, didu nay lam cho chung dic biét thich hgp cho qua trinh hoa tach sinh hoc (Eriist va
cong su, 2013; Watling, 2006).

Theo quan st ciia kinh hién vi dién tur, fayalit va cac pha mang dong thé hién su hoa tan hoan toan khi tiép xtc
vé6i vi khuan wa axit (Hmh 4C, D) S0 VoI kh| khong co qua trinh hoa tach vi sinh (Hinh 4A, B)

Hinh 4. Cdu tric cdc pha ciia xi dong triée va sau khi hod tach Vi sznh bang vi khudn thiooxidans
( Potysz va Kierczak, 2019)

3.3. Hod luyén

Hoa luyén (nung vat liéu 6 nhiét d6 cao sau d6 tach nong chay) ciing la mét phuong phap hiéu qua dé tai ché
xi dong. Nhiéu nghién ctru da ching minh quy trinh nay hiéu qua dé xir Iy xi dong c6 ham luong silic va sit cao,
cling nhu xi dong c¢6 chira dong, kém va chi. So d6 quy trinh hoa luyén trong 10 hd quang dién dugc minh hoa
trong Hinh 5. Nguyén liéu bao gdm xi dong nghién min, chat khir (than cdc, than), chit trg dung (CaO, CaF) dugc
nap vao 10, ty 16 CaO/SiO, ctia hdn hop thuong nho hon 0,6, nhiét d6 hoat dong cua 16 hd quang dién 13 1350-
1550°C (Sarfo va cong sy, 2017b; Heo va cong su, 2013). Trong qua trinh ndng chay, cac oxit va sunfua kim loai
(vi du: FeSiOa, Fes04, Fe;03, CuzS, CuO, ZnS, ZnFe;04, PbS va PbFe;0,) trong xi dong thudng c6 thé duge khir
thanh trang thai kim loai twong (mg cta chung bang cach thém chét khir va chit tro dung. Hiéu qua cua qua trinh
hoa luyén thuong bi anh hudng bdi cac thong sb cong nghé nhu: thoi gian khir, nhiét do khur, loai chét trg dung
va ham luong cacbon. Nhiéu nghién ctru da khang dinh tinh wu viét ctia quy trinh hoa luyén dé thu hoi kim loai
trong xi dong véi dic diém 1a quy trinh xtr Iy nho gon, hiéu qua tai ché cao va 6 nhiém thap, trong khi nhuge diém
cuia tiéu thu ning luong cao va quy mo san xuit nho.

Pby,+0; = 2PbO
Zngy+O; = 2Zn0O

o

Zn(Pb)

Ca0

Céc phan img:

® 2Fe,0,43C = 4Fe+3C0;

® Fe,04C = FetCO,

.n\‘. Fe:Si0+C+Ca0 = 2Fe+CaSiO;+C0;s

Xi déng
Than
] @ 2Cu;S+C+2Ca0 = 4Cu+2CaS+CO,

® 2Cu0+C = 2Cu+CO,
©® 2ZnS+C+2Ca0 = 2Zn+2CaS+CO;

Lo dign

Hinh 5. So do thu hoi kim logi trong xi dong bang phwong phdp hod luyén trong 10 hé quang dién

3.4. Nung - Tuyén vt ly

_Muyc tiéu cua qua trinh nung nay la chuyén doi céc pha kim loai c6 trong xi dong thanh cac dang mong muon,
dé dang tach khoi xi bang cac phuong phép vat ly.

3.4.1. Nung 6xi hoé - tuyén trong luc- Tuyén tir

Thu hdi sét va dong tir xi ddng chu yéu phu thudc vao su chuyén hda cac thanh phan sit khong tir tinh (fayalit)
thanh magnetit va pha hop kim ddng thanh déng kim loai & méi truong oxy héa thich hop. Sau d6, déng kim loai
va magnetit c6 thé thu dwoc bang cach nghién min, két hop véi tuyén trong hrc va tuyén tir nhu minh hoa & Hinh
6 (Cao va cong su, 2012).

Hinh 6 minh hoa so d6 cta qua trinh nung oxy hoa tiép theo 1a tuyén trong luc va tuyén tir dé xir 1y xi déng,
tom tat cac phan ung hoa hoc chinh cua cac oxit va sunfua cia sit (dong) trong giai doan nung oxy hoa. Nhiéu
nghlen ciru da duoc tlen hanh dé cai thién hiéu suit nung oxy hoa thong qua t6i wu hoa cac thong s0 cong nghé
nhu: tdc do, ap luc cap khi oxi, nhiét o, thoi gian oxy hoa, phu gia va toc do lam ngudi xi thir cap (Liu, 2019b;
Lai, 2017; Cao, 2012; Guo, 2017b; Jiang, 2016). Khi oxy théi vao 10 & toc do, ap luc thich hop c6 tac dung nhur



khudy, 1am giam d6 nhot ctia xi ( d6 nhét cia xi ting cao khi ¢6 phan tng chuyén pha fayalit thanh magnetit), do
d6 1am ting xac sudt va cham ctia cac hat chira ddng va magnetit min lam cho cac hat @6 két tinh & kich thudc
16n. Bén canh do, viéc bo sung cac chat phu gia nhu CaO, CaF, Na,COs va ting thoi gian 1am ngudi xi cling tao
ra hi¢u tmg tuong ty. Cac chit phy gia thém vio qua trinh nung ciing 1am giam ning lugng hoat hoa cua Fe;SiO4
bi oxy hoa thanh Fe3Og, cai thién hi¢u sudt qua trinh nung oxi hoa.

Nung 6xi ho xi ddng cling 3% CaO va 1% CaF, ¢ nhiét d6 & 1380°C trong 60 phut, tc dd cap khi 7 L/phut,
tbe d6 1am ngudi xi thir cap 1a 1°C / phit dén 1200°C, tao ra cic hat magnetit va cac hat dong trong xi sau xir Iy
¢6 kich thude 16n hon 60 pm, tiép theo 1a nghién va tuyén vat Iy véi ty 16 thu hdi 90,0% Cu va 62,32% Fe (Cao
va cong sy, 2012).

© xi quaxir
Nghién
Tuyén trong lyc

® CuS+2Cu0 = 6Cu+SO,

® CaO+S0; = CaSO,

]
epo/r™)

® Fe,0.42Fe’ 420" = 2Fe.0,+Fe’

Hinh 6. So' do qud trinh nung oxi hod - tuyén trong lwc- tuyén tir mau xi dong
3.4.2. Nung sunfua hod — Tuyén néi- Tuyén tir

Qué trinh nung sunfua hoa xi ddng ciing mot s chat tro dung va phu gia thich hop dé chuyén Fe,SiO, thanh
FesO4, CuO thanh CuS, dong thoi lam tang tinh linh dong ctia xi nong chay, ddy nhanh qua trinh di chuyén, tap
hop va phat trién ctia pha chira kim loai trong xi, tao diéu kién cho chung két tinh ¢ kich thudc 16n hon. Ngoai ra,
dbi voi xi ¢6 chira nhiéu dong oxit, khi thém chat phu gia c6 chira sunfua nhu: FeS, FeS, va mot chat 1am giam
d6 nhét nhu MnO, s& gitip tao dong sunfua tir xi (Guo va cong su, 2018). Quy trinh nung sulffua héa nong chay
dugc tom tit trong Hinh 7.

O céc diéu kién t6i vu hoa nhu: Phu gia (hon hop FeS, Fe;03, MnO) duoc tron vao xi véi ty 1é 12%, nung &
nhiét 6 1350°C trong thoi gian120 phut, toc d6 lam ngudi xi 1a 1,5°C/phat xudng 900°C, kich thudc hat cua
magnetit va dong kim loai trong xi bién tinh chu yéu trén 50 um. Két qua cua cac nghién ctru cho thdy rang xi
bién tinh mang di tuyén ndi thu duoc 72% ddng vao san phdm tinh quing dong, va 63% Fe vao san phim tinh
quing sit (Guo va cong su, 2016; Guo va cong su, 2018).

Tir nhimg diéu trén chimg t6 rang nung tiép theo sau la qua trinh tuyen vat ly nhu mot ky thuat méi cho tai ché
Cu va Fe tir xi dong Tuy nhién, qua trinh nay cling c6 nhleu nhuoc diém, chang han nhu quy trinh phurc tap, yéu
cau nghiém ngit vé diéu kién phan tng, ty 1 phu gia cao, can dugc nghién ctru thém dé giai quyét nhitng nhugc
diém néu trén, tao didu kién thuan lgi cho viéc 4p dung vao san xuat cong nghiép quy mo 16n.

2 2k Phiin (g chinh trong qud trinh nung Sunfua héa:
Xidong

® CaO+2Fe0-Si0; = Ca0 Si0;+2FeO
® FeO+Fe,0; = Fe:04
[ron Jome Phugia || sicuo-Feorcus
v @ FeS+3Fe,0, = 10Fe0+S0;
N -OIN""E Sunfua héa @ FeS+CusS = CusS FeS
— /

- =
Lam ngudi chdm

v
Xi da qua xir li

©
0

o

Tuyin n6l %

Tinh quing déng Thél 10

Tuyén tr

hira sé
Magnuum (51-xi; 52 - xi 0 qua xir 1)
Phin bb st va ddng trong xi

Hinh 7. So' dé qud trinh nung sunfua hod - tuyén néi- tuyén tir mau xi dong

4. Cong nghé thu hdi kim loai trong xi ddng & Viét Nam



Tai Viét Nam, hai nha may Luyén dong ciia Tong cong ty khoang san - TKV ¢ téng cng suat 30000 tén dong
kim loai thanh pham/ nam, tao ra gan 100000 tin/ndm xi dong. Hai nha may trén dang tién hanh thu hoi dong
trong xi bang phuong phap tuyén noi.

Theo thiét ké, xi dong tai nha may Iuyen ddng I- Lao Cai- Vimico dugc lam ngugi nhanh bang nuée sau d6
dua dén phan xuong tuyen ndi xi déng c6 nang suat 33000 tan xi /ndm véi ham luong dong ban dau trong xi
khoang 3,0%. San pham tinh quang theo thiét ké dat ham lwong 20-25% Cu, thuc thu dat 88%, dwoc dua tro lai
nau luyén, san pham dudi c6 ham lugng dong nho hon 0,4% duoc d6 ra bai thai. Nudgce thai trong qua trinh tuyén
dugc xtr 1y trudce khi quay lai 1am nuée tuan hoan. So dd tuyén ndi xi dong tai nha méay I dwoc thé hién trong Hinh
8. C4c loai thudc tuyén ndi nha may I dang sir dung bao gém: thude diéu chinh méi truong CaO; thudc sunfua
hoa NaS; thubc tap hop butyl xantat; thudc tao bot dau thdng. Két qua tuyén thuc té caa nha may: san pham tinh
xi @éng c6 ham luong 18-20% Cu, san pham dudi c6 ham luwong tir 0,4-0,5% Cu.

X dong

Dip thé

DéE nhd

Nghién bi

.

Phin cép rugt xon

.

Thung Ky
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Tuyén tinh Tuyén vét
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Hinh 8. So do cong ngh¢ xuong tuyén néi xi dong — Nha may luyén dong Lao Cai |

Theo thiét ké, phan xuong tuyén ndi xi dong tai nha may luyén dong 11- VIMICO c6 quy. mo thiét ké 1a 60000
tan Xi/nam, xi dugc lam nguoi cham cé ham lugng dong trong xi khoang 3%, tinh quiang dong sau khi tuyén dat
ham lugng 20-25% Cu dugc dua tré lai ndu luyén, thyc thu dong 1a 90%, dudi thai c6 ham lugng ddng >0,4% d6
ra bai thai. So dd tuyén xi dong tai nha may 2 dwoc thé hién trong Hinh 9. C4c loai thudc tuyén ndi nha may 2
dang dung ciing trong ty nhu nha may I: thude diéu chinh méi truong CaO; thudc sunfua hoa NazS; thudc tap
hop butyl xantat; thudc tao bot dau thong. Két qua tuyén thuc té cia nha may: quang tinh xi déng c6 ham luong
tur 18-20% Cu, quang dudi c6 ham luong 0,3-0,4% Cu.
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Hinh 9. So do cong nghé xwéng tuyén néi xi dong — Nha may luyén dong Lao Cai Il

Tinh dén thoi diém nay, khéng co nhidu béo cao nghién ctru thu hdi dong va cac kim loai khac trong xi hoa
luyén cua hai nha may luyén d¢ong Lao Cai | va Il do 2 nha may mai hoat dong lan luot cac nam 2008 va 2022.

Nam 2011, Vién khoa hoc va Cong nghé Mo - Luyén kim dé thuc hién d& tai “Nghién ctru tan thu cac nguyén
t6 c6 ich trong qué trinh tuyén va luyén quing dong Sin Quyén” véi so dd cong nghé tuyén ndi nhu hinh 4 da thu
duoc tinh quang xi déng c6 ham lugng dat 21,6%Cu, thuc thu dat trén 90%, cac kim loai khac trong xi nhu Fe
cling chua duoc nghién ctru thu hdi trong dé tai nay.

Mazu thi nghiém

Tuyén ndi xi dong

| 1

Tuyén ndi tinh Tuyén vét

| |

Tuyén tinh II

San pham tinh xi déng

San phim thai xi déng
Hinh 10. So do cong nghé tuyén vong kin mau xi dong Lao Cai.
5. Két luan

Xi ddng, mot chét thai dugc tao ra chu yeu trong qua trinh hoa luyén quéng ddng, 1a mot ngudn tai nguyén thir
clp quan trong chira mot s6 luong 16n cac yéu t6 c6 gia tri nhu Fe, Cu, Zn, Ni va Co. Cac nghién ctru d3 xem xét
co ché tao ra, ddc diém hoa hoc, vat ly cua xi ddng va cac phuong phap chinh dé thu hoi kim loai trong xi dong.
Cac phuong phap duoc dé xuat dé thu hoi kim loai tir xi dong chi yéu bao gom hod luyén — cac phuong phap
tuyén (vi du: nung oxi hoa - tuyén trong lyc- tuyén tir, nung sufua hoa- tuyen noi- tuyén tir), hod luyén, thuy luyén
(vi du: hoa tach hoa hoc va hoa tach sinh hoc) va phuong phép tuyén noi. Phuong phap tuyén ndi twong dbi higu
qua dé thu hoi dong sunfua va dong kim loai c6 trong xi, tuy nhién khong thu hdi duge cac kim loai khac con lai



trong xi nhu Fe, Ni, Co, Zn. Phuong phéap hoa tach hoé hoc c6 thé thu hdi chon loc cac kim loai, déng thoi co thé
loai bo cac nguyén t6 c6 hai trong xi. Tuy nhién, phuong phap nay van cé nhugc diém nhu tiéu thy nhidu dung
moi cung nhu gay 6 nhiém moi truong nghiém trong. Phuong phap hoa tach sinh hoc co thé duoc phat trién thanh
mot giai phap thay thé kha thi dé thu hoi kim loai trong xi dong xi dong va dong thoi giai quyét nhiing nhuoc
diém ctia phuong phap hoa tach hoa hoc truyén thong Phuong phdp hoa luyén két hop vai cac phuong phap tuyén
cung c6 hi¢u qua thu hoi cac kim loai trong xi dong. Tuy nhién, can nghién ciru cac chit phy gia dé thac day pha
chira sit va dong trong giai doan nung tao thanh dang magnetit va dong kim loai dé ting cuong higu qua cia cac
qua trinh tuyén vat 1y tiép theo, cai thién viéc thu hdi ddng va sit.

Tai Viét Nam, xi déng cua hai nha may luyén dé)ng I, II- Vimico chira chu yéu Cu va Fe véi ham lugng 3-5%
Cu; 40-50% Fe. Hién nay, hai nha may nay dang sir dung phuong phép tuyén noi dé thu hoi Cu trong xi véi thuc
thu khoang 90% Cu vao quing tinh, cc kim loai khac (Fe) hién van chua c6 phuong én thu hoi.

Mic du ¢é nhiéu nghién ctru va ngay cang c6 nhiéu cai tién trong viéc thu hoi kim loai trong xi dong, tuy nhién
linh vuc nay doi hoi nang cao hon nira hiéu qua thu hdi kim loai ¢6 ich, loai bo va c6 dinh cac yéu to co hai, sir
dung hiéu qua xi thtr cip da dwoc lam sach, day duoc coi 1a muc dich dé phat trién bén viing cac quy trinh luyén
ddng va xir 1y xi dong.
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ABSTRACT
Technology of recovery of metals from copper slags
in the world and Vietnam

Vu Thi Chinh'?2, Nhu Thi Kim Dung2 Pham Thi Nhung'2
'Hanoi University of Mining and Geology
2Research Group Advanced Technologies in Mineral Processing and Recycling (MinPro)

Slag copper is a by-product of the copper smelting process, with about 2 to 3 tons of slag copper generated for
every 1 ton of refined copper. In 2023, global copper production reached nearly 22 million tons, leading to
approximately 70 million tons of slag copper. This material contains significant amounts of Cu and Fe, with some
concentrations even exceeding those found in natural ore deposits. Additionally, it contains other metals like Zn,
Mg, Al, Ni, Co, and Cr. As such, slag copper is regarded as a valuable secondary resource, holding large quantities
of high-concentration metals that should be recovered. This paper outlines the formation and characteristics of
slag copper and presents recent advancements in methods for recovering metals from slag copper both globally
and in Vietnam.

Keywords: copper slag, smelting, leaching, flotation.
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Str dung hon hop thudc tap hop trong tuyén noi quing dong sunfua
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TOM TAT

Trong céng nghé cac nha may tuyén dong trén thé gisi thuong ap dung ché do st dung hdn hop thudc tap
hop, thudc dé chim. Xantat thudng la thude tap hop chinh va thudc tap hop phu bao gdm nhiéu chang loai khac
nhau nhu ditiophosphat, xantogen format, thionocarbamat, xanthic ester va mercaptobenzothiazole. Cac polyme
hitu co, cu thé 1a dextrin, da duoc sir dung & mot sé nha may nhu mot loai thudc dé chim pyrite/pyrrhotite trong
qué trinh tuyén ndi déng. Trong mét sb quang dong chira dat da ky nudc (talc, chlorite), dé chim talc trong qua
trinh tuyén ndi ddng da dat dugc mot cach hidu qua khi st dung carboxymethylcellulose (CMC). Thay tinh long
cling Ia thude dé chim thach anh hiéu qua khi tuyén néi quiing dong sunfua. Noi dung béo céo trinh bay céc loai
thudc tap hop, thude deé chim va cach thirc sir dung phol hop céc loai thudc tap hop trong tuyen ndi quang dong
sunfua néi chung. Bao cdo cling trinh bay mét so két qua nghién ctiu tuyén noi mau quing dong Ta Phoi - Lao
Cai khi str dung hdn hop thudc tap hop xantat, ditiophosphat va AP2; st dung hdn hop thube dé chim thay tinh
long va dextrin. Két qua nghién ciiu cho thy, tir quang dau c6 ham luong 0,8% Cu thu dwoc quing tinh dat ham
lugng trén 23% Cu, thuc thu trén 91%.

Tir khoa: hdn hop thude tap hop; thude dé chim; tuyén ndi; quang tinh

1. Pit van dé

Thudc tuyén ndi 1a hoa chat dugc st dung nham thay d6i c6 dinh hudng tinh wa, ki nudc cua bé mat hat
khoéng ciing nhu cac diéu kién khac nhim dam bao cho qué trinh tuyén ndi dién ra vai hiéu suit cao va voi
tinh chon riéng cao. Thudc tuyén ndi cé thanh phan rat da dang: c6 thé bao gom nhitng hop chét vo co va
hitu co, c6 thé la cac axit va kiém, cac loai mudi, nhitng chit ¢ thé tan hodc khong tan trong nuéc. Theo
muc dich str dung, c6 cac loai thudc tuyén ndi: thudc tap hop, thude kich dong, thude dé chim, thude diéu
chinh méi truong va thudc tao bot (Nguyén Boi, 1998; Bulatovic, 2007).

Thubc tap hop 1a hop chét hitu co tac dung mét cach chon loc 18n bé mat nhitng hat khoang vat nhét dinh
va lam cho bé mit do6 c6 tinh ki nuée. Thude tap hop tac dung tap trung trén bé mit phan chia pha khoang
vat - nudc, do d6 1am ki nudc bé mat hat khoang vat va dam bao kha ning bam dinh can thiét caa n6 vao
bong khi dé ciing ndi 1én. H3n hop cac thudc tap hop da duoc st dung rong réi nhiéu nam trong tuyén noi
quang sunfua va dat hiéu qua tuyén cao. Su két hop cua cac loai thudc tap hop rat da dang, ciing nhu cac
ty 1 khéc nhau giira chung da dwoc sir dung. Hiéu qua tuyén duoc cai thién 12 do kha nang van chuyén cua
giai doan tao bot tang 1én, dong hoc nhanh hon va kha niang thu hoi tét hon cac hat ¢& trung binh hozc thé.
Chinh sy twong téc giira cac thanh phan khac nhau cua hé théng hdn hop thude tap hop, chi khdng phai la
cac tac dong chinh riéng 1é, s& anh huong dén hiéu qua tuyén. Két qua cua quy trinh bao gom tang ty 1¢ thu
hdi va ham lwong trong khi chi phi thudc tuyén thap hon. Nhiéu co ché khac nhau di duge bao céo va dang
thao luan. Nhing co ché nay da dwoc chang minh 13 anh huong dén thanh phan/loai giai phéng va kich
thuéc khac nhau cua cac hat khoéng vat. Trong nhitg nim gan day, cong nghé phan tich bé mat va dinh
lurgng khoang vat ty dong nhu ToF-SIMS da cho phép giai thich rd hon khia canh nao cua qua trinh da bi
anh huong. Viéc lva chon loai hdn hop thude tap hop hién dua trén kinh nghiém va kién thuc thuc té. Hién
nay, su két hop téi uru tot nhat nén dugce xac dinh bang thuc nghiém & quy mé phong thi nghiém trudc khi
thir nghiém thuc té. Thir nghiém trong phong thi nghiém nén dugc thyuc hién bang cach c6 st dung céc bién
phép kiém soét chit lugng, chang han nhu c¢6 thé duoc thuc hién tir thir nghiém tuyén ndi co do tin cay cao
(D.J. Bradshaw et al, 1998; N.O. Lotter et al, 2010). Muc dich ciia bai bao nay la tom tat va xem xét ly
thuyét va thuc tidn hién tai vé viéc s dung hdn hop thude tap hop trong tuyén ndi quing sunfua ca trong
(rng dung va nghién ctru. Mot nghién ciru dién hinh chimg minh phuong phap nay 1a s dung hdn hop thudc
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tap hop, hdn hop thude dé chim trong tuyén néi quang dong sunfua thuoc Nha may tuyén dong Ta Phoi -
Lao Cai.

2. Vai tro, chire ning ciia thudc tap hep (TTH) va thude dé chim

Vai trd chirc nang chi yéu cia cac TTH I tao ra tinh ky nudc bang cach hap phu 1én khoang vat mong
mudn ndi va do d6 chung tap trung ¢ bé mat tiép xtc khoang vat-nuéc. TTH 1a cac phan tur di cuc chia
chudi hydrocarbon khong phén cuc, 1am cho hat khoang vat ky nuéc va mot nhém phan cuc twong tac voi
bé mat khoang vat.

Céc phan tir TTH ¢6 thé duoc chia thanh ba loai, bao gom: loai khong ion, phan lon khong hoa tan va
dugc sur dung trong tuyén ndi than va than chi; loai cation thuong 1a mudi amin va dugc st dung dé tuyén
ndi silicat va sunfua trong diéu kién kiém; va loai anion duoc su dung dé 1am ndi céc khoang vat co ban
nhu oxit kim loai va sunfua. Axit béo dugc sir dung dé tuyén ndi cac khoéng vat khong chira sunfua nhur
apatit, canxit, fenspat va hematit. Sulphonat va sunfat dugc st dung cho apatit vi ddc tinh tao bot cua chiing
han che tac dung cua ching dbi voi cac hé thdng khac. Cac TTH sulphydryl hogc thiol dugc su dung dé
tuyén ndi cac khoang vat sunfua va trong s6 nay xantat dugc phat hién lan dau tién vao nim 1925, van duoc
sir dung rong rdi nhat (Nguyén Boi, 1998; Bulatovic, 2007).

Co ché lién két khoang vat-TTH phu thudc vao loai TTH ciing nhu tinh chat va dién tich cua bé mat
khoang vat va c6 thé xay ra thong qua qua trinh hap phu vat Iy hogc lién két héa hoc. C6 mot s6 phuong
thirc twong tac hoa hoc cuia TTH vai bé mat khoang vat. Trong truong hop hap phu vat ly, TTH khong
tuong tac vi bé mat khoang vat. C4c lién két 1a vo dinh hinh va nang lugng hap phu tu do Gibbs tuong dbi
thap. Trong truong hop hap phu héa hoc, TTH twong tac véi bé mat khoang vat ma khong cé su di chuyén
ctia c4c ion kim loai khoi vi tri mang tinh thé cua ching va thuong bi han ché & pham vi bao phu mot 16p.
Céc phan (ing héa hoc bé mat di kém véi sy chuyén dong cua céc ion kim loai tir cac vi tri mang tinh thé
ctia chiing va cd thé hinh thanh nhiéu I6p. Néu phan ting nhu vy xay ra trong dung dich ban thi bé mat ky
nudc sé chi duoc hinh thanh néu c6 luong hap phu I6n trén bé mat khoang vat.

Khoang vat sunfua 1a chat ban dan va c6 thé phan tung dién hoa voi TTH thiol theo mé hinh thé ning
hdn hop. Diéu nay lién quan dén qué trinh khir oxy ¢ ca tot va qua trinh oxy hoa a ndt cia cac TTH. Thé
nang dién hoa cua hé thong va nhiét dong luc hoc ciia cac phan tmg tuong tng quyét dinh ban chat cua cac
san pham bé mat. Tuy thudc vao ban chat cua cac san pham bé mit duoc hinh thanh, TTH c6 thé duoc hap
phu vat Iy, chang han nhu trong truong hop dithiolate trung tinh, hozc hip phu héa hoc, chang han nhu
trong trudng hop thiolate kim loai. Pwong nhién, khi sir dung hdn hop cac TTH, su két hop ciia cac co ché
va san pham nay c6 thé xay ra, dan dén hiéu suat tuyén ndi dwoc nang cao.

Vai tro cua thude dé chim 1a 1am giam sy tac dung cua TTH 1én dat ¢a khong mong mudn ndi, bao gém
cac khoang vat talc hoic cac khoang vat oxit khac. Céc vi du dién hinh bao gdm muéi v co, nhu natri
silicat, natri sunfit hodc mudi hitu co, nhu dextrin va cac dan xuét tinh bot, carboxymethylcellulose. Qua
trinh dé chim dat dugc bing cach ting cuong tinh chat wa nuée cua bé mat dat da, bang cach ngan can sy
hinh thanh 16p ky nuéc hozc bang cach phi céc slam khéng mong mudn Ién bé mat khoéang vat. Cac co ché
dé chim ciing c6 thé bao gom sy hinh thanh cac hat keo 16n va sy tao phirc cia TTH trong dung dich.

3. Sir dung hén hep thudc tap hop
3.1. Co ché hén hep

Viéc st dung hdon hop TTH da dugc cong nhén tur lau trong thuc té nha may tuyén va da duoc chirng
minh 1 nang cao hiéu qua tuyén ndi. Nhing ket qua nay da dat duoc dbi véi nhiéu loai hdn hop TTH
(anion, cation va khdng ion) va bao gdom yéu cau chi phi thap hon, d6 chon loc duoc cai thién, téc do va
muc d6 thu hdi ciing nhu ting kha ning thu hdi cac hat thd. Trong nhiéu truong hop, ty 16 t6i wu cua cac
TTH thanh phan da dwoc ching minh 12 tdn tai. Dithiophosphate 13 mot loai TTH thiol dugc st dung rong
rai trong cac loai hon hop (D.J. Bradshaw et al, 1998; N.O. Lotter et al, 2010; Longhua Xu et al, 2017).

Khi sir dung hdn hop cac TTH, cho thay mirc d6 hip phu I6n hon trén bé mat khoang vat. Biéu nay cé
thé tang cuong tinh ky nudc tong thé cua bé mat khoang vat hoic tao ra I6p bé mat hdp phu cua cac phan
tar TTH pha hop hon cho cac twong tac thudc tao bot-TTH. Tinh ky nudc khoang vat ting 1én c6 thé 1a két
qua ctia sy hinh thanh cac dang b& mit phan b6 dong déu hon. Vi dy, sy thay doi tinh ky nuoc ¢6 the dugc
do bang nhimg thay aoi vé goc tiép xdc, ty trong bong khi va cudi cung la muc do thu hoi trong céc thu
nghi¢m tuyen ndi gian doan. P4 véi mot sb he thdng nhét dinh, khi hon hop cac TTH duoc tiép xuc tuan
tu vGi mot bé mit ma theo dinh nghia phai c6 sy phan bd khong dong nhét cua cac vi tri khac nhau vé mat
nang lugng, thi TTH yéu hon s& hdp phu wu tién trén cac vi tri dé hap phu va TTH manh duoc thém vao
sau d6 s& hap phu trén céc vi tri kho hip phyu hon. Bing cach nay, cang nhiéu vj tri dwoc st dung dé hap
phu cang tét, do d6 ting cudng tinh ky nudc. Viéc bd sung mot TTH don 1é chi 6 thé dan dén su hap phu
trén céc vi tri hip phu dé, tao thanh viing phu khong ddng déu va do d6 kha niang hap phu kém tbi wu hon.



Hiéu tmg nhu vay c6 thé khong duoc quan sat thay néu cac TTH duoc tron trude trude khi thém vao, do
d6 tac dung ddng van c6 thé phu thudc vao trinh ty thém vao, ciing nhu phu thudc vao sy hién dién cia hdn
hop (D.J. Bradshaw et al, 1998; N.O. Lotter et al, 2010; Longhua Xu et al, 2017).

Ham luong cua quang tinh phan 16n phu thuc vao chire nang cuia thude dé chim dugc sir dung va anh
hudng dén dac tinh caa ving tao bot. Sy hién dién cua chat ran Ky nudc trong giai doan tao bot s& lam mét
6n dinh bot va din dén cai thién kha nang thoat nudc va do d6 tang tinh chon loc va ham luong. Su ¢6 mat
cua cac khoang vat ua nuéc hogc chi ky nudc nhe o thé 6n dinh ving tao bot va do d6 lam gidm ham luong
quang tinh dat duoc. Viéc st dung két hop cac TTH tao ra ca san pham bé mat dwoc hap phu vat ly va hap
phu héa hoc ciing ¢6 thé anh hudng dén céu trdc bot va anh huong dén ham lugng quang tinh cudi cing
dat dugc. Cac nghién ctu cho thay hiéu qua tuyén dugc ting cuong khi sir dung TTH manh khong c6 dic
tinh tao bot véi TTH yéu hon c6 dic tinh tao bot. TTH trudc 1am ting kha nang thu hdi hat thd va TTH sau
tang kha nang thu hdi hat min. Tuy nhién, day khong phai la hiéu tmg dong van thuc su vi hiéu ang két hop
la tng cua cac hiéu tng riéng lé.

Tir viéc xem xét cac co ché ¢ trén, rd rang bat ky TTH don 1¢ nao ciing s& khong hap phu day du 1én bé
mit cac khoang vat sunfua trong quang da kim sunfua. C6 kha niang 1a cac hdn hop TTH duoc thiét ké tét
c6 thé hap phuy thanh cong hon toan bo pham vi bé mat khoang vat sunfua. Ngoai ra, néu mot sé khoang
vat sunfua nhét dinh nhu pyrit hodc pyrrhotite dac biét quan trong dbi vai viéc thu hdi kim loai do dung
dich ran chtra céc kim loai quy nhu vang hodc bach kim, thi c6 thé d& dang xay dung co ché x(c tac san
xuit dixanthogen bang dithiocarbamate . Nguoc lai, néu pyrit hoac pyrrhotite 1a nhitng khoang vat khdng
mong mudn thu hdi trong quy trinh tuyén thi hé thong hdn hop TTH c6 thé dwoc tao thanh phi hop dé loai
bo céc sunfua nay.

H&n hopTTH trong tuyén ndi bot khong phai 1a mot khai niém méi. Thir nghiém dwoc bdo céo boi
Glembotskii (Glembotskii, A.A., 1958) cho thiy rang khi mot TTH yéu hon dugc thém vao mét TTH manh
hon, hdn hop mang lai muc ting thu hoi 2 - 5% so véi hé théng TTH manh duy nhat. Glembotskii giai thich
rang hiéu suat 6n dinh tt hon cua cac hdn hop TTH 1a do hiéu tng téng hop duoc tao ra giira hai TTH
khac nhau. Téc gia cho rang su khac biét vé ciu tric va thanh phan cang Ién thi hiéu tng tong hop cang
I6n. Tac dung nay rd rét hon o chi phi thap hon.

Téc dung cua viéc sir dung hdn hop cac TTH thay cho cac TTH don 1é trong cac thir nghiém tuyén noi
thé hién & cac khia canh sau: cai thién toc do6 tuyén ndi; cai thién viéc thu hdi ¢& hat thd; giam chi phi yéu
cau; két qua tét nhat thu duoc & ty 1& thanh phan tdi wu.

Céc dang hon hop TTH:

a/ Cac thude tap hop c6 cing mot nhoém chire nhung véi chiéu dai hydrocacbon khac nhau;

b/ Sir dung thudc tap hop khong cuc voi thudc tap hop di cuc;

¢/ Két hop giita thude tap hop cation voi thude tap hop anion;

d/ Két hop gitra mot thudc manh véi mot thude yéu.

3.2. Mjt 56 vi du dién hinh

Mot s vi du dién hinh duge chi ra dudi day cho thﬁy tac dung ctia viéc st dung hdn hgp TTH (Nguyén
Boi, 1998).

N - ion trimetylamonium bromit
S -ion xantogenat

Hinh 1. Hon hop TTH amin va xantogenat

Khi sir dung dong thoi amin va xantogenat (Hlnh 1), axit cacbon va amin tao su hap phu bd sung trong
mang thudc tap hop, hinh thanh mang hap phu hdn hop dic biét on dinh dugc hinh thanh

Cac thude tap hop khong cuc hdn hop véi thude ‘tap hop di cuc (Hinh 2) str dung 6t cho tuyén ndi quang
sunfua cling nhu oxit, do sy tao thanh vanh dai dau cua cac chét hydrocacbon khong cuc. Cac thude tap
hop khong cuc bam dinh dudi dang giot nho, dang théu kinh trén bé mit khoang vat da dugc lam ky nudce
bang thudc tap hop di cuc. Khi khoang vat tién dén tiép xuc, tuong tac véi bot khi va dinh vao nhau, cac
giot dau nho chay lan ra tao thanh mot mang mong gitra bong khi va khoang vat (chiéu day <3pm), nghia
14 tao thanh mot vanh dai dau doc theo dudong t1ep xuc 3 pha, trong dau xuét hién ap lyc mao dan, c6 nghia
1a diu bi day khoi pha nudce, két qua 1am cho bé mit ranh gi6i tiép xtic véi nude giam.



N

TTH ko cuc
*

Hinh 2. Hén hop TTH khdng cuc va di cuc
bk: bong khi; TTH ko cuc: thuoc tdp hop khdng cuc; kv: khoang vdt

Khi tuyén néi bang cac hdn hop tir xa phong axit béo va amin khong cé hién twong pha va bot, qué trinh
tuyén noi dat két qua tét. Tuyén ndi apatit bang hdn hop amin va axit cacbon, lugng hap phu amin tang.
Khi cho thém mét it chat hoat tinh bé mat cation vao chat hoat tinh bé mat anion 1am ting lugng hap phu
cua cac anion trén graphit.

Hiéu suat tuyén ndi tang cao di dugc quan sat thiy & cac thir nghiém tuyén néi quang pyrit ham luong
thdp sir dung TTH thiol ¢ pH = 4. TTH dugc thir nghiém l1a kali n-butyl xantat (PNBX) va alkyl
dithiocarbamate (DTC). Hiéu suat dugc phan tich bang cach sir dung dix liéu thuc thu - ham luong ciing tét
nhu thu hdi nuéc va ran va ty 1¢ thu hoi luu huynh. Bé mit bot dugc phan tich bang hinh anh k§ thuat sé.
Trong tat ca cac thi nghiém, tong nong @6 mol ciia TTH 1a khong ddi.

Két qua tuyén ndi cho thay:

- Quing tinh Iuu huynh c6 mic d6 thu hdi 1a 80%,

- Ham luong luu huynh 1a 25%

- va viéc thu hdi nudc, tat ca déu phy thudc vao ty 1é mol cua cac thanh phan.

R rang 1a ham luong va thyuc thu 16n hon mong doi do hiéu tmg cong tuyén tinh don thuan va cing
dugc ting cudng. RO rang la TTH thuan tuy c6 thé khong thé hién tinh tuyén tinh dbi vai chi phi nhung
trong truong hop hién tai, chi phi 12 ti thiéu. Tuy nhién, su thay d6i gia tri thu hoi nuéc ty 1¢ tuyén tlnh
vé6i s6 mol ciia céc thanh phan va 10 rang tac dong ddng van chi anh huong dén hanh vi cua cac hat ran.
Phan tich hinh anh k¥ thuat s6 cuia bot cho thay rang khi sir dung hdn hop TTH, bot s& linh dong hon va
kich thudc bé mat bong khi 16n hon. Biéu nay c6 thé Ia do su tuong tac giita thudc tao bot - TTH, lam giam
d6 6n dinh cua bot, ting kha ning thoat nudc cua vat lidu bi cubn theo va ting ham luong quing tinh thu
duoc.

4. Thudc tap hep tuyén quing déng sunfua

Trong cong nghé cac nha may tuyén dong trén thé gi¢i thuong ap dung ché do sir dung hdn hop thude
tap hop. Xantat thuong la thudc tap hop chinh va thudc tap hop phu bao gom nhiéu chiing loai khac nhau
nhu ditiophosphat, xantogen format, thionocarbamat, xanthic ester va mercaptobenzothiazole. Bang 1 dudi
day trinh bay mot s ché do thudce tap hop dién hinh cho quing dong sunfua. Bang 2 trinh bay ché d6 thudc
tuyén caa mot s6 nha may tuyén dong trén thé gisi.

Bang 1. Ché @ thuac tap hop doi Véi quéing dong sunfua twong 1img véi thanh phan khodng vat
(Bulatovic, 2007)

Cac khoang vat dong va

H&n hop thudc tap hep

molipden

Thanh phan khoang vat da

PAX, thionocarbamat, dau DO

Chancopirit, molipdenit

Arkose, silicat, da voi

KEX, dithiophosphat

Chancopirit, bornit

Thach anh, fenspat, manhetit

PAX, mercaptan

Chancopirit, bornit

Thach anh, calcite, chlorite

KAX, SIPX, dau DO

Chancopirit, molipdenit

Thach anh, diorit, fenspat, biotit

PAX, xanthogen formate

Chancopirit, chankozin, bornit

Thach anh, aluminosilicat phac hop

Thionocarbamat, dithiophosphat

Chancopirit, chankozin, covelin

Fenspat, silicat

PIBX, dithiophosphat

Bornit, chankozin

Silicat

PAX, dau DO, thionocarbamat

Chankozin, molipdenit, chancopirit

Andesit, diorit

Dithiophosphat, mercaptan, dau DO

Chankozin, molipdenit

Bang 2. Ché dg thuac tuyén mét sé nha mdy tuyén dong trén thé gisi (Bulatovic, 2007)

Nha may tuyén Thuéc tap hop Thuéc tao bot Tuyén chinhp|_|| Tuydn tinh
Canada
Gibraltar Dithiophosphat, PAX MIBC 10,5 10,5
Lornex PAX, dithiophosphat, dau DO Dau thdng 11,1 11,1
Gaspe PAX, xanthogen formulat, dau DO Dau thdng 9,5 9,5
Island Copper SIBX Dow 1012 11,5 11,5




pH

Nha may tuyén Thuéc tap hop Thuéc tao bet Tuydn chinh | Tuyén tinh
Brenda SIBX, xanthic ester MIBC 10,0 10,0
Granisle Copper PAX, xanthic ester Dow 250 10,5 10,5
My
Utah Copper Dithiophosphat, dau DO Dow 8,5 8,5

250/MIBC
Sierrita SIPX, xanthic ester, dau DO MIBC 9,5 9,5
San Manuel Xanthogen formulat, MIBC 10,5 10,5
Morency Thionocarbamat Dow 10,5 10,5
250/MIBC
Butte Thionocarbamat Dau 10,5 11,0
thng/MIBC
Pima SAX, dau DO MIBC/Dow 11,5 11,5
1012
Pinto Valle NIBX, dithiophosphat MIBC 11,5 11,5
Twin Butte NIBX, dithiophosphat X31/MIBC 11,0 11,5
Mineral P Thionocarbamat, xanthic ester MIBC 11,5 11,5
Bagdad PAX, dau DO Dau 11,5 11,5
thong/MIBC
Peru va Chi I&
South Copper (P) | SIPX, dithiophosphat Dau théng 11,5 11,5
El Salvador (C) PAX, thionocarbamat Teefloth/Dau 10,8 10,8
thong
Escondida (C) SIPX, mercaptan, xanthic ester MIBC/Dau 10,5 10,5
théng/Dow
1020
Disputada (C) Dithiophosphat Dow 250 10,0 10,0
El Cobre (C) Dithiophosphat, mercaptan, PAX MIBC/ Dow 10,0 10,0
250
El Teniente (C)
Sewell Xanthogen formulat, dau DO Dow 250 4,0 4,0
Colon Xanthic ester, dau DO Dow 250 11,0 11,0
Andina (C) Thionocarbamat, dau DO MIBC/  Dow 9,0 9,0
250
Chaluahuasi (C) SIPX, thionocarbamat Dau théng/ 10,5 10,5
Dow 250
Vanh dai Thai Binh Duong va Australia
Acadia Hills PAX, dithiophosphat MIBC 10,0 10,0
Mount Isa Copper | PAX, dithiophosphat MIBC 10,0 10,0
Dos Altos KEX, dithiophosphat 41G 9,0 9,0
Philex PAX, dithiophosphat, thionocarbamat | MIBC 8,5 8,5
Lepanto Dithiophosphat, xanthogen formulat | MIBC 5,6 5,6
Stonino NIBX MIBC 8,5 8,5
Mar Copper NIBX, thionocarbamat MIBC 9,0 9,0
Nga
Balkashi SIPX, dau DO Tuong duong 11,5 11,5
Dow 250
hoac Dow
1012
Bozchshakul SIPX, dau DO MIBC 11,5 11,5
Almalyk Hon hop KEX, PAX, dau DO nhii hoa | Dau théng 9,5 9,5
Kadzharan Hon hop KEX/PAX, dau DO Dau théng 10,0 10,0
Agarak PAX Tuong duong 9,0 9,0
Dow 250
hoac Dow




Nha may tuyén Thuéc tap hop Thuéc tao bet Tuyén chinth Tuyén tinh

1012

Koundorskoie KEX, xanthogen formulat Tuong duong 12,0 12,0
Dow 250
hoic Dow 1012

Chéu Au

Majdaupek, Nam | PAX, dithiophosphat MIBC 10,5 10,5

Tu

Krivelj Bor, Nam | KEX, thionocarbamat, kresol Dow 250 11,0 11,0

Tu

Medet, Bulgaria Hon hop KEX/SIPX, dau DO Dau thdng 10,0 10,0

Chéu Phi

Mufulira ZCCM SSBX, mercaptan Sencol 1200 10,8 10,8

Palabora, Nam Phi | SIBX, thionocarbamat TEB 75 7,5

Kamoto, Congo SNBX, dithiophosphat TEB 7,5 7,5

5. Két qua thir nghiém véi mau quing dong T Phoi - Lao Cai
5.1. Mau cdng nghé

Két qua nghién ciru thanh phan vat chat mau quang dong Ta Phoi - Lao Cai cho thay, loai hinh quing
thuoc quang dong sunfua, cac khoang vat chira dong chu yéu la cac khoang vat sunfua. Trong mau quiang
c6 mot lugng nho khoang vat dong oxit (malachit, azurit), anh huong dén két qua tuyén noi dong, lam giam
ty 1é thu hoi dong. Bé xir ly cac khoang vat oxit ddng cd thé dung qua trinh sunfua hda. Do xam nhidm cac
khoang vt chtra dong trong quang tir 0,1 - 0,5 mm, twong ty nhu quing dong Sin Quyén, Vi Kém, nén
phuong phép thu hdi chii yéu la tuyén noi (Nhi Thi Kim Dung va nnk, 2022).

Ham lugng Cu trong mau quang dau ~ 0,8%, su phan bb Cu trong cac cip hat min cao hon cép hat thd
nén trudc khi tuyén ndi can nghién min dé giai phéng céc khoang vat chira ¢ong (Nhir Thi Kim Dung va
nnk, 2022).

5.2. Két qud thi nghiém

*Thiét bj va cac logi thudc tuyén si dung:

- May nghién bi thi nghiém;

- May tuyén néi phong thi nghiém dung tich 1 lit, 3 lit;

- B min nghién: 62% -0,074mm; Ndng d6 bun: 30%;

- Thudc diéu chinh méi truong: St dung voi (CaO) dé didu chinh pH caa méi truong (pH = 9-10);

- Thudc tap hop gdbm: Butylxantat (BX), amylxantat (PAX), AP2, dibutylditiophosphat ammoni (DBDPA);
- Thubc dé chim: Dextrin, thay tinh long

- Thudc tao bot sir dung 1a dau théng (BK).

Thi nghiém tuyén ndi theo 02 so d6 Hinh 3 va Hinh 4.

Bin quing

Tuyén ni 1

Tuyén tinh 1 Tuyén ndi 2

Tinh quang 1 Tuyén vét

Tuyén tinh 2

Tuyén tinh 3

Dudi 1

Tuyén vét tinh

Tinh quing 2
‘:) \

Dudi 2

Hinh 3. So d6 tuyén noi 1




Bin quing

==

Tuyén ndi 1

Tuyén tinh 1

Tuyén ndi 2

Tinh quing 1 Tuyén vét

Tuyén tinh 2

Tinh quing 2

Pudi 1

Tinh quing Cu Tuyén vét tinh

Dudi 2

Hinh 4. So do tuyén noi 2

*Ché d¢ thuoc tuyen:

+ Tuyén ndi 1: CaO/dextrin: 1000/200 (g/t); Butylxantat/dithiophosphat: 10/10g/t; Dau théng: 10 g/t
+ Tuyén ndi 2: Butylxantat/dithiophosphat: 20/20 (g/t); Dau théng: 10 g/t

+ Tuyén tinh 1: Dextrin/thuy tinh long 50/50 (g/t)

+ Tuyén tinh 2: Dextrin/thuy tinh long 50/50 (g/t)

+ Tuyén vét: Butylxantat/dithiophosphat: 20/20 (g/t); Dau théng: 10 g/t

Két qua thi nghiém thé hién & Bang 3 va 4.

Bang 3. Két qua tuyén so do 1

San pham Thu hoach (%) Ham lwong Cu (%) | Thuc thu Cu (%)
Tinh quing 1 2,14 26,51 68,81
Tinh quing 2 1,11 17,09 23,01
Puoi 1 94,76 0,05 5,75
Puodi 2 1,99 1,01 2,44
Tong tinh qugng Cu 3,25 23,29 91,82
Tong dudi thdi 96,75 0,07 8,18
Quing dau 100,00 0,80 100,00

Bang 4. Két qua tuyén so do 2

San pham

Thu hoach (%)

Ham luwong Cu (%)

Thuc thu Cu (%)

Tinh quang 1 2,12 27,04 71,97
Tinh quang 2 0,98 16,76 20,62
Puoi 1 93,98 0,06 7,08
Puoi 2 2,92 0,09 0,33
Tong tinh qugng Cu 3,10 23,79 92,59
Tong dudi thdi 96,90 0,06 7,41
Quing dau 100,00 0,80 100,00

Tir két qua thé hién trong Bing 3 va 4 cho thdy: Két qua tuyen ¢ ca hai so do déu cho ra tinh quing dong
dat ham luong >23%, thu:c thu tinh quang >91,5%, trong do két qua tuyén theo so d6 2 thu dugc tinh quang
ham lugng va thuc thu déu cao hon, mat mat vao quang dudi it hon.

6. Két luan

- Sir dung hén hop cac thude tap hop trong tuyen ndi quang sunfua 1am tang ty 1€ thu hoi, ham luong
tinh quing, dac biét 1a 1am tang kha nang thu hdi cac hat trung gian, giam chi phi tuyén. Két qua tuyén phu
thuoc vao céach thirc hdn hop thuc duogc sir dung.

- Trong cdng nghé cac nha may tuyén dong trén thé gisi thuong ap dung ché do sir dung hdn hop thude
tap hop. Xantat thuong la thudc tap hop chinh va thudc tap hop phu bao gom nhiéu ching loai khac nhau
nhu ditiophosphat, xantogen format, thionocarbamat, xanthic ester va mercaptobenzothiazole.

- Két qua thir nghiém tuyén ndi mau quing dong Ta Phoi sir dung phdi hop thude tap hop va phdi hop
thudc dé chim: butylxantat + dithiophosphat, CaO + dextrin va dextrin + thiy tinh long thu dugc tinh quang



ddng dat chi tiéu ham lugng >23% Cu, thyuc thu >91,5%. Mat mat ddng vao quing dudi 0,06 - 0,07%.
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ABSTRACT

The using of mixed collectors in the flotation of sulphide copper ore

Nhu Thi Kim Dung™?", Vu Thi Chinh®?, Pham Thi Nhung'?, Le Viet Hal?
'Hanoi University of Mining and Geology
2Research Group Advanced Technologies in Mineral Processing and Recycling (MinPro)

In the copper beneficiation plants worldwide the mixture of collectors as well as of depressants are
always used. Xanthate is usually the main collector and the secondary collectors are from dithiophosphates,
xanthogen formates, xanthic esters and mercaptobenzothiazole. The organic polymers, in particularly
dextrin, are used in several plants as the depressant of pyrite/pyrrhotite in the copper flotation. In some
copper ore that contains the hydrophobic gangue as talc, chlorite... the carboxymethylcellulose (CMC) is
used as effective depressant of these minerals. The waterglass is also the good quartz depressant in the
flotation of sulphide copper ore. This paper presents the collectors, depressants and its combination use in
the sulphide copper flotation in general. In the paper also are presented the research results of the flotation
of Ta Phoi - Lao Cai copper ore sample in which the collector mixture of xanthate, dithiophosphate and
AP2, the depressent mixture of waterglass and dextrin are used. The test results show that from the feed ore
of 0,8% Cu is received the copper concentrate assayed above 23% Cu with the recovery more than 91%.

Keywords: collector mixture, depressant, flotation, concentrate
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Thuc té xir Iy bun d6 tai cac nha may alumin trén thé gioi
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TOM TAT

Buin d6 12 san pham thai trong qua trinh san xuat alumin bang quy trinh Bayer véi san lugng hang nam trén
toan cau vao khoang 170 trigu tan. Bun do duoc danh gia la chét thai nguy hai, do dé viéc bao quan va luu
trir bun do rat nghiém ngat va dam bao cac quy chuan an toan, nén chi phi cho viéc luu trit bun do tén kém.
Ngay nay, cdng nghé thai uét hau nhu khong duoc cac nha may alumin trén thé gioi ap dung. Ma thay vao
d6 1a cong nghé thai khd c6 mirc 6 an toan cho méi trudng va hd dap cao hon, dong thoi giam dién tich
sir dung dat dé luu trit bun d6. Ngoai ra, trong bun d6 con chira nhiéu nguyén té va cac hop chat cé gia tri
nhu: Sc; dat hiém; Fe; Ti; Al; SiO; dolomit ... Vi vdy, bun d6 ciing 1 ngudn tai nguyén tiém ning dé thu
hdi cac nguyén té cé gia tri cho nganh luyén kim va cac chét phu gia cho nganh cong nghiép xi mang, gbm
su, Xy dung ... Bdo cao nay trinh bay cic phuong phap xur ly va tai sir dung bun dé dang duoc sir dung
hién nay trén thé gioi. Tir d6, d& xuat phuong phap xir Iy bun d6 phu hop cho didu kién Viét Nam, nham
thay thé phuong phép thai wét hién nay va gidp nganh céng nghiép nhém nude nha phét trién bén viing.

T khéa: Bun do; thu hdi st; thai kho; thai uét

1. Bun dé

Chat thai trong qua trinh san xuat alumina dugc goi 1a bun d6, 12 phan khong bi hoa tan trong qué trinh
san xuat alumina, c6 dic diém kich thudc hat min va do kiém cao. Hién nay, c6 khoang 80 nha may san
XUit alumin theo quy trinh Bayer dang hoat dong trén thé gidi, trong d6 ¢6 khoang 30 nha may & Trung
Qudc, 08 nha may ¢ Chau Au, 06 nha may & Uc, 06 nha may & Nam My, 07 nha may & An Do, 03 nha méay
& Jamaica, 02 nha may ¢ Biac My, 04 nha may & Nga cing vai cac nha may khac ¢ Azerbaijan, Iran,
Kazakhstan, Malaysia, Philippines, A Rap Xé& Ut, Han Quéc, Pai Loan, Thé Nhi Ky, Ukraine, Cac Tiéu
vuong qudc A Rap Théng nhit va Viét Nam. Dya trén dit liéu san xuit nam 2020 (World Aluminium), uéc
tinh c6 khoang 170 triéu tan bun d6 duoc tao ra hang nam va mirc d6 ngdy cang ting, do nhu ciu nhdm
kim loai duoc dy doan tiép tuc tang trong thoi gian t6i. Ngoai cac nha may dang hoat dong trén, con c6 it
nhét 50 nha may khéac da dong ctra, do d6 téng lwong bun do tai cac dia diém dang hoat dong va déng cira
woc tinh 18n t6i hon 4 ty tin (K. Evans; 2016). Trong d6, khoang 85% bun d6 dugc luu gitr trong cac hd
chtra gan nha may alumina. (World Aluminium)

Thanh phan chinh ciia bun do 13 hematit (Fe;Os), canxit (CaCOs), cancrinit (NasCaAlsSis(CO3)024.2H,0),
hydrogarnet (CaaAIFe(S|O4)(OH)8) tricanxi aluminat (C83A|2(OH)12) va sodalite ((NasAleSisO24) (2NaX hoac
NazX)). Bun do c6 do kiém va o man cao, chira nhidu nguyén to kim loai nang nhu asen (As), chi (Pb) kém
(Zn), ddng (Cu), niken (Ni), crom (Cr), vanadi (V). D6 médn va do kiém ciia bun d6 c6 thé anh huong dén su phat
trién cua thyuc vat va dan dén suy giam chét lugng dat. Sy ro ri hogc tran bun do s& giai phéng cac nguyén té vi
lugng ¢6 tinh oxy hoé nhu Cr, molypden (Mo) va V. Céc chat gay 6 nhidm nay c6 kha ning hoa tan manh trong
diéu kién pH cao (pH cua bin do). N6i chung, hd bun do 1a mot bé chira chat gay 6 nhiém. (Sripriya Rajendran;
2023)

Bun d6 chiém nhiéu di¢n tich dat dé luu trit va tao ra céc rui ro tiém tang doi véi moi truong xung quanh.
Céc hd chira bun d6 khong dugc 16t hogc 16t khong thich hop ¢6 thé gy ra sy tham thau hogc tran nudc
thai, din dén 6 nhiém nuéc ngam va dat. Ngoal ra, néu v& dap con lam hu hong co so ha ting va gay 6
nhiém méi truong. Vi du, vu v dap tham khéc tai ho chira bun do & Ajkai Timfoldgyar Zrt, Hungary da
thai 0,7 -1 triéu m® bun d6 vao séng Torna, khién nhiéu nguoi thiét mang va dat, nudc bi 6 nhidm nghiém
trong. (Sripriya Rajendran; 2023)

Khdi luorng bun d6 sinh ra trong qua trinh san xuét alumin tir quang tinh bauxit phu thudc vao céng nghé
cua nha may alumin, loai khoang vat trong quang tinh (gibbsit, boehmite hodc diaspore) va ham lugng

*Tac gia lién h¢
Email: phamvanluan@humg.edu.vn
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Al,Oz trong quang tinh. Hé s6 bun dé duoc biéu thi bang khdi lugng bun do khd so khdi lwong alumin dugc
san xuét, thong thudng hé nay nam trong pham vi tir 0,7 — 2, v6i muc trung binh trong nganh vao khoang
1,234 (thuc té tai 02 nha may alumin cia TKV hé sé ndy nam trong khoang 0,7 — 0,9). Hinh 1, biéu dién
san lwong nhdm kim loai so cap va bin d6 hang nam trong qua khi va du kién dén nam 2050. (International
Aluminium Institute; 2021)
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Hinh 1. San lirong nhdm kim logi so' cap va bin do hang ndm

Nhitng nguyén té chinh trong bun d6 2 sit, titan, silic, nhém, natri va canxi. Bé don gian cac nguyén té
ndy dugc biéu dién dudi dang oxit. Vi du, ham lugng nhdm cua bét ky khoang vat nao déu dugc bicu dién
¢ dang Al2Os. Tuy nhién, trong thuc té nhom ton tai trong nhiéu khoang vt ¢6 trong bun do, mot khoang
vt trong bun do ciing ¢6 thé chira nhiéu nguyén t5. Canxi chu yéu cé ngudn géc tir viéc bd sung voi vao
quy trinh Bayer va hién dién dudi dang nhiéu hop chit chira canxi nhu canxit, tri-canxi aluminat (TCA) va
trong mot s trudng hop 1a canxi oxalat. Ngoai ra, trong bun d6 con chira mot s6 nguyén té khac nhur:
scandium, thori, gali ... thanh phan nay thay di tuy thuoc theo ngudn géc quang bauxit. Thanh phan phan
hoa hoc va khoang vit dién hinh ciia bun d6 dugc cho ¢ Bang 1 va 2, thanh phan bun do ciia Cong ty Nhém
Dik Nong va Lam Dong cho & bang 3.

Bang 1. Thanh phan hoa hoc dién hinh trong bin dé
(Sripriya Rajendran; 2023; Benny E. Raahauge; 2022)

TT | Hop chat Ty 18, %
1 | Fe,03 5-60
2 | ALO; 5-30
3 | SiO, 3-50
4 | TiO, 03-15
5 | Na,O 1-10
6 | CaO 2-14

Thanh phan héa hoc chinh caa bun dé 1a SiO, TiO2, Al,Os, Fe203, Ca0 va Na0. Cac thanh phan nay
chiém 69,5% dén 98,3% tong khdi lugng ciia bun d6. Na cha yéu cé nguon goc tir natri hydroxit (NaOH),
thém vao dé xu ly bauxite. Trong khi Al, Si, Fe, Ti va cac nguyén té khac c6 nguon goc tir quang bauxite.
Céc thanh phan thir cap 1a K,0, MgO, P,0s, MnO, Cr,0; va SOs. Céc pha khoang chinh bao gom thach
anh (SiOy), canxit (CaCO3), dolomit (CaMg(CO:s),), hematit (Fe,O3), hydrogarnet (CazAl2(SiO4)2(0OH)J),
sodalite (Nag(AleSisO24)Ci2) , anhydrite (CaSOs), cancrinite (NagCaz[(CO3)2Al6Sis024]2H,0), va gibbsite
(Al(OH)3). Benny E. Raahauge; 2022)



Bang 2. Thanh phan khoang vdt dién hinh trong bim do
(Sripriya Rajendran; 2023; Benny E. Raahauge; 2022)

TT Khoang vat Ty 1€, %
1 | Sodalite (3Na;0.3A1,03.6S10,. NaySO4) 4-40
2 | Goethite (FeOOH) 10 -30
3 Hematite (Fe,03) 10 -30
4 | Manhetite (Fe304) 0-8
5 | Thach anh (SiO») tinh thé va v dinh hinh 3-20
6 | Calcium aluminate (3Ca0.AL,03.6H,0) 2-20
7 | Boehmite (AIOOH) 0-20
8 | Titan oxit (TiO,) anatase va rutile 0-15
9 Muscovite (K20.3A1203.6Si02.2H20) 0-15
10 | Calcite (CaCO3) 2-20
11 | Cao lanh (Al,0;3. 2Si0,.2H,0) 0-5
12 | Gibbsite (Al(OH)3) 0-5
13 | Perovskite (CaTiO3) 0-12
14 | Cancrinite (Nae[ Al6Sic024].2CaCO3) 0-50
15 | Diaspore (AIOOH) 0-5

Bang 3. Thanh phan hod hoc trong bin do cua Cong ty Nhém Lam Pong va Pak Nong
(Cong ty Nhom Lam Pong va Dak Nong)

) Ty 18 (%)
T Hop chat Lam Dong D&k Nong
| Fer0s 46,41 46,32
2 [ ALO: 16,91 17,56
3 [si0; 6,62 6,72
4 | T, 5.48 7,20
5 | NaxO 5,06 5,43
6 | CaO 4,48 5,20

Ham luong SiO; trong bun dé dao dong tir 3% dén 50%. SiO, thu dugc tir cao lanh (Al;Si,03(OH),)
trong quang bauxite trong qua trmh tinh ché alumina va ton tai ¢ dang hydrophane (SiO2nH,0) va natri
silicat (Na2SiO3). Fe ton tai chu yeu ¢ dang Fe(OH)s, day la san pham oxy héa va hydrat hoa cua FeS; trong
quang bauxite. Fe(OH)s khong 6n dinh trong diéu kién kiém manh va nhiét do cao, dé chuyen thanh goethite
(FeOOH). Trong bun d6 twoi Fe(OH)3 v FeOOH c6 thé cung ton tai, FeO c6 thé tn tai & dang siderit
(FeCOs). Ham luong AlOj3 trong bun do dao dong tir 5% dén 30,0%, Al,O3 thuong ton tai & hai dang 1a
NaAlO, va Al(OH)s trong diéu kién kiém manh. Ham luong CaO dao dong tir 2% dén 14% va CaO thuong
tao thanh aragonit (CaCO3) hoic canxit (CaCO3). CaCOj c6 thé ling dong va két tinh sau khi dua voi sbng
(Ca0) va carbon dioxide (CO,) vao trong qué trinh san xuat alumina. Ham lugng NazO trong bin d6 dao
dong tir 1% dén 10% va ton tai trong dung dich 15 réng dudi dang Na* ty do. Ngoai ra, mot loat can mudbi
hoic san pham keo nhu Na,CO3, NaHCOs, Na,SiOs va NaAlO, duoc hinh thanh trong qua trinh hat am.
Ham luong Ti,0 dao dong tir 0,3% dén 15,0%. Ti,O ton tai dudi dang rutile va anatase trong quang bauxite.

Trong bun doé cling chia nhiéu cac nguyén t6 vi lugng khac nhu: asen, berili, cadmium, crom, dong,
gali, chi, mangan, thay ngan, niken, kali, thori, uranium, vanadi, kém va nguyén t dat hiém. Trong d6, mot
s6 nguyén té khong bi hoa tan va bién d6i trong qué trinh Bayer, con mét s6 nguyén té bi hoa tan va ton tai
trong dung dich hoac két tia trong bun do.

Cac nguyén t6 phi kim loai ciing duoc tim thdy trong bun do bao gom phdt pho va luu huynh. Nhiéu loai
vat liéu va hop chét hiru co (carbon) ciing cling c6 mét trong bun do. Cac hop chat hiru co bao gom
carbohydrate, rugu, phenol va mudi natri cua axit polybasic va hydroxy. Ngoai ra, bun do cling chura dau
vét cua cac chit phu gia hiru co trong qué trinh 1dng loc nhu chat tro ling va chat chéng tao bot.

Pha léng trong bun d6 chira natri hydroxit (x(t), natri aluminat va cac hop chat natri khéc lién két voi
chat rén con sot lai. Cac nha may alumina ludn cb gang thu hoi t6i da xut tir bun d6 dé tai sir dung trong
nha may. Hiéu qua cta qua trinh thu hdi xat phu thudc vao: qué trinh rira va phan tach pha long - ran, dic
tinh ciia quang bauxite va ché do cong nghé cua nha may. Theo thoi gian, natri hydroxit va aluminate (cing
v6i cac mudi hydroxy khéc), bi trung hoa mot phan bai CO, tir khong khi dé tao thanh natri va cac cacbonat
khéc, dan dén d6 pH thap hon va giam rii ro cho con ngudi va méi truong.

Quing bauxite c6 ham lugng “vat liéu phdng xa tw nhién” (NORMs) rat thap, do quang bauxite chia
cha yéu 238U va 22Th c6 muc phéng xa rat thip, bang hoac thap hon muc xuét hién ty nhién ¢ nhiéu khu



vuc trén thé gigi.

Tinh chét vat ly cia bun do phu thudc vao loai quang bauxit, diéu kién nghién va quy trinh cong nghé
cu thé cua tirng nha may alumin. Tuy nhién, bun d6 lun c6 tinh chat vat ly chung Ia ¢& hat min c6 thé kho
hoic dinh bét nhu dat sét. Trong bun dé thuong chira dang ké céc hat tho (kich thudc I6n hon 100 pum) duoc
goi 1a “cat” va nhirng hat min hon dwoc goi 1a “bun”. B¢ thim cua bun do ty 1¢ thuan véi lugng “bun” trong
bun d6. Bun d6 & Tay Uc ¢6 ham luong “cat” dac biét cao, mot sd truong hop trén 50%.

Bun d6 co6 dac tinh thixotropic, c6 nghia la khong linh d¢ong tu chay khi yén tinh, nhung tr& nén linh
d6ng hon khi bi rung dong hoic khuay tron. Day 1a tinh chat quan trong trong viéc tach bun d6 ra khoi dung
dich, cling nhu viéc van Chuyen ling dong va nén chat bun do.

Ngoai ra, mot tinh chét vat ly nita anh hudng dén viéc xur 1y bun dé 1a ndng dé pha ran caa bun do, duoc
biéu di&n bang phan tram khdi lwong pha rin trén khdi luong bun do (%) hodc gam trén lit (g/L). Nong do
pha rin ting d6 nhot ciia bun do ting theo cAp s6 nhan. Khi nong d6 pha rén trén 50% bun d6 khé bom va
kh6 van chuyén.

Nhu vay, bun d6 ¢6 3 tinh chat vat ly quan trong la: cap hat min; thixotropic va néng do pha ran. Mdi
loai bun d6 khac nhau déu cd nhirng tinh chat trén khac nhau nén cac quéa trinh xir Iy cac loai bun do khac
nhau ciing can khac nhau.

2. Thuc té xir Iy bun dé trén thé giéi
2.1. Rira va trung hoa

Cong nghé lang rira bin dé trong nha may alumin

Viéc rira bun do dé thu hdi xat va trung hoa bun do6 thuong dugc két hop bang cach rira (bang nudc hoidc
dung dich c6 lugng xut thap hon) véi qué trinh tach pha ran — long. Ngay nay, cong nghé rira két hop véi
¢b dic da co nhiéu cai tién va thuong st dung hé théng may loc tée d6 cao dé ling dong va rira bun dé nhu:
bé siéu c6 dic, bé ling sau hinh con, méy loc chan khdng dang dia, may loc ép khung ban ... Nhiing tién
b6 nay di 1am ting hiéu qua thu hdi xt va hiéu qua kinh té ting tir 20 dén 75% so véi hé théng ling loc
nhiéu budng nhu trudc kia.

Hién nay, cong ngh¢ “rira nguoc dong” 1a cdng ngh¢ chinh dé thu hoi xdt va rira bun do sinh ra trong
cac nha may san xuat alumin bang qua trinh Bayer. Trong d6 pha ran chay qua mot loat bé theo hudng
nguoc lai voi dong nuéc rira (xem hinh 2). Trong ting bé pha ran duoc ling dong xudng dudi va thoat ra
theo dong bén dudi cua bé, con dung dich di 1én va thao theo dong tran trén mat bé. O bé lang cudi cing
trong chudi bé lang, bun can c6 mat do cao (thuong >40% chat rin) va dung dich c6 nong do xut thap.
Nguoc lai, & dau kia dung dich c6 nong do xut cao va nude tran c6 ham luong ran <1 g/L.

NUGC TRAN —
BUN CAN NUGC RUA
MOI
B RUA 1 RUA 2 RUA 3 RUA 4 RUA 5 RUA 6
NUGC XUT
CAN RUA BUN DO
(THAD)

Hinh 2. So dé cong nghé rira bim dé nguroc dong

Cong nghé lang rira nguoc dong c6 thé tao ra bun can trudc khi thai ra hd bun do c6 ndng do pha ran toi
da vao khoang 50%. Tuy nhién, nong do nay thay d6i d6i véi timg loai bun, cong nghé rira va bom ...

Trung hoa kiém tai ho bun do

Kiém tai hd bun do phan ung theo thai gian vai khi CO2 trong khi quyén hodc hoa tan trong nuée mua,
chuyén dbi NaOH thanh Na,COs va lam giam d6 pH cia bun d6. Qué trinh nay dién ra rat cham do tinh
khong tham nudc chung cua bun d6. Bé ddy nhanh phan wng nay c6 thé cho bun d6 tiép xdc truc véi khi
CO, trong khi quyén. Vi du, nha may alumin Aughinish cua UC RUSAL ¢ Ireland di lién tuc dao cian tai
hd dé day nhanh qua trinh cachonat héa NaOH.

Mot s6 nha méay alumin sir dung axit (H2SO4 hodc HCI) hoic khi CO, dam dic, khi SO, va nudc bién dé
trung hoa x(t va cac chat kiém trén bé mat cia hd bun do.

Viéc trung hoa bun do6 gidp giam rui ro lién quan dén do pH cta bun do trong qua trinh Iuu trir bon tai
ho va tao diéu kign phuc hoi ho bun do sau khi dong cira. Qua trinh trung hoa phirc tap va ton kém, tuy
thudc vao vi tri ciia nha méay alumin, mirc do gan bién, gan nguon khi CO, (hoac khi thai)... ma st dung
phuong phap trung hoa bun dé phu hgp.



2.2. Phwong phap ling dong va ¢ két bun dé

Chi mét ty 1& nho bin do dugc tai s dung, con lai phan Ién duoc luu trit tai hd chira. Cac quy trinh duoc
sir dung dé xur 1y va luu trit bun d6 dwoc xac dinh boi cac yéu t6 nhw tudi ciia nha may alumin, dat dai sin
c6, vi tri dia ly, dia hinh dia phuong, khi hau, tinh chét cia bun d6 va cac quy dinh cua phép luat. Sau vu
V& dap hd chira bun do tai nha méy alumin Ajka, hau hét cac nha may alumin trén thé gisi da sir dung
phuong phép thai kho thay cho thai uét. Su phat trlen cua cong nghé thai bun do tur ndng do pha rin thap
dén ndng do cao va hién nay la banh loc c6 nong d6 ran rat cao cho & hinh 3.

- Thai bun ra cira song/bién hogc vao hd thai: Nong do bun do trong truong hop ndy nam trong khoang
25-30 % va dwoc bom dén vi tri d6 thai. Nhimg nha may alumin dau tién thudng thai bun ra cia séng/bién,
nhung ngay nay hoat dong ndy hau nhu da bi loai bo. Thay vao do, bun do duoc thai ra cac "hd chua" dé
chira khdi lwong 16n bun ¢6 mat d6 thap. Chiéu cao caa dap phai cao hon mic bun trong hd (hinh 4).

- Xép kho: Bun d6 sau qué trinh rita duoc ling dong dén néng d6 45-65%, sau d6 bun duoc bom dén hd
thai. Tai hd thai, st dung cac may chuyén dung (Amphirol) dé tiép tuc tach nudc ra khoi bun do, khi bun
dén ndng do ran trén 70% ding cac thiét bi lu nen va san phang bun dé chuén bi db 16p tiép theo (hinh 5).

- Luru trir kho: Bun duoc ling va loc dén ndng do chét rén cao hon 70-80%, day 1a cong nghé dugc cac
nha may alumin quan tdm nhét hién nay, nham kéo dai tudi tho cua cac khu vuc luu trit bun do (hinh 6).

- Bim dwoe ling dong vi loc
den nong d6 pha ran 70 —
80 % rin:

- Bin chuyén dén bhd thai
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may alumin ¢ Jamaica (International Aluminium Institute; 2021)

Hinh 4. Anh biin d@6 va phwong phdp thai wét tai Binh Quéc, tinh Quang Tay, Trung Qudc.

Hinh 5. Ank do thai (trai) va dang may Amphirol (phdi) dé thai bin do theo phirong phdp xép kho tai nha



Hinh 6. Ba loc biin do (trai) va xe ui (phdi) trong phwong phdp leu trit khé bin do tai Trung Quac
(International Aluminium Institute; 2021)

2.3. Téi sir dung bun dé6

Téi st dung bun d6 la myc tiéu cua nganh céng nghiép alumina trong hon mot thé ky nhung bat chip
hang ngan thir nghiém, viéc xac dinh hang chuc cong dung kha thi vé mat ky thuat, nhung chi c6 khoang
bén tridu tin mdi nam trong sb 170 tridu tan bun doé dugc tai sir dung c6 hiéu qua. Thach thic van 1a tim ra
nhitng g dung kha thi v& mit kinh té cho san pham tao ra tir bun do. Nhiing ¢ng dung thanh cong nhét
trén quy mo 16n bao gom san xuat xi ming, nguyén liéu thé dé san xuat sat va thép, san xuét vat liéu xay
dyng, phua bai chén lap, xay dung duong bé va cai tao dat. (Benny E. Raahauge; 2022)

Hién nay, bun do duoc nhiéu qudc gia khuyén khich va dau tu cho cac nghién ctu tai sir dung, dong thoi
nhiéu thiét bi, cong nghé da dugc cai tién nhu: cac loai may loc cho ra b loc c6 d6 am thap hon nén c6 thu
hdi xut cao hon; cac loai may tuyén tir cuong d6 cao cho phép thu hdi sat hiéu qua hon tir bun do. Ngoai
ra, nhu cau vé scandium va cac nguyén t dat hiém ngay cang tang. Pay chinh 1a nhiing co hdi I6n cho viéc
nghién ctru phét trién va trién khai céc (ng dung tir bun d6. Tuy nhién, bun do6 tir cac loai quang bauxit
khéc nhau rat khac nhau vé thanh phan, khoang vat hoc va kich thudc hat nén cé hanh vi kha khac nhau.
Do d6, chling s& c6 cac dac diém xu ly khac nhau rat nhiéu, vi vay kho c6 thé dua ra quy trinh tiéu chuan
dé xir 1y bun do cho cac nha may alumin.

Céc ung dung tiém ning cho cin bauxit c6 thé dugc chia thanh ndm loai:

- Thu hdi cé&c thanh phan cu thé cé trong bun doé nhu sét, titan, nhém, lanthanide, scandium, ytri va gali
(K. Evans; 2016, E. Erca; 1999, C.R. Borra; 2016, R.K. Paramguru; 2005);

- Str dung lam thanh phan chinh trong san xuat san pham/vat liéu khac nhu xi mang (P.E. Tsakiridis ;
2004, Y. Pontikes, 2013);

- Sir dung lam thanh phan trong vat liéu xay dung hoic xay dung nhu bé tong, gach, vat liéu cach nhiét,
gach (R.K. Paramguru; 2005);

- Sir dung cho cac dic tinh cu thé nhu cai tao dat hodc phu bai chon lap réac thai (K. Evans; 2016, C.
Klauber; 2011);

- Chuyén d6i bun do thanh vat liéu hitu ich bang cach bién ddi cac hop chét c6 trong d6, nhu quy trinh
Virotec (D. McConchie; 2000).

Uc tinh hang nam tir 3,4 — 5,3 triéu bun d6 dugc xu ly cho nhitng tng dung sau (K. Evans; 2016):

- Xi mang tir 2.200.000 dén 2.700.000 tin;

- Nguyén liéu thd/phu gia trong san xuét sit va thép tir 800.000 dén 1.500.000 tan;

- Budng bo/phi bai chon lap rac/cai tao dat tir 250.000 dén 500.000 tan;

- Vit ligu xay dung (gach, ngdi, gém su, v.v.) tir 1.000.000 dén 1.400.000 tan;

- Gém thay tinh, sgi thay tinh tir 100.000 dén 120.000 tan

- Khac (vat liéu chiu lira, vat liéu hap phy, chét xuc tac, v.v.) khoang 300.000 tan.

3. Phuong phap thu hdi quing tinh sit tir bun dé

Quy trinh cdng nghé thu hoi quang tinh sat két hop véi thai kho bin do dwoc st dung pho bién tai Trung
Qubc, dac biét dbi v6i bun do co ham lugng oxit sét cao (trén 35%) tuong ty nhu ham lugng oxit sat trong
bun do tai cac nha may alumin tai khu vuc Tay Nguyén. Ngoai ra, quy trinh cong ngh¢ nay don gidn va kha
nang co chi phi thap hon so véi cac quy trinh cong ngh¢ khac. Do vay, tap thé tac gia chon cong nghé thu
hol quing tinh sit va thai kho bun dé lam cong nghé dién hinh dé trinh bay trong béo co nay, nhim cung
cép cho doc gia mot trong nhitng phwong phap kha thi nhat dé xir 1y bun do tai Viét Nam.

Bun d6 tir c4c nha may alumin Quang Tay va Son Pdng c6 ham lugng oxit sit cao (>35%), da dugc sir



dung cng nghé tuyén trong luc va tuyén tir nhu hinh 7 dé thu hdi quang tinh sit c ham luong 52 — 54%
Fe voi thu hoach vao khoang 30%, con 70 % bun do duogc thai ra ho theo phuong phap xép chong. Hang
nam, Trung Quaoc thu hoi tir 800.000 — 1.000.000 tan quang tinh sat tir bun do. (Benny E. Raahauge; 2022)
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Hinh 7. So do6 cong nghé tuyén thu hoi quéang tinh sdt tir bin dé va thdi khé bin do

So d6 cong ngh¢ tuyen nhu hinh 7 bao gom: 03 khau tuyen trong luc bang xiclon duong kinh 100 mm,
02 khéu tuyen tir bang ‘may tuyén tir cuong do cao dén 1,5 Tesla (Slon — magnetic separator) va 01 khau
tuyén tir bang may tuyén tur cuong do thap (tang tréng). So dd hinh 7, chi thu duoc quang tinh sit c6 ham
lwong 52 — 54 % Fe va chira nhiéu tap chat Al,Oz va c6 d6 kiém cao nén s& kho tiéu thu trén thi truong.

Cong nghé thu hdi 30% quang tinh st co ham lugng 52 — 54% Fe da dugc 4p dung vao thyc té tai mot
s6 nha may alumin tai Trung Qudc. Do d, c6 tinh thyc té va kha thi vé mit kinh té - ky thuat, dong thoi
cong nghé don gian, dé van hanh, chi phi dau tu va van hanh thap cé thé thap hon so v6i nhitng cong nghé
khac (vat licu xay dung, gom, str ..). Tuy nhién, cdng ngh¢ nay khong thu hoi triét dé dugc cac san pham
c6 ich tir bun do6 va van phai xay dung ho dé chira bun sau tuyén. Dé co thé ap dung cong nghé nay cho
thuc té tai Viét Nam can c6 thi nghiém & nhiéu quy mé cho déi tugng bun do tai Viét Nam.

4. Thyc té va dinh hwéng xir Iy bun dé tai Viét Nam
4.1. Thuyc té xir Iy bun do tai Vigt Nam

Hién nay, bun do dugc cic Cong ty Nhom Dak Nong va Lam Dong luu trit tai cac ho thai theo phuong
phap thai u6t. Phuong an chira bun thai tai cac hd thai c6 uu diém la cong ngh¢ don gian va chi phi dau tu
thap Nhung ¢6 nhiéu nhuoc diém: Nguy co gdy mét an toan va 6 nhiém méi truong; ton dién tich s dung
dat; lang phi tai nguyén .

Theo thyc té san xuét, lucmg bun do cac Cong ty thai ra hang nam vao khoang 550.000 tan (1 triéu m?
bun d6). Viéc xay dung cac hd thai chira bun dé tén kém va thoi gian st dung ngan, thong thuong dé xay
dung mot hd chira bun dé cho Cong ty str dung 3-4 nam mat khoang 200 dén 300 ty ddng. Dién tich quy
hoach 1am ho thai bun d6 cho mdi Cong ty vao khoang 80 ha, nhung theo ning suat hién nay du kién dén



nam 2035 — 2040 cac [16 bun do sé day. Do véy, Viét Nam can nghién ctru dé sdm dwa ra phuong an xu 1y
bun do phu hop voi diéu kién Viét Nam nham phat trién bén vitng nganh cong nghi¢p Nhom.
4.2. Pinh hwéng xir Iy bun dé tai Viét Nam

Nhur da phan tich ¢ trén, dé phat trién bén virng nganh cong nghiép Nhém cua Viét Nam va dap ang nhu
ciu tang cong suat cia cac nha may Alumin. Viét Nam nhat thiét phai thay thé cong nghé¢ thai bun do theo
phuong phép wét hién nay bang cac phuwong phap t6i ru hon nhu thai kho (xép chong) hoac Iuu trit kho.

Theo bang 3, ham lugng sat oxit trong bun do ciia Cong ty Nhom Dik Nong va Lam Pong déu trén 45%
Fe,0s, tuong g Vi mot sé nha may alumin tai Trung Qudc dang sir dung cong nghé thu hdi quang tinh
sat va thai kho bun do6. Néu &p dung thanh céng cong nghé nay lugng bun d6 hang ndm s€ giam di khoang

30%, dong thoi ap dung phuong phép thai kho s€ lam giam déng ké dién tich ho thai, tang tudi tho cho hod
thai va giam thiéu nguy co gy 6 nhiém moi truong. Tuy nhién, do quang tinh st c6 ham luong thap 1an
nhiéu tap chat 6 hai va cung duong van chuyén quang tinh st dén noi tiéu thu qué xa la nhirng van d& bat
lgi cho cac Cong ty. Do vay, can phai tinh toan giita 02 phuong an xir Iy bun do: (1) thu hoi quang tinh sat
va thai kho bun d6 va (2) thai kho bun do.

5. Két luan

Buin d6 dwoc xép vao loai chét thai nguy hai nén viéc luu trir va bao quan rt nghiém ngat va ton kém.
Phuong phép thai wét nhu cac nha méay alumin tai Viét Nam hién nay hau nhu khong duoc cac nha may
alumin trén thé gisi 4p dung. Ma thay vao d6 la phuong phap thai khd c6 tinh an toan cao hon va chiém it
dién tich hé thai hon.

Tuy c6 nhiéu nghién ciru vé tai sir dung bun do trén thé gisi, nhung hang nim chi c6 khoang 3,4 triéu
tan dén 5,3 triéu tin bun do trén thé gisi duoc tai su dung. Van dé 16n nhét cua viéc tai su dung bin do 1a
tinh kha thi v& kinh té, thong thudng cac co st luu trit bun do nam xa cac ho tiéu thu nhu xi ming, gang
thép ... nén ciing 1a bat loi khi tiéu thu cac san pham tir bun do.

Hién nay, nhiéu nha may alumin tai Trung Quéc da &p dung cong nghé thu hdi quing tinh sit va thai
khé bun d6. Cong nghé nay cho phép thu hdi dugc 30% quang tinh sit ¢6 ham lugng 52 — 54% Fe tir ban
do, con lai 70% bun do duoc thai kho.

Bun do tai Viét Nam cling c6 ham lugng sat oxit cao (twong ty nhu cua Trung Quéc) nén hoan toan c6
thé ap dung cdng nghé thu hdi quang tinh sit va thai kho dé xir Iy bun do. Tuy nhién, [quang tinh st thu
dugc tir bun do c6 ham lugng thap, 1an nhiéu tap chét c6 hai va cung duong van chuyén dén noi tiéu thu
qua xa la nhirng vin dé¢ dang quan tam khi dau tu xuong tuyén bun do dé thu héi quang tinh sat. Do vay,
cac Cong ty Nhom tai Viét Nam can so sénh giira 02 phuong 4n xur 1y bun do: (1) thu hdi quang tinh st va
thai kho bun do va (2) thai kho bun do.

Loi cam on

Tap thé tac gia xin tran trong cam on ldnh dao va phong k¥ thuat ciia Cong ty TNHH Nhom Lam Bong,
Cong ty Nhom Dik Nong va Bé tai “Nghién ciru hoan thién cdng nghé trung hoa quing bauxit pha hop véi
diéu kién phan b khoang sang va té chac khai thac khu vic Tay Nguyén” (Dé tai ma sé: KC.01. P05-
22/21-25) da tao diéu kién vé co sd vat chit va kinh phi dé phéi hop véi cac nhém hoan thanh noi dung va
muc tiéu dat ra cia dé tai va co sé dit liéu va phuong phap nghién ciru trong bai bao nay.
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ABSTRACT
Actual treatment of Red Mud in Alumina Plants Worldwide
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Red mud is a waste product generated during alumina production using the Bayer process, with an annual
global output of approximately 170 million tons. The storage and preservation of red mud, which is
considered hazardous waste, is strictly regulated to meet safety standards, making it costly to store.
Nowadays, alumina plants worldwide rarely use wet disposal technology. Instead, dry disposal technology
is preferred due to its higher environmental safety and dam security, reducing the land area required for red
mud storage. In addition, red mud is a valuable resource for recovering valuable elements and compounds
such as Sc, rare earth elements, Fe, Ti, Al, SiO2, dolomite, and more. Therefore, red mud is also a potential
resource for recovering valuable elements for the metallurgical industry and additives for sectors like
cement, ceramics, and construction. This report presents the current methods of red mud treatment and
reuse worldwide. It presents suitable red mud treatment methods for Vietham's conditions to replace the
current wet disposal method and encourage the sustainable development of the domestic aluminum
industry.

Keyword: Red Mud; Recovery Iron Concentration; Dry Disposal; Wet Disposal
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NATURAL RESOURCES FOR
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Tong quan vé cdng nghé ché bién va sir dung than siéu sach
trén the gidi va trien vong ung dung ¢ Viét Nam
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2Nhém nghién cizu Cong nghé tién tién trong Ché bien khoang san va Tai ché (MinPro)

TOM TAT

Than 1a ngudn tai nguyén quan trong cho su phat trién kinh té. Thanh phan héa hoc cua than la cacbon,
hydro, luu huynh, oxy, nito, tro xi va d6 am. Viéc ché bién va sir dung than dan dén sy phat sinh céc cht
khi CO2, N2O, NOy, SO« va Hg, gay ra hién twong nong Ién toan cau, mua axit... Dé giam thiéu cac nguy
co trén, mot cong nghé ché bién sau than hién nay 1a san xuat than siéu sach. Pay 1a qua trinh san xuét than
c6 do tinh khiét cao, loai bo gan nhu triét dé cac thanh phan khoang vat khdng cé ich vai do tro tiéu chuan
nhé hon 0,25%, ham lugng S & muc rat thap. Hién nay c6 hai phuong phdp chinh dé ché bién than siéu
sach: (1) Phuong phép vat Iy va hda ly bao goém tuyen ndi, tuyén trong luc, tuyén tir - dién; (2) Phuong
phép héa hoc bao gdbm hoa tach axit — bazo, tach chiét dung méi. Than siéu sach c6 thé sir dung lam nhién
liéu d6t véi hidu sut cao cho cac dong co bt trong, tua bin khi, pin nhién liéu, dong co hang hai céng suét
lon hay diing Iam nguyén nhién li¢u dé khi hoa than. O Viét Nam, than siéu sach c6 thé dugc san xuét tir
ngu0n than cam chat lwong thap dang luu tai kho chura cua cac mo va xudng tuyén. San pham sau ché bién
c6 thé duoc tng dung trong san Xuat pin, san xuat khi tong hop tir cong nghé hda khi, san xuat phan bon,
san pham hoa hoc, tinh ché kim loai, khir d6c. San xuat than siéu sach khong chi ¢é ¥ nghia vé sir dung hop
ly tai nguyén khoang san, giam phat thai khi nha kinh, bao vé mdi truong ma con m¢é ra kha nang st dung
than nhu mot ngudn nguyén nhién liéu méi quan trong cho cugc séng. Bai bao trinh bay tong quan cac cong
nghé ché bién va str dung than siéu sach trén Thé giéi va trién vong ting dung d6i vai than cam & Viét Nam.

Tir khéa: than siéu sach, do tro, tuyén than, hoa tach than, than cam

1. Giéi thi¢u

Ngay nay, than nhién liéu dang duoc sir dung rong réi trén thé gisi. Theo t6 chirc World Nuclear Association,
khoang 26% nhu cau ning luong so cip duge dap tng bang than, trong do 37% la than dién. Viéc dbt than san
sinh ra khoang 15 ty tin CO, mdi nam. Céc nd luc sir dung than méa khong phat thai hay giam thiéu phét sinh khi
cacbon dioxit dang 14 thach thirc chinh cho viéc ché bién va sir dung loai nhién liéu nay. Cac cong nghé tién bo
hién nay Ia: thu giir va huu trit cacbon (CCS); thu hdi, st dung va luu trit cachon (CCUS); cdng nghé dbt than
hiéu suat cao — phat thai thip (HELE) sir dung c6ng nghé t6i han va siéu t6i han (USC); chu trinh hdn hop khi
héa tich hop (IGCC); dét tang s6i c6 &p suat (PFBC); khi hoa than (bao gém khi hda than ham 10 tai chd - UCG);
than siéu sach (UCC)... O mdi cdng nghé déu co6 cac wu diém, nhuoc diém va cic rao can cdng nghé, tuy nhién
théch thirc chung ctia ching nam & viéc thwong mai héa cong nghé.

Bén canh cac muyc dich nhién liéu (sir dung than mét cach truc tiép), cac tng dung phi nhién liéu cua
than (sir dung ham lwong C cao trong than) dang dan pho bién trong céc linh vuc cdng nghiép va dan dung.
Than siéu sach (UCC) la c6ng nghé xir Iy mai giup giam do tro xuong dudi 0,25% va ham lugng Iuu huynh
& muc rat thap Than siéu sach c6 thé dugc sir dung 1am ngudn cacbon cho nganh céng nghiép luyén silicon;
thay thé dau dé san xuit hoé chét, nguyén liéu thom (Jorjani va cong su, 2011a; Steel va cong su, 2001a);
san xuit nhién liéu bun than c6 thé thay thé qua trinh d6t dau trong dong co diesel (Nydick va cong su,
1987); san xuit than hoat tinh duing trong cac bo loc loc nudc, loc khdng khi; san xuét sgi cachon (vat liéu
gia cé cyc bén dung trong xay dung); ché tao cuc duong cacbon thay thé than cbc dau mo va dung 1am
nhién liéu cho cc cong nghé san xuat dién tién tién, chang han nhu d6t tryc tiép trong tuabin khi.

C6 it nhét hai cong nghé UCC dang duoc phat trién d6 1a phuong phéap vat Iy va phuong phap hoa hoc.
Thach thire d6i vai quy trinh ché bién than siéu sach do 1a kha nang thuwong mai hda, giam chi phi san xuat,
chi phi nang lugng va xir ly chét thai phét sinh trong qué trinh san xut.

*Tac gia lién h¢
Email: phamthanhhai@humg.edu.vn
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2. Cac trng dung cua than siéu sach
2.1. Nguon cacbon cho nganh cong nghiép luyén silicon

Silicon la nguyén li¢u thé quan trong cho cac linh vuc cdng nghiép hoa chat, san xuat hop kim va dién
tar. Silicon c¢6 do tinh khiét trén 95% duoc coi la silicon loai luyén kim va duoc san xuat bang cach cho vat
liéu giau silic phan tng véi vat liu giau cacbon ¢ nhiét d6 cao. Qua trinh xu ly tiép theo thuong dugc yéu
cau dé san xuat silicon vai do tinh khiét Si trén 99,9%, ng dung cho pin nang lugng mit troi va cac ang
dung dién tir. Phuong phap kha thi dé san xuat silicon la khir nhiét cac vat ligu giau silic (vi du, thach anh)
bang vat liéu khir cacbon (vi du: than d4, dam g, than cui, ...) trong 10 hd quang chim (Amini va cong su,
2016). Sy c6 mat ciia cac kim loai tap chat trong san pham silicon tinh ché dan dén giam hiéu qua lam viéc
cua cac thiét bi va vat liéu dugc 1am tix silicon ... Than I chat kht chinh trong san xuét silicon va chiém
26% nguyen li¢u tho duoc st dung trong qué trinh nau chay silicon. Su ¢ mat khong thé tranh khoi cia
manhetit trong san pham than sach cudi cting (khi tuyén huyen phd)) 1am giam déng ké do tinh khiét va kha
nang tng dung cua than. Theo dé, viéc san xuat silicon cho Cap luyén kim doi hoi phai sir dung than siéu
sach. Ham lugng vat chit va tap chat thap trong UCC la wu diém chinh cua lya chon nay.

2.2. Thay thé dau dé san xudt hoa chdt, nguyén li¢u thom, sdn xudt céc, sdn xudt than hogt tinh dung
trong céc bg loc loc nuwéc, loc khdng khi; sdn xudt se¢i cachbon, ché tgo cuc dwong cacbon

Than sir dung véi muc dich phi nhién liéu chii yéu 1a céc luyén kim. Phuong phap chinh 1a cacbon héa
& nhiét do cao than bitum va ban bitum dé san xuat than coc. Ngoai ra than con ¢ cac dong gop tich cuc
trong san xuat vat liéu cachon va céc héa chit dic biét. Do cachon 1a thanh phan chinh va cha yéu trong
than nén viéc lua chon céac diéu kién xu ly phu hop s& gip chuyén dbi thanh than hoat tinh, than chi hoic
cac vat liéu cacbon khac. Bic biét, than chtra lugng cacbon ¢6 ciu trac thom, do dé, than c6 thé 1a nguyén
liéu tot hon cho san xuat hoa chit thom thay thé chat béo.

Hoéa long than c6 thé trg thanh mot hra chon kha thi trong thé ky t6i, dé san xuit nhién liéu ciing nhu
nguyén liéu héa hoc. Chit Iong sinh ra tir qua trinh héa long than con c6 thé duoc st dung lam nguyén liéu
dé san xuat hda chit hiru co va céc vat liéu cacbon. Viéc phét trién cac san pham héa chit c6 gia tri gia ting
vira c6 thé 1am tang hiéu qua kinh té cua qué trinh héa long than, vira lam cho than long canh tranh hon vdi
dau mo (than long chira nhiéu hop chat ma dau moé khéng c6). Theo do, c6 hai céch tiép can chién lugc
rong rai dé chuyén doi than thanh héa chat c6 gia tri gia tang. Pau tién la cach tiép can gian tiép, day la
cach chuyen than thanh chat long bang cac phuong phap nhu cacbon hoa, chiét xuat hoac hoa long. Sau khi
thu duoc chit long, ching s& duogc tach hoic chuyén dbi dé tao ra cac san pham héa hoc di kém. Tuy nhién,
viéc tach chit long than thanh céc hop chat riéng 1é c6 thé tén nhiéu thoi gian va chi phi. Chién luoc thay
thé t4o bao hon va c6 rui ro cao hon nhiéu Ia cach tiép can truc tiép. Theo phwong phéap nay, mot chat phan
ng s& dugc dua vao than dé chi tach mot tap hop lién két dugc xac dinh rd rang va phan tach can than céc
céu tric phan ti. Viéc loai bo cac ciu tric cé tinh chon loc cao cé thé tao ra cac monome hoic tién chét
clia cac monome ddi véi mot sé vat lidu polyme hiéu suat cao.

Viéc sir dung than dé khi héa Ia sir dung v6i muc dich phi nhién liéu. San pham cua quéa trinh duoc sir
dung 1am nguyén liéu hoa hoc. Qué trinh khi hda hién duoc sir dung dé san xuat khi tong hop, san xuét H,
va xur ly hydro trong cac nganh cong nghiép hoa dau loc dau. Ngoai ra, than phi nhién liéu con c6 cac ang
dung khac trong san xuét hoa chat, xi mang, gidy, gém si va cac san pham kim loai.

Mot loat nghién ciru vé san xuit than hoat tinh tir than bitum bang phuong phap hoat héa hoa hoc da
duoc gii thiéu. Cac ting dung bao gom: loc nuéc, khir mau, ché bién thuc phiam va thu hdi vang; loc khdng
khi, xtr ly khi va thu h6i dung mdi. Mot ng dung khéac cua than giau cacbon la cacbon sang phan tir (MSC)
dé tach khi bang hap phu su thay dbi ap suat (PSA), hién da kha thi v& mat thuong mai. Than antraxit cling
da dugc su dung trong san Xuit dién cuc cacbon v6 dinh hinh nhung n6 chua dwoc st dung trong san XUt
vt liéu grafit vi tinh cu trdc kho thay déi. Mot sé than non & California dugc sir dung trong qua trinh chiét
Xuét dé tao ra sép montan, chit nay cé thé diung trong xi danh gidy, day thun va vt liéu cach dién.

Than siéu sach (UCC) duoc nhan dinh la nguyén liéu tot hon than dé san xuit nhién lidu, héa chat va vat
liéu dya trén lugng cacbon cao trong thanh phan nhu cac g dung da liét ké ¢ trén. Do ham lugng cacbon
trong than cao hon nhiéu va phan Ién ton tai dudi dang c4u trac thom. Song va Schobert (1996) da goi y
rang than siéu sach c6 thé 1a nguyén ligu tot hon dau dé san xuat cac héa chat thom va cac san pham nhu
nhya ki thuat, polyme chiu nhiét & nhiét d6 cao va soi cacbon. Khi str dung UCC, nhiing tac dong bat loi
do chat khoang c6 trong than da dugc loai bo, do d6 than siéu sach phi hop lam nguyén liéu dé san xuét
cac san pham trén.

2.3. Nhién ligu thay thé qud trinh dét dau trong dong co diesel

Két qua thir nghiém dwoc thuc hién trén dong co diesel mot xi-lanh, téc dd cham, cho thiy hiéu suét



nhiét gan nhu twong dwong khi dét bang nhién li¢u bun than/nudc va dau diesel trong khi lwgng khi thai 6
nhiém, dac biét 12 NOX, thap hon. Tuy nhién d¢ mai mon cia dong co cao hon dang ké so véi do mon xay
ra voi nhién ligu long. Tuy nhién, nhiing tién bo cong nghé lién quan dén vat liu vong piston/dng 16t xi
lanh, thiét ké va ky thuat boi tron méi ¢6 the khac phuc dugc van dé nay. Céc quan sét cu thé lién quan dén
bun va chuong trinh thu nghiém la: (1) Hiéu suit nhiét khi van hanh bang nhién li¢u bun than/nuéc 16n hon
mot chit so voi hiéu suit dat dugc véi nhién lidu diesel; (2) Hiéu suat nhiét 1a mot ham sé cua kich thudc
hat than trong pham vi dugc thir nghiém. Sy thay d6i vé hiéu suat c6 thé lién quan dén toc do dét chay cua
hat (cht khéng phai do @6t chay khdng hoan toan) hoic ma sat bo sung duoc tao ra bai cac hat than cé
duong kinh 16n hon ¢ bé mat tiép xdc ciia vong piston/Iong xi lanh. Cac nghién ctru d liét ké khang dinh
rang hdn hop than — nudc hoan toan cé thé thay thé duoc dau diesen khi van hanh cac dong co cong suét
I6n, téc d6 cham. Didu ndy mé tra trién vong ing dung than siéu sach nhu mét loai nhién liéu thay thé trong
bdi canh dau mo dang dan can kiét. (Nydick va cong su, 1987)

2.4. Nhién ligu cho céc cong ngh¢ san xudt dién tién tién

CSIRO da va dang phat trién mot giai phép thay thé cho nguén dién phat thai thap tir than da va cac
ngudn cachon khac thong qua du dn dong co phun nhién liéu cacbon truc tlep (DICE). DICE phu hgp cho
viéc san xuat dién quy md 16n va cac rng dung phi tap trung tai cac dia diém cong nghiép hoac ving sau
vung xa. Loi |ch cuiia cong nghé nay bao gom tang hi¢u qua san Xuét dién; giam dang ké luong khi thai nha
kinh, cung Cap dién trong khung thoi gian ngan hon va ¢ quy md nho6 hon so vdi cdng nghé than thdng
thuong. Ngudn nguyén liéu cho cac nha may dién kiéu nay rat da dang: than nau, than bun, sinh khdi, than
cbc dau mo, UCC... Trong cac loai nhién ligu trén, UCC (voi ham lugng khoéng chat va tro dwoc loai gan
nhu triét dé) d& dang van chuyén, luu trit va khi d6t s& thai ra it cac loai khi doc hai di véi méi trudng va
con nguoi.

3. Cong nghé san xuit than siéu sach sir dung phwong phap vit ly, héa ly

Cong nghé san xuét nay duya trén sy khéc nhau vé ty trong, tinh chit bé mat va céc tinh chét vat ly cua
cac khoang vat di kém véi cacbon. Cac phuong phéap tuyén ndi bot, tuyén ndi ngin may Jameson, tuyén
noi cot, tuyén noi pneumatic va két hat than - dau duoc sir dung dya vao tinh chat bé mat ciia céc thanh
phan trong khi sy khéc biét vé ty trong dugc tng dung trong may Iang ban dai, méng xoan, xoay 16¢c va
tuyén huyen phu. Ngoai ra, su khac nhau vé do tir cam, do dan dién/hang sb dién mdi cua cac khoang vat
1a co s& dé tng dung tuyén tir va tuyén tinh dién trong khir cac khoéng vat di kém.

3.1. Tuyén trong luc

Céc thiét bj tuyen da trong lyc Mozley (MGS) da duoc (ing dung thanh cong trong viéc xir Iy than min.
May tuyén huyén pht manhetit tng dung dé lam sach than véi ty trong dugc diéu chinh nim gitra ty trong
than va cac khoang vét di kem. Phan tuyén cua xody l6c c6 duong kinh nho (15-20 cm) va/hoic bang &p
suét cap liéu cao (4690 kPa) da chimg minh dwoc hiéu qua. Qué trinh tuyén trong luc dugc danh gia hiéu
qua hon nhiéu so véi tuyén ndi dé xur ly cac hat than c6 do hat trung binh. Céc thiét bi tuyén da trong luc
Mosley, Falcon va Knelson duogc st dung dé xt Iy than min ¢& 0,25 mm. Két qua cho thiy cac qua trinh
nay lam giam do tro cua loai than kho tuyén tir 29% xubng con khoang 7%. Viéc nang cao chat lugng than
non chira 66% va 53% tro bang thiét bj da trong luc (MGS) da dugc nghién ciru boi Ozgen va céc cong su
(2011). Than sach chira 23% tro véi hiéu suat thu hdi la 49,3% va 60,01%. May tuyén da trong luc Falcon
dugc sir dung dé phan tach cac khoang vat min va siéu min. May tuyén Falcon c6 thé tao ra than sach co
do tro 12 36% tir than cap liéu c6 do tro khoang 66% véi hiéu suat thu hoi khoang 35%. Tuong tw, Honaker
va cac cong su (1996) da loai bo 60% dén 70% tro tir viéc xir Iy mot s6 mau than min sir dung may tuyén
Falcon véi kha ning thu hi Ién hon 85% phan chay. Trong mot nghién ctru khéc, than dau c6 do tro va
téng luu huynh cao dugc phan tach tir may Falcon gian doan véi kha ning thu hdi hon 90% lwong than.

3.2. Tuyén néi

Tuyén ndi bot 1a tach cac dat da tap dua vao sy phdi hop chinh xéac va hop Iy cac loai thudc tuyén néi.
V& co ban, tro va cac khoang chit chira Iuu huynh c6 trong than 13 ua nude, do d6 s& di vao dudi thai. N6i
chung, tuyén ndi bot 1 k§ thuat dwoc st dung dé 1am gidu céc hat than c6 kich thude dugi 0,5 mm. Tinh
chon riéng cua qua trinh cé thé dugc cai thién bang cach b sung thude tap hop c6 nguén gdc hydrocacbon
dé tang tinh ky nudc cua cac hat than. Tuy nhién, hiéu qua cia qua trinh phu thugc vao tinh ky nudc cua
Ccéc hat va muc do giai phong két hach trong than. Chi phi thudc tuyén ndi va chi phi cho cac khau phu tro
khién phuong phéap tuyén noi dat hon cac phuong phap vat 1y khac. Tuy nhién, dé loai bo cac vat liéu v
co nhu pyrit, phuong phép phu hop nhat Ia tuyen noi. Ddi vai cac hé thong microcel, bun dugc tuan hoan
qua hé thong phun dé tao ra cac dong xoay dé khudy tron va tao bot. O méy tuyén Jameson, c4c hat va béng



khi duoc gén vao dng cap li¢u di xudng. Céc hé thdng khac nhur cot turbo thé hién su két hop gitra cac ngan
may thong thuong véi mot s tinh nang cai tién. Nhin chung (¢ diéu kién ti wu), than dau c6 16,3% tro va

2,0% tong lwu huynh dugc nang cao chat lugng thanh than sach (-38 um) chira 8,3% tro va 0,72% tong luu
huynh véi ty I¢ thu hOI 81%.

Dic diém tuyén ndi cua than ban bitum co do tro cao tr mé than Talcher, An Do duoc nghién ciu boi
Jena va cong su (2008). Ban dau, than duoc tuyén noi bang thudc tuyén thong thuong trong may tuyén noi
Denver D-12. Sau d6, than dugc xir ly bang cac hoa chét ethanol va butanol dé khur céc oxit bam trén bé
mat than. Than sach c6 do tro 31% va ty 1¢ thu hdi 80,4% duoc san xuat tir than dau chira 41— 42% tro.
Trong truong hop sir dung may tuyén noi cot, do tro ¢é thé giam hon nira xuéng 26,6% tir cing mot loai
than véi ty 1¢ thu hoi 66,5%. Ayhan va cong su (2005) di nghién ciru cac diéu kién tuyén néi ti uu va
nhan thiy: & pH 9, dau hoa 250 g/t 1am thudc tap hop va methyl isobutyl carbinol (MIBC) lam thuéc tao
bot. Két qua la do tro than sach da giam 50% cuing véi viéc loai bo phan I6n luu huynh sunfat (>90%) va
67% luu huynh pyrit. Cac thong sb quan trong trong tuyén néi 1a do pH cua bun, loai va chi phi thudc tuyén,
ndng d6 bun, nhiét d6 va toc do khudy tron. Anh huéng cua thube tuyén va hdn hop thube tuyén dén qua
trinh tuyén ndi than bitum min (d6 tro 23,95%) da dugc nghién ciru. Ty 1é thu hdi phan chay (>90%) dat
dugc khi c6 mat cac thudc tuyén thong thudng nhu MIBC hoac natri dodecyl sulfat (SDS). Reza va
Farahnaz (2007) nghién ctu viéc giam do tro va luu huynh tir than Tabas, Iran bang phuong phép tuyén
ndi. Viéc sir dung dau hoa va metanol 1am thudc tap hop da giam ham luong tro va luu huynh trong than
lan luot 12 40 —50% va 30%, nhung dau hoa & muc tiéu thu 125 g/tan mang lai hiéu qua thu hdi than nhiéu
hon (80%) so v&i metanol. Xiu-xiang va cong su (2009) da thuc nghiém va chi ra rang tuyén ndi khong thé
cai thién hiéu qua chat luong than min, trong khi céc quy trinh nghién min — rira va say than sach va két
béng chon loc - tuyén ndi lai phti hop véi loai than nay. So véi quy trinh tuyén ndi than ban dau, cac quy
trinh nghién min — rira/siy da tang ty Ié thu hdi tir 50,8% lén 55,5%, dong thoi giam ham lugng tro san
pham tir 11,8% xudng 10,7%. Trong qué trinh két bong chon loc — tuyén ndi, d6 tro thip nhat trong than
sach 12 10,7% vai hiéu suat 58,7%, thu hdi cao hon 7,8% va do tro thip hon 1,1%. Céc vong tuyén ndi
thong thuong nhin chung khong hi¢u qua trong viéc thu hdi than min. Két qua Ia duéi thai caa nha may
tuyén noi Van chira mét lugng than dang ké c6 thé dugc thu hoi bang cach st dung cac thiét bi hiéu qua
hon nhu tuyén nodi cot. Céc thi nghi¢m da dugc tién hanh bang cach st dung tuyén ndi cot dé thu hoi than
coc min tir dudi thai cua nha may tuyen ndi than dang hoat dong & An Do (Reddy P.S.R. va cong su, 2000).
Két qua chira rang tir dudi thai c6 thé thu hdi 60% than véi do tro 15%. Liangshen va cong sw (2022) két
hop nghién va tuyen no| khi héa thubc tap hop dé thu dugc than siéu sach. Két qua chi ra rang, so véi
phuong phap tuyen ndi truyén théng, phuong phap tuyén ndi khi hoa thude tap hop o thé thu dugc than
sach ¢6 ty 1& thu hdi phan chay cao hon 4,1%, d tro cua than sach thap hon 0,3% (6 chi phi thubc tap hop
12 2,0 kg/t).

3.3. Két hat than - ddu

Trong s6 cac phuong phap vét ly, qua trinh két hat than - dau da thu hat duoc sy chu y dac biét trong
nhitng nam gan day. Qua trinh két tu dya trén nguyén tic cac hat than c6 tinh ky nuéc ty nhién nén duoc
két tu va tach ra khoi cac khoang vat di kém bang cach thém cau ndi chat long thich hop 1am dinh wét cac
thanh phan chira cachon. Qué trinh két hat dau dwoc ding cho: (1) Lam giau than, dac biét 1a than cuc min
ma cac phuong phap thong thuong khong thé xu 1y dugc; (2) Thu hdi va nang cap bun than va nudc thai
6 ngudn géc tir cac nha may tuyén than théng thuong va (3) Piéu ché than c¢6 ham luong tro va luu huynh
vo co dic biét thap. Baruah va cong su (1982) da xur ly than cua mo Assam (An D) bang cach két tu véi
xylene va hexane. Ty 1¢ thu hdi cac vat chat hitu co ti da khi ding xylene 1 92% trong khi véi hexane gia
tri nay la khoang 55%. D6 tro cua cac san pham sau két hat 1a 10%. Cac qué trinh phan tach dya vao dic
tinh bé mat nhu tuyén ndi va két tu dau theo truyén thong dwoc cong nhan 1a phuong phap thyc té dé lam
sach than min. Cac qua trinh ndy c6 hiéu qua cao trong viéc loai bo céc khodng vat da dugc giai phong,
nhung s& kém hiéu qua hon nhiéu néu than c6 chira cac két hach hozc c4c vat chat nim trong than.

3.4. Tuyén tir - Tuyén dign — Vi séng

Tuyén tir 12 mot phuong phép vat ly quan trong va day htra hen dé loai bo tro va Iuu huynh khoi than
dua trén sy khac biét vé tinh chat tir. Than thuong c6 thé dugc tach ra khoi cac vat chat thuan tir con lai
bang céc thiét bi tuyén tir. May tuyén tir thuong 1a dang méy tuyén tir da huéng (High-Gradient Magnetic
Separation - HGMS va Open-Gradient Magnetic Separation - OGMS). Tuy thudc vao loai than dugc sir
dung va cac diéu Kién phan tach duoc st dung, cac két qua thir nghiém da chi ra rang viéc sit dung HGMS
mot 1an ¢6 hiéu qua trong viéc giam tong luu huynh xudng 40%, tro xuéng 35% va luu huynh pyrit xuéng
80%. Ty & thu hoi than tdi da khoang 95% (Liu Y.A. & Lin C.J., 1976). Phuong phap tuyén tir wét va kho
da dugc sir dung trong may tuyén HGMS dé khir luu huynh trong than nghién min. Trong diéu kién phan



tach téi wu, k¥ thuat ndy ¢ hiéu qua 1am sach téi 72% luu huynh pyrit va 44% do tro véi ty Ié thu hdi nhiét
tri gan 95%.

Tuyén dién 12 mot cdng nghé 1am sach than min khd tién tién (qua trinh tuyén tinh dién ma sét c6 thé xi
ly hi¢u qua than min c6 kich thudc dudi 74 pm). Su phan tach xay ra dudi tac dung cta dién truong rat cao.
Hai qué trinh tuyén tinh dién phé bién, mot loai sir dung sy khéc biét vé dién tré suat trong khi loai kia sir
dung su khéc biét trong cau tric bé mat dién tr (Mazumder M.K. va cong su, 1994)

Viéc xur ly than bang chiéu xa vi séng (tan s 2,45 GHz/budc song 12,2 cm va nang luong 1, 22x105 eV
ddi vé6i hau hét cac tng dung cong nghiép) phu thudc vao dic tinh dién mdi cua nd. Su khac biét vé dic
tinh dién mdi cua cac chét hitu co va vo co trong than dan dén sy gia nhiét khac nhau khi st dung 10 vi
song. (Chatterjee va cong sy 1991) di xac dinh hang sé dién moi cua than khd, pyrit va chat khoang (khong
c6 pyrit) lan luot 1a 3,7 va 4,6. Do tir cam cia pyrit cling cai thién khi dun néng do sy chuyén déi FeS;
thanh FeS, mot vat ligu c6 tir tinh manh. Sy chuyén ddi pyrit thanh pyrrhotite (Fe1xS) sau khi xtr ly bang
vi song d3 duoc xac nhan 1am ting d6 tir cam cua than va lam cho viéc khir luu huynh d& dang hon bang
tuyén tur.

3.5. Tuyén tang sbi kho

Hién nay, viéc lam sach than d4 phan Ion dugc thuc hién bang thiét bi tuyén huyén phu, tuyén ling,
tuyén noi,... Trong céc ki thuat nay, nuéce duoc sir dung lam mdi truong phan tach. Viéc giam ham lugng
tro trong than bang cach lam sach than, nhung lwong nudc tiéu thy I6n 1am ting chi phi san xuét, doi hoi
phai xir 1y luong nuée di kém trudc khi thai ra moéi trudng va tang chi phi khir nwéc cac san pham. Qua
trinh tuyén tang soi kho tao ra su khéac biét vé ty trong méi truong nho chuyén dong lién tuc cua cac dong
khong khi dé tach vat liéu. Nhitng hat nhe hon s& noi 1én trén hé I6p dém va nhiing hat nang hon s& chim.
V& co ban, may phan tach ting soi c6 thé dugc phan thanh ba loai chinh sau: May phan tach Yancey va
Frazer (kich thuéc cap liéu tir 1-5 cm), may tang sdi dang kénh nghiéng (tuyén vat liéu c6 kich thudc tir
7,5 cm dén 0,6 mm), may phan tach hinh chir nhat va méay phéan tach mang tron.

3.6. Nhdn xét vé phwong phap tuyén vit Iy, hoa ly

Tro thuong dwoc xAm nhidm vao ciu triic than va do d6 viéc nang cao chat lwong than bang phuong
phép vit 1y 1a kho khan, mac di nd co thé don gian. Mot s6 han ché cua viéc 1am sach than bang phwong
phap tuyén vat ly va hoa ly 1a: (1) Can phai nghién rit min dé giai phong céc tap chat pyrit min. Nghién
min |a hoat dong ton nhiéu nang lwong nhit va céc hat siéu min kho xir 1y va khé tach nuéc; (2) Khi luu
huynh hiéu qua tét khi than c6 do hat min nhung s& khd ap dung cdc phuong phép ré tién (tuyén trong luc)
cling nhu dwa dén cac van dé lién quan dén khir nuéc; (3) Chi ¢6 thé loai bo luu huynh pyrit bang phuong
phép vt ly, nhung ciing ¢ thé gy ra mat mét chat bdc; (4) Tuyén trong luc than thuong yéu Ccau c& cap
liéu 16n hon 0,5 mm; (5) Viéc tach vat Iy khong phu hop véi cac khoang vat c6 lién két hoa hoc trong than.

Vi véy, phuong phéap tuyén héa hoc ddi véi than dwoc coi la can thiét dé loai bo hiéu qua cac khoang
vat dugc phan b min va lién két chat ché vai than. C6 thé san xuit than siéu sach (Ucc) bang cach khir
cac khoang vat tao tro, Iuu huynh pyrit va luu huynh hitu co. Lam sach than bang héa chit rit don gian khi
né hoat dong & diéu kién 6n hoa. Mac du tuyén héa hoc thudng co thé loai bo tap chit tot hon so véi tuyén
vat ly, héa ly nhung chi phi cao hon s& han ché ung dung thwong mai cua né.

4. Cong nghé san xuit than siéu sach sir dung phwong phap héa hoc

Nhin chung, tuyén than bang phwong phép vat ly, hoa ly khéng thé giam ham lugng khoang vat tap cua
than dé tao ra UCC, do d6, cac quy trinh khir khoang bang héa hoc, riéng 1¢ hoic két hop, duoc st dung
rong réi trong san xuat UCC (Steel va cong su, 2001a). Céc qua trinh khir khodng bang hoéa hoc duoc su
dung bao gom két hop NaOH - axit; KOH- axit ; HF - HNOs; Ca(OH) thay thé cho NaOH; HCI - HF -
H,SO4/Fex(S04)s; céc chat oxy hoa nhu H,0,, FeCls ; KoCr,07; hoa tach tuan ty bang NaOH-H,S0; ...

4.1. Hoa tach bang axit

Axit flohydric (HF) c6 thé hoa tan hiéu qua thach anh va kaolinit. Hai giai doan hoa tach cé thé duoc
ng dung: hoa tach bang axit HF, sau d6 1a hoa tach bing HNO3/Fe(NO3)s cac loai than bitum khéc nhau.
Steel va Patrick (2001) da nghién ctu viéc san xuat UCC bang cach khir khodng héa hoc mét loai than dé
bay hoi cua Anh chita 7,9% tro va 2,6% luu huynh bing cach hoa tach biang HF, sau d6 1a dung dich HNOs.
Sau khi xir ly bang HF, d¢ tro cua than giam xudng con 2,6%. Than dugc xir Iy tiép bing HNO3 da giam
do tro xudng 0,63%. Trong mot nghién ctu khéc, sir dung phuong phép nay da giam do tro tir 5% xudng
0,2%. Mot loai than bitum ctua Vuong qudc Anh c6 kich thuéc hat <62 um va chira 5,0% do tro va 2,4% S
dugc xir ly bang trinh ty hoa tach hai giai doan bang dung dich HF, sau d6 1a dung dich HNO;. Khi than
chi xir Iy bang HF, d6 tro giam xudng 1,63%. Sau do ting ndng d6 HNO;3 Ién téi 1,37 M thi d¢ tro giam



xudng con 1,05%. San xuét than siéu sach két hop tién xu Iy bang vi séng va qua trinh hoa tach tuan ty voi
HF va HNO; da duoc gidi thidu (Jorjani va cong su, 2011b). Khir khoang than bitum ciia Anh bang phuong
phép hoa tach hai giai doan (axit hydrofluoric va nitrat sat) (Wu & Steel, 2007) cho thay ham lugng tro
giam tir 5,3% xudng 990 ppm. Giai doan dau tién hoa tach bang HF & 65°C lam giam do tro xudng con
1,37%, chu yéu 12 loai bo cac khoang chit c6 chira Al va Si va sau d6 hoa tach bang cac ion sit lam giam
ham lugng tro hon nita (990 ppm) bang cach loai bé hau hét pyrit va florua duoc hinh thanh trong qua trinh
hoa tach HF. Trinh tu hoa tach hai giai doan cua dung dich nuéc HF va HNO;3 da duoc dé xuat (Rubiera va
cong su, 2003) dé khur khoang than. Viéc xir Iy hoa hoc than bitum, chat bc cao véi 25% HF trong 8 gio
& 60°C, sau d6 1a 25% HNOs3 trong 16 gio ¢ 60°C da lam giam dé tro lan luot tir 6,2% xudng 2,2% va sau
d6 xudng 0,3%. Trong quy trinh lam sach bang hda chat (quy trinh Meyers), than nghién dugc hoa tach
bang dung dich axit sunfuric/sat sunfat & 100-130°C trong vai gio (Meyers va cong su, 1972). Két qua la
gan nhu toan bd luu huynh pyrit dwoc loai bo. Rodriguez va cong su (1996) két luan rang viéc hoa tach
bang axit nitric cua than Tay Ban Nha & &p suat khi quyén c6 hi¢u qua trong viéc khir luu huynh, dic biét
14 loai bo Iuu huynh v co. Bang cach hoa tach vai axit nitric 30% ¢ 90°C, ham lwong Iuu huynh téng giam
xudng gan bang 0, luu huynh sunfat giam 86%, luu huynh pyrit 94%, lwu huynh hiru co giam 28,9% sau 5
phat va 39,1% sau 2 gio). Alvarez va cong su (2003) quan sat thiy rang HNOj3 lam giam nhanh luu huynh
pyrit va sunfat. Tuy nhién, két qua FT-IR cua than dwgc hoa tach ¢ nhiét do cao bang axit nitric cho thay
kha ning oxy héa cua than ting 1én va 0% cua nhdm nitrat xuat hién duéi dang nhém cacbonyl trong cau
truc phan tir cuia than. Vi Iy do nay nén tranh qua trinh hoa tach bang axit nitric dé bao toan cac dac tinh va
c4u tr(ic mong muén cua than.

Steel va cong su (2001b) da nghién ctru hanh vi hoa tach cua khoang vat trong than bang dung dich HCI
va HF. Nguoi ta thdy ring HCI c6 thé hoa tan cac hop chit don gian nhu phdt phét va cacbonat, nhung nd
khong thé hoa tan hoan toan dat sét. HF phan &ng vai hau hét moi khoang vat ngoai trir pyrit. Qua trinh
khtr Iuu huynh trong than Tabas Mezino duoc tién hanh vai hai budc tuyén ndi bot lién tiép & nhiét do moi
truong, sau d6 hoa tach bang axit nitric (Alam va cong sy, 2009). Sau cac qua trinh ndy, téng luong luu
huynh (1,76%) va tro (16,8%) da giam thém Ian luot 13 75,4% va 53,2% .

Hoa tach bang axit dé khir khoang vat trong than c6 thé lam thay di hinh thai bé mat va gay hai cho
cacbon, dong thoi 1am giam nhiét tri va gay ra cac van dé vé moi truong do kha ning oxy héa manh cua
chdng. Vi vay, mot sé chat hoa tach nhe duoc xem xét khir tro than dé tranh nhirng nhugc diém trén. EDTA
va axit citric dwgc cho la cd hiéu qua twong duong véi cac axit HCI, HNO; va HF. Viéc st dung céc axit
ré tién va yéu nhu axit pyroligneous va axit Citric dé tao ra than siéu sach da duoc chirng minh 1a ¢6 hiéu
qua (Wijaya va cong su, 2011). So v6i amoni axetat, cac axit nay tham chi cé thé hoat dong nhu tac nhan
chelat @ huy dong céc oxit/hydroxit khéng hoa tan axit nitric trong than, do d6 c¢6 thé 1am giam dang ké
ham lwong tro va tham chi ca ham lugng Ivu huynh/clo. Hig¢u qua cta qua trinh khir khoang dbi véi than
bitum An Do chtra 8,20% tro di dugc nghién ciru bang cach hoa tach céc axit hitu co khac nhau (acetic,
oxalic, axit citric va gluconic, va EDTA) ¢ nhiét d6 phong. Khi qua trinh hoa tach dugc thuc hién bang axit
citric va EDTA, ham lugng tro va luu huynh giam xudng lan lugt dudi 1,94% va 1,81%. Viéc hoa tach
EDTA, axit axetic va axit gluconic cd thé loai bo hoan toan canxi ddng thoi loai bo dang ké nhdém va silic,
trong khi viéc rira troi bang axit citric c6 thé loai bo hoan toan nhém khoi nén than. Nhiét tri cua than ting
12% khi hoa tach bang EDTA va axit gluconic. Qua trinh hoa tach cac kim loai khac nhau tir than vao dung
moi chira axit hoac chat chelat da duoc Ohki va cong su (2004) nghién ctru. Xu huéng kim loai trong than
bi hoa tach duogc chia thanh ba loai, chang han nhu hoa tach phan 16n (Ca, Mg va Mn), hoa tach mot phan
(Cu, Fe, Pb va Zn), va hoa tdch mot it (Al, Co, Cr va Ni). Su khir khoang dwoc nhan théy la tdng 1én khi
ndng d6 HNO3 hoic EDTA ting 1én. Diéu thi vi 1a ngay ca nong do EDTA thap (0,1 mM) ciing c6 kha
ning hoa tach kim loai dang ké nhu Mn.

Tac dung cua riéng hydrogen peroxide va sy hi¢n di¢n cta axit sulfuric lodng dbi véi qua trinh khtr luu
huynh va khir khoang cua than & khu vuc dong béc, An Po da dugc nghién ciu boi Mukherjee va cong su
(2001). Riéng hydro peroxide (15%) da loai bo hon 76% luu huynh pyrit, 70% luu huynh sunfat, 5% luu
huynh hitu co va hon 14% tro & 25°C. Qua trinh d cai thién dén muc loai bo gan nhu hoan toan Iuu huynh
pyrit va sunfat, trén 26% luu huynh hiru co va tro 43% khi c6 mat H,SO4 0,1N.

Vasilakos va cong su (1984) da nghién ctru qué trinh 1am giau hoéa hoc cua than bitum c¢6 ham lugng
chat béc cao véi H05/H;SO4 & nhigt do moi truong. Két qua 1a gan nhu hoan toan luu huynh vé co dugc
loai bo va giam dang ké lugng tro. Tuy nhién, luu huynh hiru co hau nhu khong bi anh huong. Ahnonkitpanit
va Prasassarakich (1989) da ap dung phwong phap xu 1y twong ty d6i v6i than ban bitum chat béc cao tir
Thai Lan va quan sat thiy viéc loai bo mot lugng nhé luu huynh hitu co (7,1%) cung véi viéc loai bo gan
nhu hoan toan tro va luu huynh vé co. Karaca va Ceylan (1997) ciing nhan thdy H,0 13 tAc nhan hiéu qua
dé loai bo tro va Iuu huynh pyrit, nhung kém hiéu qua hon di véi luu huynh hitu co. Dung dich H,0 15%
thich hop dé giam dang ké tro (65% va 31%) va luu huynh pyrit (97% va 92%) tir hai mau than non Thé



Nhi Ky & c&c mo Beypazari va Tuncbilek, twong tng trong vong 60 phdt xir Iy & 30°C; cac mau chia 1an
luot 21,4% va 16,71% tro va 0,98% va 0,73% luu huynh pyrit.

4.2. Hoa tach bang kiém

Viéc khir khoang cua than bang dung dich kiém dugc mot sé nha nghién cau béo céo. Kara va Ceylan
(1988) da bao cao cac két qua twong tw vé qué trinh khir khoang (91%) than non Tho Nhi Ky bang NaOH.
Friedman va Warzinski (1977) da loai bo hoan toan luu huynh pyrit va 40% luu huynh hiru co khoi than
bang dung dich natri hydroxit & 300°C. Xt ly hda hoc than bang cach nghién va hoa tach trong dung dich
xut duoc Balaz va cong sy (2001) trinh bay. Nghién hai loai than khac nhau c6 28,2% va 7% tro, 3,0% va
2% luu huynh, sau d6 hoa tach bang NaOH 5% d lam giam ham lugng luu huynh xudng lan luot 12 1,5%
va 0,9%.

Hoa tach kiém néng chay (MCL) 1a mot qua trinh hiéu qua khac dé giam dang ké lugng khoang vat tao
tro, pyrit luu huynh va Iuu huynh hitu co tir than. Loai bo cac thanh phan vé co tir nhién liéu bing MCL &
200-400°C c6 thé duoc biéu thi bang phuong trinh:

SiO; + 2NaOH — Na,SiOs; + H,0 va 4FeS; + 20NaOH — 4NaFeO; + 8Na,S + 10H,0 + O,

Do d6, natri silicat va natri ferrat (natri oxit sat) ¢ thé dwoc loai bo d& dang bang cach khudy véi nuéc
trong khi tai tao chét kiém da qua str dung. Qua trinh khir Iuu huynh bang kiém c6 hiéu qua hon trong viéc
loai bo luu huynh pyrit so vai luu huynh hitu co. Lolja (1999) da loai duoc 50% tong lugng luu huynh tir
mau than c6 tong lugng luu huynh 12 3,69% (str dung phuong phap MCL) két hop voi 1M KOH & nhiét do
phong trong 2 gio.

Str dung Ca(OH), thay thé NaOH di cho hiéu qua tdt va tiét kiém chi phi hon. Cac wu diém khéac cua
viéc sir dung voi thay vi natri hydroxit 1a: (1) viéc chiét chat hiru co than vao dung dich céi it ton kém hon;
(2) it an mon 16 phan wng va vat liéu thiét bi, va (3) tac dong gay 6 nhiém cua cin it hon néu than da qua
xir Iy héa hoc duoc sir dung trong cac tng dung dt hoac khi hda. Wang va Tomita (1997) da nghién ctu
tinh chit héa hoc cua phan tung thiy nhiét Ca(OH), véi thach anh nguyén chat va kaolinit nguyén chat.
Wang va cong su (1996) di bao céo khoang 76% lwong tro dwoc loai bo khoi than Newstan cua Uc bing
cach hoa tach vai 5% CaO ¢ 340°C trong 120 phut, sau d6 rira bang axit clohydric; ham luong tro giam tir
9,2% xudng 2,2%.

Than Nigeria vai viéc khir tro bang Na,COs, mét chit thay thé ré hon cho natri hydroxit da dwoc nghién ciu
(Adeleke A.A. va cong su, 2011) véi mic giam do tro trung binh 1a 38,66% tir lugng tro cip vao la 32,55%
xubng con 19,90% tro. Viéc loai bé hoan toan Iuu huynh v6 co va giam 70% luu huynh hiru co trong than dat
duoc bang dung dich Na,COs lodng ¢ nhiét d6 tir 120 dén 150°C. Markuszewski va cong su. (1985) da xu ly
mot s loai than bitum (7—-15% tro va 3-5% S) bang hdn hop ndng chay cia NaOH va KOH ¢ 350-370°C va c6
thé loai bo 80-90% tro va 70-80% tdng lwu huynh. Trong quy trinh TRW Gravimelt, hdn hop NaOH va KOH
chir khdng phai chi riéng NaOH da khtr luu huynh hiéu qua (>90% tong luu huynh) & nhiét d6 350°C .

4.3. Hoa tach than bang su két hep kiém va axit

Mot san pham than vuot qué yéu cau vé do tinh khiét (ham lwong tro, sit va silic) trong cuc dwong
cacbon Hall Cell da duoc xu ly bing mét trinh tu hoa tach bao gdm xur Iy x(t, sau d6 1a xtr ly bang axit
sulfuric va nitric. Hai budc hoa tach axit trong quy trinh ba budc ciing c6 thé dwoc két hgp ma khdng anh
hudng xau dén chit luong than ding cho muc dich 1am cuc duong. Trong qua trinh nay, phan Ién pyrit
phan tng véi NaOH, tao thanh Fe,O3 va NazS. Ham lugng silic va nhém bi giam di do phan trng véi NaOH.
Axit H2S04 va axit citric duoc sir dung sau d6 dé hoa tan cac vat chat con lai. Két qua 1a than co d¢ tro 3-
10% giam xudng con 0,03 - 0,11%.

Nghién ctru cua Mukherjee va Borthakur (2001) cho thay viéc xir ly than ¢ 43-50% tro, tong luu huynh
v6 co va 10% luu huynh hitu co tir hai loai than Assam (lan luot 1a 8,4% va 10,4% tro, tong luu huynh
4,3%) bang cach sir dung dung dich NaOH 16% sau d6 1a 10% HCI1 & 90-95°C. Nghién ctu tiép theo dugc
bao c4o chi st dung KOH & nhiét d6 95°C va 150°C va két hop véi xt Iy bang axit nhe. O 150°C, than dwoc
xir Iy véi 18% KOH va 10% HCI, lugng luu huynh duoc khir 1én dén 52,7% cling véi viéc loai bo toan bo
lru huynh v6 co va 37% luu huynh hitu co.

Bolat va cong su (1998) da nghién ctru qué trinh khir khoang vat di kém cua than Thd Nhi Ky bang cach
sir dung céc axit khac nhau (HF, HCI, HNOj3 va H,SO,) va két hop dung dich NaOH 0,5 N va nhan thay
kha nang khir khoang vat di kém t6i da 1a 46,78%. Trong mot nghién ctru khac, do tro cua than 3,3% thu
dugc tir than non Tuncbilek khi dugc xir Iy bang 30% NaOH va 10% HCI .

5. Phwong phap ché bién vi sinh

Phuong phép tuyén vi sinh dé ché bién than 1a mot cdng nghé méi da dwoc nghién ctu véi hai muc dich:
(1) 1am sach than — loai bé luu huynh, nito va kim loai bang cdc quy trinh vi sinh vét va (2) chuyén hoa



than — hoa Iong vi sinh vat, khi hda vi sinh vat, san xuat métan... Ché bién vi sinh than c6 wu diém la yéu
cau vé von va chi phi van hanh thap hon; ca luu huynh pyrit va luu huynh hitu co déu c6 thé duoc loai bo
bang xUc tac vi sinh vat ma khong gay ton thit nang lugng dang ke hoic mat méat than. Qué trinh nay hoat
dong ¢ nhiét do thap (25-75°C) va ap suat khi quyén, do d6 tiéu tén it ning lwong hon so véi cac qua trinh
hoa hoc. Qua trinh khir Ivu huynh sinh hoc ciia than c6 thé dat dugc bang cach xir Iy vi sinh trong diéu kién
phong thi nghiém va c6 thé dugc ap dung vao hoat dong thuong mai.

Téc dung ctia mot s6 loai nam soi nhu Aspergillus niger va Penicillium sp. vé qua trinh khir khoang cua
than chat luogng thap (ban bitum) da dwoc nghién ciu bai Manoj va Elcey (1963). Két qua cho thay do tro
giam khoang 73% khi dwoc hoa tach bang méi truong nudi cdy hdn hop Aspergillus niger va Penicillium
sp. Than dugc xir Iy nhu vay cho thay nhiét tri ting 26,5% va ham lugng cacbon ting khoang 20%.

MGt s6 vi sinh vat da dugc phat hién c6 tac dung khir luu huynh trong than. Zarubina va cong su (1959)
da khtr lwu huynh bang céach str dung vi khudn wa axit, ty dudng (Acidithiobacillus ferrooxidans) va bao
c4o qué trinh oxy hoa vi khuan caa Iuu huynh pyrit trong than. Vi khuan nay duoc sir dung lam méi trudng
nudi cay thuan khiét va hdn hop trong d6 cac loai khac, chang han nhu A. thiooxidans, Leptospirillum
ferrooxidans, Acidithiobacillus acidofilus, ..., hién dién vai ty & nhé hon. Uu diém cua viéc sir dung hdn
hop nudi cdy la tan dung duoc dac tinh caa ting vi sinh vat.

Mac du cac phurong phéap trén da dugce chitng minh 1 thanh cdng trong viéc loai bo pyrit phan tan min
khoi than, diéu ma khé dat dwoc bang cac phuong phap vat 1y, nhung qua trinh khir pyrit dugc cho 1a qua
cham. Ngoai ra, viéc nay con tén kém vi can phai khir nude va lam kho thém truée khi loai than nay c6 thé
dugc sir dung trong cong nghiép. Qua trinh xi Iy sinh hoc than bang céch sir dung vi khuan 1a mot qua trinh
hip dan nhung tinh phu hop cua nd phai duoc thiét 1ap & quy md I6n hodc quy mé thi diém. Vi qua trinh
khtr Iuu huynh sinh hoc mét nhiéu thoi gian hon khoang 1- 2 tuan nén can nghién ctru sau hon dé giam thoi
gian u va hoa tach.

6. Trién vong &ng dung déi véi than cam & Viét Nam

Viét Nam c6 trit luong than 16n trong d6 khoang hon 90% phuc vu cho muyc dich nhién liéu, mot s it
dugc phuc vu cho cac muyc dich phi nhién lidu trong d6 luyén cdc, my pham, ché pham héa hoc, cong nghé
pin... Ngoai ra con mot lugng 16n cac san pham tro bay va tro xi caa cac nha may nhiét dién van con chira
mot lwong nhét dinh than chua duoc xir Iy va sir dung hop 1y. Véi cac muc dich nhién liéu, gia thanh cua
than chua cao do chi tan dung duoc nhiét ma chwa tan dung gia tri vé ham luong cacbon va céc tinh chét
cua cac hydrocacbon thom di kém. Viéc nghién ciru mot cong nghé phii hop dé san xuat ra than siéu sach
V6i d6 tro thap, ham luong cacbon cao mang lai gié tri kinh té Ién hon, dong gop thiét thuc hon trong thuc
té cudc sdng va cac nganh cong nghiép chii chét. Ché bién sau than mang lai gia tri gia tang tSt hon cho
cac san pham tir ngudn nguyén-nhién liéu hda thach nay, tao cong an viéc lam va dong gop nhiéu hon cho
an sinh x& hoi. Thém vao d6, trong bdi canh kinh té tuin hoan, kinh té xanh, viéc tach triét dé cac tap chat
ra khoi than tao diéu kién cho st dung téng hop cac san pham, giam thiéu cac chat thai, khi thai ra moi
truong.

7. Két luan

Pé khir khoéng than hay san xuat than siéu sach, cac quy trinh vat 1y 1a phuong phéap kinh té nhét va
thuong duoc uu tién khi co thé. Nhin chung, cac qua trinh trong luc kha hitu ich cho viéc khtr khoang chat
trong than c6 kich thudc hat Ion. Céc qué tuyén noi bot ciing kha thanh cong ddi vai cac hat co kich thudc
duéi 0,5 mm, nhung gap van dé trong viéc sir dung lwong nuéce 16n.

Mic du céc hat khoang vat c6 thé duoc loai bo bang qué trinh 1am giau vat 1y, nhung ddi véi cac hat
xam nhiém min, lién két véi ciu tric than hogc cac nguyén té hitu co lién két thi lam giau bing hoa hoc la
mot phuong phdp hiu qua. Tuy nhién, nhitng phuong phap nay dit tién do yéu cau vé hoa chat va khir
nudc cua ban ¢& min. Hau nhu tat ca cac nghién ciu vé khir khoang cua than déu bo qua kha ning tai sir
dung nudc thai hodc xir Iy né vi hién tai khong co phwong phap nao trong sé nay dwoc sir dung trong cong
nghiép.

Mac du qua trinh khir Iuu huynh vo co ciing nhu Iuu huynh hitu co ¢ thé dat dugc, qua trinh phat trién
hoan thién phuong phép hoa tach sinh hoc van can duoc nghién ciru thém. Viéc thiét lap quy trinh khir luu
huynh sinh hoc & quy moé thi diém/quy md Ién c6 thé dam bao viéc khai thac quy trinh nay dé chuan bi
than.

Déi véi cac ung dung chung nhur san xut nhiét dién, xi ming va cac nganh luyén kim khéng quan trong,
cac phuong phap lam giau bang héa hoc c6 thé khong canh tranh dwoc véi cac cong nghé tuyén vat ly hién
dang 4p dung cho viéc chuan bj than (do yéu cau vé chi phi thap va phai than thién véi méi truong). Tuy
nhién, viéc sir dung cac phuong phap héa hoc két hop véi phuong phap vat 1y nhu mot budc tién xu 1y 1a



mot giai phap kha thi. Su két hop nay da cho thiy kha ning khir can va khir khoang cua céc loai than khac
nhau. Bang qua trinh 1am giau vat Iy-h6a hoc két hop, than sach hon va than siéu sach c6 thé duoc san xuét
cho cac muyc dich st dung cu thé nhu tng dung luyén kim va tua bin khi.

V& cong ngh¢ ché bién than siéu sach, su phdi hop giita cac phuong phap tuyén vat 1y va cac phuong
phap hoa hoc mang lai trién vong cao vé mat ky thuat va c6 kha nang thuong mai héa. Tuy nhién cling can
tinh dén céc van dé st dung, xur ly cac san pham thai sau san xuat. Céng nghé vi sinh ¢6 wu diém than thién
v6i méi trudng, tuy nhién viéc diéu khién hoan thién qua trinh doi hoi phai c6 cac nghién ciu cu thé hon
trong tuong lai.

Than siéu sach chi c6 thé san xuét khi co dau ra cho cac san pham loai nay. Cang ngh¢ nay c6 thé phat
trién duogc hay khong phai doi hoi c6 hop tac lién nganh gitta cac don vi ché bién than, ché tao thiét bi, cac
don vi sir dung ngudn nguyén - nhién liéu nay. Ngoai ra, cling can ¢6 dinh huéng cua chinh séch trong viéc
phét trién manh mé& hon nita cac cong nghé ché bién sau than twong tu nhu cac loai khoang san khac.
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ABSTRACT

Overview of ultra-clean coal production and utilization technology
in the world - application prospects in Vietnam

Pham Thanh Hai'?", Tran Trung Toi%?
'Hanoi University of Mining and Geology
2Research Group Advanced Technologies in Mineral Processing and Recycling (MinPro)

Coal is a critical resource for economic development. The chemical composition of coal is cacbon,
hydrogen, sulfur, oxygen, nitrogen, ash and moisture. The processing and use of coal leads to the generation
of CO,, N2O, NOy, SO« and Hg gases, causing global warming, and acid rain. To minimize the above risks,
one of the technologies of coal processing is ultra-clean coal production. The process produces high-purity
coal, almost removing useless mineral components with a standard ash level of less than 0.25 %, and low
S content. Currently, there are two main methods to process ultra-clean coal. The physical and
physicochemical methods are flotation, gravity separation, and electromagnetic filtration. Chemical
methods include acid-base leaching and solvent extraction. In Vietnam, ultra-clean coal can be made from
low-quality coal dust stored in mines and washing plants. The processed product has a utilization potential
in battery production, synthesis gas production from gasification technology, fertilizer production, chemical
products, metal refining, and detoxification. Furthermore, ultra-clean coal can be used as a high-efficiency
fuel for internal combustion engines, gas turbines, fuel cells, and large-capacity marine engines. Producing
ultra-clean coal is not only meaningful in terms of rational use of mineral resources, reducing greenhouse
gas emissions, and protecting the environment, but also opens up the possibility of using coal as an
important new fuel source for life. The article presents an overview of global ultra-clean coal processing
and use technologies and application prospects for coal dust in Vietnam.

Keywords: Ultra clean coal, ash degree, coal washing, coal leaching, fine coal



E RS&' HOI NGHI TOAN QUOC KHOA HOC TRAI AT
SARTM SORNCES A0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2024)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ciru sir dung bé lang lamella ban cong nghiép dé lang dong
bun thai xudng tuyén ria cia Cong ty Nhom Dak Nong - TKV

Pham Vian Luan'#"; L& Viét Hal%; Nguyén Pang T4an3; Nguyén B4 Phong? ; Nguyén Vii Hoang?
Trieong Pai hoc M6 - Pja chadt
2Céng ty Nhém Pk Nong — TKV
3Truong Pai hoc Thuy Loi
“Nhom nghién cizu Cong nghé tién tién trong Ché bién khoang san va Tai ché (MinPro)

TOM TAT

Hién nay, bé lang lamella dwgc sir dung nhiéu trong cac nha may ché bién khoang san dé lang dong bun
min. Thuc té sir dung da ching minh bé ling lamella wu viét hon so véi bé c¢6 dac truyén thong, dac biét 1a
VGi cap hat siéu min (<0,02mm). BUn thai xuéng tuyén rira ciia Cong ty Nhom Dak Néng chira d¢én 70%
cap hat -0,02mm va dang duoc ling dong bang bé co dic truyén thong, nhung hiéu qua ling dong thap.
Béo céo nay trinh bay két qua ling dong bun thai ciia cong ty bang bé ling lamella ban cong nghiép c6 dién
tich bé mat ling 8m2. Sau qué trinh ling dong d thu dugce nudc trong 6 mat do pha ran dudi 50mg/l va
ndng d6 can liang dat trén 35%, dong thai chi phi keo tu thap hon so véi thuc té san xuat. Cac két qua so bd
trén dd mo ra kha ning ap dung bé ling lamella vao thuc té ling dong bun thai xwong tuyén rira cho céc
Cdng ty Nhém thuoc TKV.

Tir khoa: Bé lang lamella; lang dong ban; tuyén quing bauxit; dudi thai

1. Giéi thigu

Hién nay, nhidu nha may ché bién khoang san trén thé gici sir dung bé ling lamella dé tach pha ran-long. Biac
biét 1a dé co dic, khir nudc quang dudi, khir slam va khir nude bun than. Thiét bi nay da thé hién dugc tinh uu
viét trong thyc té va ngay cang duoc sir dung rong réi trong cac nha méy tuyén khoang va luyén kim.

Ngay tir nhitng ndm 70 cua thé ky truéc cac nha tuyén than khu vuc Kentucky (M) da sir dung bé ling
lamella dé c6 dac bun than. Cong ty Chapperal Coal, Kentucky sir dung bé lamella cé cong suat 3600 m3/gicr dé
ling dong buin than c6 ndng do pha ran ban dau tir 8-10%. Thang 8 nim 1976, Cong ty Mary Helen Coal,
Kentucky di lap dat bé ling lamella c cong suat 190 m3/h dé ling dong buin than ¢ ndng do pha ran 10%. Cac
bé lang lamella sir dung tai c4c nha may tuyén than trén déu cho hiéu qua ling dong cao vai ham luong pha rén
trong nudc tran dudi 0,5 g/l va ndng do pha ran trong can ling trén 30% (Russell L. Cook).

Cong ty chuyén ché bién cat Kies und Beton AG, Thuy Si ¢6 ning suat 200 t/h, nudc sau qua trinh ché bién
chira nhidu sét va phu sa. Tru6e day nha may st dung bé c6 dac két hop véi may loc ép dé xir Iy nude, nhung do
nhu cau st dung nudc ngdy cang gia ting nén su két hop trén khdng con hiéu qua, bé ¢o dic thudng xuyén bi
QU4 tai. Vao nam 2009, nha may da lap dat thiét bi lamella cua hang Leiblein GmbH, cong suat 200 m¥/h dé xu
ly nuéc. Sau qua trinh lp dat, hiéu qua khir nuée cua nha may da ting dang ké, nuéc sach cua bé lamella ¢ thé
sir dung tuan hoan duoc ngay. Néu so sénh vai bé ¢o dic truyén thdng co cling ning suit trén thi phai can bé
duong kinh 16 m, nhung bé lamella chi can dién tich 4 x 4 m, dong thoi chi phi keo tu thap hon khoang 30%
(Leiblein GmbH, Hardheim; 2009).

Cong ty M + R GmbH chuyén téi ché kim loai tir réc thai dién tir va phé liéu chtra kim loai. Trong qua trinh
xtr Iy i FeSi, nudc thai duoc tao ra chira diy cac hat bun siéu min. Nudc thai phai duoc 1am sach va loai bo cac
hat min dé c6 thé tai sir dung tuan hoan. Bé xir Iy nude thai, nha may da sir dung 02 bé lamella cua hang Leiblein
c6 tong dién tich lap dat 5 x 8 m véi cong suat xir ly 260 m¥/h. Nudc sau qua trinh xir 1y dugc sir dung 1am nuéc
tuan hoan va chi phi keo tu giam 30% so véi bé ¢6 dic khéac (Leiblein GmbH, Hardheim; 2009).

Cho dén nay, c6 hon 100 loai bé lamella khac nhau di duoc sir dung trong 40 nha may tuyén khoéng & Trung
Quéc dé khir slam, c6 dic quang tinh, c6 dic quing dudi ... Nhu nha may tuyén quang sat Panzhihua, Trung
Quéc da str dung bé ling lamella dé c6 dic quiang dudi cua ciia nha may tuyén. Tir quiang dudi co ndng do pha
ran khoang 30 %, sau khi c6 dic bang bé lamella thu dugc can ling c6 ndng d6 pha rin trén 70% va nu6ce tran
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¢6 ham luong pha ran dudi 0,3 g/l (Xinglong Zhou va cac cong su; 2012; 2013).

Bé ling lamella dau tién dugc st dung & Viét Nam 1a tai Nha may ché bién quang tinh sit Minh Son (Cong
ty c6 phan dau tu khoang san An Thong, Tap doan Hoa Phat) dé lang dong bun thai ciia nha may véi cong suat
khoang 400 m3h. Nhung hién nay, thiét bj nay da chuyén sang Nha méy ché bién tinh quang sit Tung Ba dé co
dic quang dudi véi cong suat khoang 200 m¥/h véi nong do pha rin 15 - 20%, sau khi ling thu dugc can ¢ ndng
d6 pha ran trén 50%. Trong qué trinh thao Ip va van chuyén bé ling lamella tir Minh Son sang Tung B4 hau hét
céc tam nghiéng bi hong, nhung nha may chua thay thé, dong thoi do khdng ding chat tro ling trong qua ling
dong nén nudc tran cua bé ling lamella nay chua du diéu kién ding lam nuéc tuan hoan ma can phai thém mot
khau xtr Iy nira (Nha may ché bién tinh quang sit Tang Ba).

Nim 2012, tac gia Nguyén Hoang Son va céc cong su da sir dung bé ling lamella phong thi nghiém c6 dién
tich 0,05 m? dé ling dong ban than ¢& hat dudi 0,1 mm viing Quang Ninh. Theo két qua thi nghiém tir cac mau
buin than ndng do ran trong khoang 60-120 g/l sau qua trinh ling dong da thu duoc san phim nudc tran c6 ndng
d6 ban <20 g/l khi khong c6 thubc keo tu va xap xi 0 g/t khi cd thube keo tu. TUy theo tirng mau ban than ma
nang suat cap liéu vao may nam trong khoang 0,64-1,44 m3/h tuong ting V4i nang sut theo phan ran nam trong
khoang 0,04 — 0,09 t/h va ning suat riéng theo phan ran nam trong khoang 0,8 — 3,73 t/m2.h. Két qua nghién ciu
cho thay so véi cac thiét bi ling thong thuong thi thiét bi lang lamella c6 ning suét riéng cao hon han (Nguyén
Hoang Son; 2012).

2. Bé ling lamella ban cong nghiép va ké hoach thi nghiém tai Céng ty Nhém Pik Nong
2.1. Bé lang lamella ban céng nghigp

Bé lang lamella ban cong nghiép c6 cong suat 15 — 20 m/h, kich thudc 4 x 2m. Bé ling gom 4 khdi tam
nghiéng duoc thiét ké treo trén khung qua hé thdng 10 so, trén khung treo gin dong co tao rung gian doan
cho céc tam nghiéng. Mai khdi nghiéng gom 50 tim nghiéng bang inox dai 1,8 m, rong 0,28 m, dat nghiéng
55° va cach nhau 0,025 m. Téng dién tich cta cac tim nghiéng theo phwong ngang gan 60 m2. CAu tao va
anh ciia bé cho ¢ hinh 1.

Cip liéu

Nuge

Can ling

Hinh 1. Cdu tgo va dnh cuia bé ling lamella ban cong nghiép

Nguyén ly 1am viéc cua bé nhu hinh 2: Bun déu duoc cap vao duong dng (1), duge didu chinh luu luong
bang van (2) va xac dinh luu luong béng ddng (3). Bun dau duoc khuiy Voi thudc tro lang tai thing khuay
(4), sau d6 ty tran vao duong ong (5). Pé giam anh huong cua dong bun cap lidu vao ngin nén bun, bun tir
ong (5) duoc cap vao tim chén (6). Dong nudc 1én mang theo cac hat siéu Min di vao h¢ cac tam nghiéng
(7), trong qué trinh ny cac hat siéu min sé& roi vao tim nghiéng va truot xudng ngan ling, cac tim nghiéng
dugc tao rung dé tu Iam sach. Nudc trong tiép tuc di theo kénh nghiéng 1én phia trén va ty tran vao méang
thu gom nudc tran (8) rdi dwoc thao ra ngoai. Cac hat rén roi vao ngén ling va nén quéng dugc canh gat
(10) I4p trén truc (9) thu gom vao tdm bé, tao thanh san pham can lang. San phim can ling duoc ty dong
thao tai va diéu chinh bang hé théng ty dong gdm: van tu dong (11); bo do ndng do pha rin (12); hd bom

1. Ong Cap ligu; Cép llcuﬂx}—‘

2.Van diéu chinh Iuu lugng cip ligu; 1
3. Dong hé do luu lrong;
4. Thing khudy v6i thude trg ling;
5. Ong cap li¢u vao kénh nghiéng;
6. TAm chéin bun;

7. Hé tAm nghiéng;

8. Mang thu nudc tran;

9. Truc quay;

10. Canh gat gom bun; 11

11. Van ty dong théo cin ling; L

12. Bo do néng d6 rén; 13

13. H6 bom; ~ f g Cin ling
14. Bom tu dong =

15. Pong hé do luu lugng. 1z 14



Hinh 2. So' d6 nguyén tdc cia bé lang lamella ban cong nghiép

2.2. Ké hogch va diéu kién thi nghigm
Sau qua trinh lip dat va chay thir khdng tai bé lang lamella tai phan xuwong tuyén khoang cua Cong ty
Nhom Dak Nong - TKV, tap thé tac gia da tién hanh thi nghiém ban cong nghiép trong hai giai doan: giai
doan 1 thi nghiém lién tuc trong khoang 2h — 2h30° va giai doan 2 thi nghiém lién tyuc trong khoang thoi
gian it nhat tir 6 — 8 h.
Nong do pha ran bun dau va cin lang dugc xéac dinh theo cong thuc (1).
(Qp—Vp)Sr
P = gye-n *100 @
Trong d6: p — ndng do pha ran; %
Vp, — Thé tich bun khi ldy mau, chon Vy = 2 lit;
Qb — Khéi lugng bun trong thé tich V, (theo s6 ligu thuc té); kg
8 — Khéi luong riéng cua pha ran, kg/dm?, 8, =2,39 kg/dm?® (Pham Vian Luén va nnk, 2024).
Diéu kién thi nghiém: Nong d¢ pha rin bun dau thay ddi theo thyc té cua nha may, luu lugng bun cap
liéu thay ddi tir 15 — 22 m3/h. Theo két qua nghién ctru lang dong bin quing dudi cua Cong ty Nhom trong
phong thi nghiém da xac dinh dwoc chi phi keo tu C (loai dang dugc st dung tai Cong ty) va D (loai do
Hansol — Trung Quéc cung cap) nam trong khoang 30 — 40 g/t (Pham Vin Lu4n va nnk, 2024), nén trong
nghién ctru nay tap thé tac gia chi nghién ctru chi phi & hai mac 30 va 40 gt.
Két qua cua cac thi nghiém duoc danh gia thong qua ham luwong pha ran trong nudc tran (C, mg/l) va
ndng d6 pha ran trong cin ling (p, %).

3. Két qua thi nghi¢m va ban lugn
3.1. Két qud thi nghiém giai doan 1

Giai doan nay thuc hién tir ngay 30/07/2024 dén ngay 05/8/2024, cé4c thi nghiém duoc tién hanh gian
doan véi thoi gian tir 2h — 2h30°cho 1 thi nghiém diéu kién.

Trinh tu thi nghiém diéu kién:

- Bude 1: Bom ddy nudc trong vao bé (khoang 27 m?3);

- Bude 2: Xac dinh ndng d6 bun dau (theo cong thirc 1) va didu chinh van cip liéu vé vi tri luu luong
can thi nghiém:;

- Budc 3: Xac dinh chi phi keo ty;

- Budc 4: Khoi dong cac dong co cua thung khudy tiép xdc, canh gat bun va téc do quay cua cac dong
co nay. Pong thoi, cai dat thoi gian rung va tan sb rung cua dong co tao rung;

- Budc 5: Tién hanh cap lisu;

- Budc 6: Sau khoang thoi gian 30-45 phut (tuy theo Iuu lwong bun cap lidu), mo hé théng van dién thao
can lang va ty dong lay mau;

- Budc 7: Sau khoang thoi gian 60-90 phut (tuy thudc vao luu lugng thao tai) khoi dong may bom bun
thai can ling ra hd;

- Budc 8: Sau khoang thoi gian 120 - 150 ph cép liéu dé van thdo can & mirc cao nhét, bat dong co rung,
phun nuéc sach vao cac tim nghiéng va thanh bé dé vé sinh bé. Chuén bi cho thi nghiém diéu kién tiép
theo.

Sau khi cap liéu duoc trén 60 phat tién hanh ldy mau dong thoi can ling va nudc tran dé phan tich nong
d6 ran. Két qua thi nghiém trong giai doan 1 cho & bang 1.

Bang 1. Két qua thi nghiém giai doan 1

Ngay Luu luong | Nong do Chi phi keo tu ¢ 30g/t Chi phi keo tu & 40g/t
cp liéu, bun déu, Cin lang C, mg/l Cin ling C, mg/l
m’/h g/l gl | % gl | %
I, Keo tu C
30/7/2024 15 53,62 463,37 36,5 48 455,33 36 37
31/7/2024 17 57,88 458,55 36,2 41 453,74 35,9 40
01/8/2024 20 56,82 455,33 36 45 447,37 35,5 44
11, Keo tu D
2/8/2024 15 65,4 484,52 37,8 45 473,08 37,1 35
3/8/2024 17 67,55 464,98 36,6 46 458,55 36,2 42
4/8/2024 20 78,42 447,37 35,5 49 455,33 36 46
5/8/2024 20 58,96 461,75 36,4 47 458,55 36,2 47

Ghi chu: C — ham luong pha ran trong nuoc tran, mg/l

Tur két qua thi nghiém giai doan 1 nhan thay:




- V6i 14 loat thi nghiém tai nha may, nong do pha rén cia bin quang dau vao 6n dinh trong dai tir 5,2 —

7,5% (53,62 g/l — 78,42 g/l). Sau khi ling dong bang bé ling lamella ¢ cac ché do cong ngh¢ khic nhau deu

thu dugc nuéc co nong d6 pha ran ¢ mtrc dugi 50 mg/l va nong do pha rén ctia cac mau déu trén 35 % ran
(thoa mén yéu cau thiét ké);

- Céc mau c6 nong do bun cap ligu thap cho chét lugng nudc trong ot hon so véi cac thi nghiém véi
ndng do ban cap lieu;

- O cung luu luong Cap liéu, khi chi phi keo tu & mic 40 g/t ludn cho can ldng ¢ nong do lodng hon va
chat lwong nudc trong thap hon so véi chi phi keo tu 30 g/t. C6 thé nhan thay chi phi keo tu ti wu khoang
30 - 40 gft;

- Keo tu D cho ndng d6 can ldng cao hon so véi keo tu C (loai dang dung tai nha may), nhung chét lwong
nudc tran lai thip hon mot chit.

3.2. Két qud thi nghigm giai doan 2

Giai doan nay thuc hién tir ngay 6/08/2024 dén ngay 22/8/2024, cac thi nghiém dugc tién hanh lién tuc
véi thoi gian it nhét tir 6h — 8h cho mét thi nghiém diéu kién vé luu luong ban cap liéu. Dé thuan tién giai
doan nay cac thi nghiém sir dung loai keo tu C va mdi loat thi nghiém s& tién hanh hai thay doi vé chi phi
keo tu & muc 30 g/t va 40 g/t. Sau khi cap liéu duoc trén 60 phut tién hanh 1dy mau dong thoi can ling va
nudc tran dé phan tich ndng do ran. Tan suat lay mau 60 phat. Két qua thi nghiém cho ¢ bang 2 dén 5.

Bang 2. Két qua thi nghiém ¢ lueu heong bun cdp liéu 15 m3/h

Nong 0 ‘ Chi phi kfzo tu 30 g/t ‘ Chi phi k,eo tu 40 g/t
Ngay bin dau, Nong d6 can lang Nong d6 can lang
g/l C, mg/l C, mg/l
o/l % g/l %
6-08-24 46,21 463,37 36,5 37 456,94 36,1 35
7-08-24 56,82 473,08 37,1 45 464,98 36,6 42
8-08-24 51,5 474,71 37,2 44 463,37 36,5 40
9-08-24 46,21 460,14 36,3 38 455,33 36 36
10-08-24 66,47 477,97 37,4 47 473,08 37,1 45
Bang 3. Két qua thi nghiém ¢ luu lwong bun cap liéu 17 m3/h
N(‘”)ng‘d(f) ‘ Chi phi k’eo tu 30 g/t ‘ Chi phi k,eo tu 40 g/t
Ngay bun dau, Nong d6 can lang Nong d6 can lang
g/l C, mg/l C, mg/l
o/l % g/l %
11-08-24 66,47 474,71 37,2 48 471,45 37 46
12-08-24 51,5 466,59 36,7 47 463,37 36,5 45
13-08-24 40,95 448,95 35,6 40 463,31 34,8 35
14-08-24 60,02 469,63 36,9 46 463,37 36,5 44
15-08-24 51,5 471,45 37 45 468,21 36,8 42
Bang 4. Két qua thi nghi¢m ¢ fueu lwong bun cap ligu 20 m¥h
Nong o ‘ Chi phi kf:o tu 30 g/t ‘ Chi phi k,eo tu 40 g/t
Ngay bun dau, Nong do can lang Nong do can lang
g/l C, mg/l C, mg/l
g/l % g/l %
16-08-24 58,96 463,37 36,5 48 456,94 36,1 47
17-08-24 56,82 455,33 36 48 448,95 35,6 46
18-08-24 55,75 450,55 35,7 49 4426 35,2 45
19-08-24 441 437,87 34,9 45 463,31 34,8 42




20-08-24 56,82 447,37 35,5 48 447,37 ’ 35,5 ‘ 47
Bang 5. Két qua thi nghiém 6 heu heong bun cap liéu 22 m3/h
Nong o ‘ Chi phi kfzo tu 30 g/t ‘ Chi phi k,eo tu 40 g/t
Ngay bun dau, Nong d6 can lang Nong d6 can lang
g/l C, mg/l C, mg/l
g/l % g/l %
21-08-24 60,02 4457 34,7 50 4426 34,2 49
21-08-24 60,02 4457 35,2 52 4426 35,0 51
22-08-24 58,96 450,55 34,9 48 4426 34,4 46
22-08-24 58,96 4442 35,2 51 439,46 35,1 47

T két qua thi nghiém thay doi luu lugng bun va chi phi keo tu & giai doan 2, c6 mot s6 nhan xét sau:

- Khi thay d6i luu Iwgng bun theo thiét ké tir 15 m3h — 20 m3/h déu thu dwoc san pham cin ling ¢ nong
d trén 35 % va nudce tran c6 ham luong pha ran dudi 50 mg/l, dam bao theo thiét ké;

- Tuy nhién, & nong do pha rin bun cap liéu dudi 4% (nho hon so vai thiét ké) nong do can ling méi dat
gan 35 % (xem bang 7 ngay 19/8), nhung chét lugng nudc tran tét hon. Nguyén nhan la vi ldy mau cuing
mot thoi diém dé so sanh va van théo tai dé cung mot mac nén can ling chwa dat nong d6 da bi thao;

- Vi thi nghiém & luu luong 22 mé/h, tap thé tac gia ldy 02 miu & cling mot diéu kién dé so sanh. Két
qua phan tich cho thiy mau & thoi diém dau cho can ling va nude tran ¢6 ndng d6 pha ran thap hon thoi
diém sau. Mau ¢ thoi dlem sau 6 xu thé cho chat luong nudc tran thip hon (xem bang 8). Pong thoi, cac
thi nghiém & luu luong cap liéu nay deu cho két qua thi nghiém thip hon so véi cac thi nghiém & luu lwong
dudi 20 m¥h. D1eu nay c6 thé la do miy nguyén nhan sau: (1) dién tich ling cua may khong du; (2) thoi
gian két bong ngén va (3) chua ddng bo gitra viéc thao san pham va cép liéu.

3.3. Ddnh gia higu qud lam vigc cia bé ldng lamella 15 — 20 m3/h khi thér nghiém thuc té tai Cong ty
Nhom Dak Nong

Két qua thi nghiém ling dong bun thai xuong tuyén rira tai Cong ty Nhom Pak Nong — TKV bing bé
ling lamella cong suit 15-20 m¥h rat kha quan va dap ung theo thiét ké. Can lang va nudc tran caa bé ling
lamella déu t6t hon so véi s liu cua bé c6 dac dang lam viéc thuc té tai Cong ty.

Gia str khi lang dong bun dau & ndng d6 6% va luu lugng 20 m3/h bang bé lang lamella, sau khi lang thu
dugc can ling c¢6 ndng dé 35% va ham lwong pha rin trong nudc trong 50 mg/l. Tuong tu ciing & ndng do
va luu lwong bun dau nhu trén nhung ling dong bang bé ¢6 dic cua Cong ty thu duoc can ling ¢6 nong do
pha ran 17% va ham lugng ran trong nuéce tran khoang 100 mg/l (Bao céo san xuét, 2023). Khi d6 s& xac
dinh dwoc bang can bang bun nudc cho bé ling lamella va bé c6 diac ¢ bang 6 va 7.

Bang 6. Bang can bang bun méc cho bé lang lamella

Tén san phim Q, t/h L/R p,% Vb, m3/h V,, m¥/h
Cép liéu 1,2434 15,6667 6 20 19,48
Cin ling 1,2426 1,8571 35 2,83 2,31
Nudc tran 0,0008 21462,5 0 17,17 17,17
Cong 1,2434 15,6667 6 20 19,48

Bdng 7. Bang can bang biin mieéc cho bé cé ddc dang sir dung

Tén san pham Q, t/h L/R p,% Vb, m¥/h Vs, m¥/h
Cép liéu 1,2434 15,6667 6 20 19,48
Cin ling 1,2421 4,8824 17 6,58 6,06
Nudc tran 0,0013 10323,08 0,01 13,42 13,42
Cong 1,2434 15,6667 6 20 19,48

Tirbang 6 va 7 nhan thay: Khi sir dung bé lang lamella s& tiét kiém dugc mot lugng nudée trong 14 17,17-
13,42 = 3,75 m¥h.



Thuyc té hai bé c6 dic cua nha may dang chay véi luu lugng khoang 4000 m3/h, tirc gap 200 lan so véi
bé ling lamella thi nghiém. Néu nha may chay lién tuc 300 ngay, mdi ngay 3 ca 8 gio va sir dung bé ling
lamella dé ling dong bun thi lugng nudc tuan hoan tiét kiém duoc trong 1 nam sé 1a: 3,75*200*3*8*300 =
5.400.000 m®,

Theo két qua thi nghiém bang bé ling lamella thi chi phi keo tu giam khoang 10 g/t (Béo co san xuat,
2023). Hién nay, nha may san xuat hang nam khoang 1.500.000 tin quing tinh, do d6 lugng keo tu giam 1
nam la: 10 * 1.500.000 = 15.000.000 g = 15.000 kg.

Nhu vay, néu thay thé bé co dic truyén thong bang bé ling lamella Nha may s& tich kiém duwoc mot
lwong 16n nuéc sach bd sung, giam chi phi keo tu va dién tich hd thai.

Tuy nhién, trong qué trinh ling dong bun bang bé ling lamella 15 — 20 m3/h, céc van théo cin ling trong
hé théng thao va lay mau ty dong hay bi tic. Didu nay 1a do dwong kinh caa van nho (chi yéu 1a van lay
mau tu dong), vi vay khi bun dic va chira nhiéu ré cay nén dan dén tic van. Van dé s& duoc khic phuc khi
lam may cdng nghiép, do céc van thao can co duong kinh 16n hon. Dé giam anh huong cua ré cay nén lam
thém sang tach rac trudc khi cap liéu vao bé lamella.

4, Két luan

Hién tai cac Cong ty Nhom thuoc TKV thuong xuyén bj thiéu dién khai thac nén khong on dinh duoc
chat lugng quang nguyén khai, khi quang nguyén khai dwa vao tuyén rira xau, chira nhiéu cap hat -1 mm
va bun sét thi bé co dac dé bi qué tai anh huong dén chat luong nudce tuan hoan, chét lugng quang tinh va
nang suat tuyén ria. S6 gio dimng san xuat dé xir Iy ban tai xuong tuyén rira cia Cong ty Nhom ik Nong
hang nam 1én dén hon 100 gid. Ngoai trir bé c¢6 dac, cac thiét bi trong xudng tuyén rira ciia 02 Cong ty déu
c6 kha ndng tang cong sudt va dam bao nang ké hoach nang cdng suét alumin 1én 800.000 tan /ndm. Nhu
vay, dé dam bao chat lwong va ning suét quing tinh, cling nhu nhu cdu ting cong suit hai Cong ty Nhom
thuoc TKV can sém dua ra giai phap nang cao hiéu qua lang dong bun thai xudng tuyén ria.

Mau bun thai tuyén rira cua Cong ty Nhém Dk Nong va Lam Ddng déu chira trén 60 % cip -0,02 mm,
mau bun thai caa Dak Néng chira nhiéu man sét va khdi lugng riéng thip hon so voi Lam Ddng. Mau bun
Dik Nong chitra khoang 40 % khondag vat gipxit con Lam Ddong vao khoang 50 %; Tap chit SiO, trong mau
bun Lam Dong ton tai chu yéu trong thach anh, con Bik Nong nam trong kaolinit; ham lwong sét trong
mau Lam Ddng cao hon Dak Nong 4 — 6%.

Céc thi nghiém lang dong bun thai xuéng tuyén rira tai Cong ty Nhom Pak Nong — TKV bang bé ling
lamella cong suat 15-20 m3/h déu cho két qua tét, dat yéu cau so véi thiét ké. Tir bun dau c6 ndng do pha
ran khoang 5-7%, sau khi ling dong déu thu duoc cin ling c¢6 ndng do trén 35% va ham luong pha ran
trong nudce tran dudi 50 mg/l.

Néu thay thé toan bo bé co dac bang bé Iéng lamella, hang nam s& gitip Cong ty Nhom Dik Nong tiét
kiém duoc khoang: 5,5 triéu m? nuéc; 15 tan keo tu. Ngoai ra, cho phép Cong ty it phai dung san Xuat dé
xur 1y bun, giam thé tich va nang cao tudi tho cho hd thai, chat luong nudc tuan hoan tét hon va dép ung
nhu cau tang cong sudt ciia nha may .

Can tiép tuc thur nghiém bé ling lamella cong suat 15-20%h tai Cong ty Nnom Dk Nong ¢ thoi gian lau
hon va két ndi vao hé thdng ling dong bun cua phén xudng tuyen khoang. Tur d6 dua ra phuong an phu
hop dé st dung bé lang & giai doan tiép theo nham ting hiéu qua ling dong bun va nhu cau ting cong suat
cua Cong ty.

Loi cam on

Tap thé tac gia xin chan thanh cam on Tap doan Cong nghiép Than — Khoang san Viét Nam d3 tai tro
kinh phi cho nhém nghién ciru thong qua de tai Tap doan mé s6: KC.01D04-22/21-25. Ngoai ra, ching toi
cling xin cam on Cong ty Nhom Dak Nong va da tich cye giup d& chung toi trong viéc thuc nghiém tai
phéan xudng tuyén khoang cua Cong ty.
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ABSTRACT

Study on sedimentation of tailings sludge of Dak Nong bauxite
processing plant by pilot scale lamella thickener

Pham Van Luan'** Le Viet Ha'*; Nguyen Dang Tan®; Nguyen Ba Phong?; Nguyen Vu Hoang?
'Hanoi university of mining and geology
2\/inacomin - Daknong Aluminium Company
3Thuyloi University
“4Research Group Advanced Technologies in Mineral Processing and Recycling (MinPro)

Currently, lamella thickener was widely used in mineral processing plants to settle fine sludge. In fact,
lamella thickener have been proven to be superior to traditional concentration thickeners, especially with
ultra-fine particle size (<0.02 mm). The sludge from the washing of Dak Nong bauxite processing plant
contains up to 70% of particle size -0.02 mm and is being settled by traditional concentration thickeners,
but the settling efficiency is low. This report presents the results of settling the company's sludge using a
pilot scale lamella thickener with a settling surface area of 8 m?. After the settling process, clear water was
obtained with a solid phase density of less than 50 mg/l and a sedimentation concentration of over 35%,
while the coagulation cost was lower than the actual production. The above preliminary results have opened
up the possibility of applying lamella thickener to the actual settling of sludge from bauxite processing
plant workshops for Aluminum Companies under TKV.

Key word: lamella thickener; settle sludge; bauxite processing;
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TOM TAT

Qua trinh dt than & cac nha méy nhiét dién ludn sinh mét luong lon bui min dugc goi 1a tro bay. Tro bay cua nha may
néu dugce luu trix tai kho bai s& 1am tén dién tich nha xuéng va gay 6 nhigm mai trudng. Viéc nghién ciru tuyén tro bay
dé thu hoi than sach dem tai sir dung va phan con lai dem lam vat ligu xay dung s& gop phan giam thiéu 6 nhiém méi
treong, giam chi phi san Xuét va tan thu ngudn tai nguyén khoang san. Béo céo trinh bay két qua nghién ciru thi nghiém
tuyen ndi tro bay cua phan xuong nhigt dign tai Cong ty Nhom Dak Nong. Két qua nghién cuu di xac dinh dwoc cac
ché d6 cong nghé tuyén t6i wru va hiéu qua thu hdi than sach. Khi tuyén ndi miu tro bay ban diu c6 do tro 70,92%, &
ché d6 t6i wu da thu duoc san pham than sach c6 do tro dudi 35%, thuc thu phan chay dat khoang 92% va san phém da
thai c6 do tro trén 95%.

Tir khéa: Tro bay; tuyén ndi; than sach

1. Pit véan dé

Tai Viét Nam, theo thdng ké cho thdy ca nudc c6 31 nha may nhiét dién dét than dang hoat dong. Luong
tro bay phét thai c6 xu huéng ting dan theo tirng nam: Nam 2019 1a 13,6 triéu tan; nam 2020 1a 14,8 triéu
tan; nam 2021 1a 16,35 triéu tn; ndm 2022 1a 15,78 triéu tin va nam 2023 1a hon 18,07 triéu tan. Tinh dén
cubi nam 2023, tong lwong tro bay nhiét dién cong don qua cac ndm trén ca nudc khoang 83 triéu tan, chiém
khoang 66,2% tong lwong phat thai tir true téi nay. Dy bao dén nim 2030, khi tong cong sut nhiét dién
@bt than cua ca nude ting 1én khoang 77.000MW, kéo theo d6 1a lwong than tiéu thy 14 176 triéu tin thi
lugng tro bay phat sinh s& dat 35 triéu tan/nam (https: /lbaoxaydung.com.vn). Do do, Chinh phu da c6 chi
thi thic ddy viéc sir dung tro bay, xi than 1am nguyén liéu san xuat vat liéu xay dung va str dung trong cac
cong trinh xay dung. Theo do, xu ly, téi ché va sir dung tro bay c6 thé gop phan giam bot phat thai gay 6
nhiém moi trudng. Trén thyc té, viéc st dung tro bay dé dé san xuét vat liéu xay dung da dugc nhidu don
vi &p dung, dem lai hiéu qua cao vé mat kinh té trong bdi canh gié vat liéu tang phi ma hién nay. Trong do,
tro bay ding lam phu gia bé tong dang dugc st dung kha phd bién, gilp ting cuong d6 bé tong ciing nhu
kha ning chéng thim, chéng kiém va tinh bén sunfat, giam do co gdy cuia vat liéu nay
(https://cafeland.vn/tin-tuc/). Hién nay, tro bay dugc nhiéu nudc coi 1a nguén tai nguyén tha sinh cd gia tri,
dac biét d6i voi nganh xay dung.

Cac nghién ctru quy mo phong thi nghiém duoc thuc hién ¢ nhiéu nuéc cho thay cé thé tuyén than tir tro
bay bang phuong phip tuyén nol Nam 2005, J.Drzymala, J. T. Gorke, and T. D. Wheelock da thyc hién
nghién ctru tuyén tro bay véi mau ban dau c6 do tro 25% thu duoc than sach co do tro dudi 6%, thuc thu
tir 87-95%, d4 thai co do tro tir 70-80% (J. Drzymala et al, 2005). Tai M, Walker va cic cong su cling da
nghién ciru tuyén noi tro bay trong phong thi nghiém, tir mau c6 db tro ban dau 25,9% thu dwgc than sach
6 do tro tir 1-2%, thyc thu 1én dén 95%, da thai c6 do tro tir 60-75% (Amanda Walker et al, 2006). Qua
trinh tuyén néi than tir tro bay con dwoc thuc hién & quy mo cong nghiep ¢ nhiéu quéc gia dé san Xudt vat
lieu xay dung. Tai Quang Dong, Trung Quoc mot nha may tuyen n6i thwong mai c6 cong suat xir 1y 110
tan tro bay than (kh6) moi gio da dugc thiét ké dé thu duoc san pham than sach c6 do tro 3,08% va da thai
6 do tro 80,41% (Yang, L.et al, 2020). Tai Nhat Ban, cong nghé tuyén ndi vai thiét bi tuyén néi cot dugc
&p dung dé xir ly tro bay 1am vat liéu xay dung, véi tng luong tro than do cac nha may nhiét dién tao ra
vuot 10 triéu tan va 97,4% tro bay da dwoc sir dung va 96,3% trong téng s6 dwoc sir dung trong nganh xi
mang lam nguyén liéu thd (Hangwei Lin et al, 2021).

*Tac gia lién h¢
Email: phamthinhung@humg.edu.vn
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O Viét Nam, hién c6 mot sé nha mdy thu hoi ché bién tro bay va san xut gach khong nung tir tro xi da
dugc xdy dung van hanh ¢ gan mot s6 nha may nhiét dién nhu tai Nha may San xuét tro bay Pha Lai (voi
8 day chuyén tuyén tro bay theo cong nghé tuyen ndi voi cong sudt 40.000 tan/thang), Nha may Ché bién
tro bay Cao Cudng (cong suat 80.000 tin san pham/nam st dung ngudn tro xi ciia Nha may Dién Pha Lai),
Xuong tuyén tro bay ctia Ban Quan 1y cong trinh Thiy dién Son La c6 cong sudt 10.000 tin/thang, str dung
nguén tro xi cia Nha mdy Dién Pha Lai II), xuong tuyén tro bay ciia Cong ty CP Nhiét dién Ninh Binh
(cong suat 50.000 tan/nam su dung ngudn tro xi cia Nha may Dién Ninh Binh. V& cong nghé tuyén ndi
cuia cac nha may gan nhu 1 giéng nhau. Hién nay, vé cong tac quan Iy can chil ¥ cic nha may nhiét dién
chay than va ca cac nha may st dung than nhu luyén kim, ché bién khoang san, san xuat gbm st... can phai
¢6 cac du an lién két v6i cac nha may xi-ming, bé-tong, gach xay dung... dé tan dung ngudn tro xi than
lam nguyén liéu du vao cho san xuét (https://moit.gov.vn/bao-ve-moi-truong/).

Nha may Alumin Nhan Co thudc Tap doan Cong nghiép Than - Khoang san Viét Nam da di vao hoat
dong tir nam 2017 dén nay, v6i cong sudt thiét ké 650 nghin tAn alumin/nam. Dé dap tng dugc yéu cau
cong nghé san xuit alumin, cung cip nhiét cho khau hoa tach va cac khau khac, cling nhu b6 sung mot
luong dién cho qua trinh van hanh nha may da xay dung 2 t6 may phat dién c6 tong cong suit dat 28 -
30MW. Theo thyc té san xuat cho thy, dé van hanh cho mot t6 may phat dién c6 cong suat 14-15 MW can
tiéu thu khoang 620 tan than antraxit mdi ngdy. Trong qua trinh d6t than dé san xuat dién, sinh ra khoang
4000 - 5000 tan tro bay/thang. Tro bay ctia nha may thai ra duoc chat déng tai kho bai s& lam tén dién tich
nha xudng va 1am 6 nhiém méi truong. Boi vay dé dam bao moi truong va giam dién tich kho chira, cac
Cong ty Nhom thudc TKV da thué cac don vi ngoai dé xir 1y tro bay cua phan xudng nhiét dién, nén da lam
tang chi phi san xuét (https://cafeland.vn/tin-tuc/; https://nld.com.vn/thoi-su/).

Pé thu hdi than sach tir tro bay cua phan xuang nhiét dién tai Cong ty Nhém ik Néng, nhom nghién
ctru str dung phuong phap tuyén néi. Trong qué trinh tuyén néi than tir tro bay can phai sir dung thudc tuyén
vai thanh phan chinh la cac hydrocachon (dau diezel, dau hoa, dau mazut, dau thai...) va mot so chat phu gia
khac (Pham Van Luén, 2018; Nguyen Hoang Son, 2012). Bao cao nay trinh bay két qua nghién ctru tim ra
thudc tuyén phu hop va dua ra ché do tuyén t6i uu dé thu hdi than sach dat chét lvong dem tiéu thu. Két qua
nghién ctiru néu &p dung vao thuc tién s& mang lai hiéu qua kinh té cho Cong ty Nhom Dk Nong noi riéng
va nganh than n6i chung, dong thoi gp phan lam tang trir luong than va sir dung tong hop ngudn tai nguyén
khoang san.

2. Miu va phuong phap thi nghi¢m
2.1. Mdu nghién cizu

Mau nghién ctu 13 tro bay Iy tir bai chira bui ciia Cong ty Nhom Dak Néng duoc van chuyén vé Phong
thi nghiém caa Bo mon Tuyén khoang vai khéi lugng mau 100kg. Mau sau d6 dugc phoi kho, gia cong
tron déu, gian lugc ldy mau phén tich ray, phan tich do tro va mau 1am thi nghiém. Tinh chat mau nghién
catu cho ¢ Bang 1.

Bdng 1. Bing két qua thanh phan do hat mau dau

Cép hat, mm Thu hoach,% b6 tro, %

0,5-1 0,25 76,76
0,2-0,5 0,43 76,97
0,1-0,2 8,31 71,25
0,074-0,1 7,74 63,37
0,04-0,074 21,53 54,11
0,02-0,04 9,57 52,12
-0,02 52,17 82,29
Miu diu 100 70,92

2.2. Phwong phap nghién ciru

Céc thi nghiém xac dinh cdng ngh¢ tuyen noi mau tro bay duoc tién hanh trén may tuyén ndi dang ngin
may co gidi ¢6 dung tich 14 11 (Hinh 1) va so d6 tuyén cho ¢ Hinh 2.
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Hinh 1. Anh may tuyén néi co gidi phong thi nghiém Hinh 2. So do thi nghiém tuyén diéu kién

Phuong phap thi nghiém: Céc thl nghiém duoc tién hanh theo phuong phap truyen thdng, nghia 1a tién
hanh khao sat lan luot tirng théng sb. Trong mo| loat thi nghiém cac thong sb diéu kién duoc gilr nguyén
ngoai théng sé dugc khao sat. Gié tri thdng sb tot nhat & loat thi nghiém trude duoc gitr ¢d dinh cho céac
loat thi nghiém sau.

Diéu kién thi nghiém: Céc thi nghiém duoc tién hanh trén méy tuyén ndi ngin may co gidi ¢6 dung tich 1a 11.
Tién hanh lan luot cac thi nghiém didu kién. Thi nghiém thay d6i hon hop céc loai thubc tap hop khéc nhau la
dau diezen va dau hoa; dau thai va dau hoa, diu mazut va dau hoa. Thi nghiém khao sét chi phi thudc tap hop tir
1500g/t dén 2100g/t. Thi nghiém khéo sét nong do bun tir 80 dén 140g/l. Thi nghiém khao st chi phi thudc tao
bot la dau thdng tir 50-150g/t. Thoi gian khuay tiép xtc thudc tuyen la 5 phat. Thoi gian gat bot [a 5 phit. Cac
san pham sau tuyén s& duoc gan nudc, loc, sdy, can xac dinh khdi lwong, l1dy mau dé phan tich do tro.

3. Két qua thi nghiém .
3.1. Thi nghiém khdo sat @dnh hwéng cia cac logi thuac tdp hep khac nhau

Tién hanh thi nghiém tuyén ndi mau tro bay véi chi phi thudc tap hop cé dinh 1700g/t va thay ddi cac
loai dau khong cuc khac nhau, mdi loai dau déu dwoc phdi tron véi dau hoa theo ty 18 1:1. Két qua thi
nghiém cho & Bang 2. Biéu d6 biéu dién anh hudng cua céc loai thude tap hop dén két qua tuyén cho & Hinh 3.

Bdng 2. Két qua thi nghiém tuyén néi mau tro bay véi cdc logi thudc tdp hop khéc nhau

. £ - Z " Thuc thu ph:“m
(V) 0 .
Loai thuoc San pham Thu hoach,% Do tro,% chay,%
Than sach 21,28 57,16 31,35
TNL: Dau diezen "0y s 7872 74.64 68,65
+Dau hoa
Mau dau 100 70,92 100
Than sach 27,27 48,05 48,73
TN2: Dau thai + |0y s 72,73 79,51 51,27
dau hoa
MAu dau 100 70,93 100
Than sach 40,67 34 92,3
TN3: Daumazut + ['p oy o 59,33 96,23 7,70
dau hoa
MAiu diu 100 70,92 100
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Hinh 3. Biéu do biéu dién dnh huong ciia cdc logi thudc tdp hop dén két qua tuyén néi mau tro bay

Tur két qua thi nghiém cho thay véi hon hop thudc tap hop 1a dau mazut + dau hoa cho két qua tuyén tot,
san pham than sach thu duoc c6 thu hoach 40,67%, do6 tro 34%, thuc thu phan chay 92,3%. San pham da
thai c6 d6 tro 96,23%.

3.2. Thi nghiém khdo sat dnh hwéng cia chi phi thuéc tdp hep
‘Tién hanh thi nghi¢m tuyén noi mau tro bay vsi chi phi thudc tap hop thay doi tir 1500g/t dén 2100g/t.
Két qua thi nghiém cho & Bang 3. Bo6 thi biéu dién anh hudng caa chi phi huoc tap hgp dén két qua tuyén
cho ¢ Hinh 4. ) L )
Bang 3. Két qud thi nghiém tuyén néi mau tro bay véi chi phi thuoc tdp hop khdc nhau

Chi phi . 2 ° Ao Thyc thu phan
thube,g/t Sdn pham Thu hoach,% Do tro,% chay.%
Than sach 39,68 33,13 91,28
1500 Pa thai 60,32 95,79 8,72
Miu dau 100 70,93 100
Than sach 40,67 34 92,3
1700 b4 thai 59,33 96,23 7,7
MAiu diu 100 70,92 100
Than sach 42,08 36,95 91,24
1900 Pa thai 57,92 95,62 8,76
Miu dau 100 70,93 100
Than sach 43,85 39,81 90,76
2100 b4 thai 56,15 95,21 9,24
Miu dau 100 70,92 100
;gg 0128 | D3 ol2s | oh.76
S 80
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Hinh 4. D6 thi biéu dién anh hirdng cia chi phi thubc tdp hop dén két qua tuyén néi mau tro bay



Tir két qua thi nghiém cho thy vi chi phi thudc tap hop téi wu 1a 1700g/t cho két qua tuyén tot, san
pham than sach thu dugc cd thu hoach 40,67%, d6 tro 34%, thuc thu phan chay 92,3%. San pham d4 thai
c6 d0 tro 96,23%.

3.3. Thi nghiém khdo sat @nh hweéng cia chi phi thuéc tao bet

Tién hanh thi nghiém tuyén noi mau tro bay véi chi phi thudc tao bot thay doi tir 50g/t dén 150g/t. Két
qua thi nghiém cho ¢ Bang 4. D6 thi biéu dién anh huong cua chi phi huoc tap hop dén két qua tuyén cho
& Hinh 5.

Bdng 4. Két qud thi nghiém tuyén néi mau tro bay véi chi phi thuéc tao bot khdc nhau

Chi phi thude,g/t San phim Thu hoach,% Do tro,% Thue thu phin chay,%
Than sach 36,55 33,12 84,09
50 ba thai 63,45 92,69 15,91
Tﬁng 100 70,92 100
Than sach 40,67 34 92,3
100 P4 thai 59,33 96,23 7,7
Téng 100 70,92 100
Than sach 39,45 39,98 81,42
150 P4 thai 60,55 91,07 18,58
Téng 100 70,91 100
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Hinh 5. D6 thi biéu dién anh hieong ciia chi phi thudc tao bot dén két qua tuyén néi mau tro bay

Tir két qua thi nghiém cho thy véi chi phi thubc tao bot t6i wu 1a 100g/t cho két qua tuyén tét, san pham
than sach thu duoc ¢6 thu hoach 40,67%, d6 tro 34%, thuc thu phan chay 92,3%. San pham da thai c6 d6
tro 96,23%.

3.3. Thi nghi¢m khdo sét dnh hwéng ciia néng dé bun

Tién hanh thi nghiém tuyén ndi mau tro bay véi chi phi thudc tap hop cb dinh 1a 1700g/t, chi phi thubc
tao bot 100g/t, thay d6i nong

d6 bun tir 80 dén 140g/I. Két qua thi nghiém cho & Bang 5. B thi biéu dién anh huong cia nong do bun
dén két qua tuyén than cho ¢ Hinh 6.



Bdng 5. Két qua thi nghiém tuyén néi mau tro bay véi nong dé bin khdc nhau

Noéng dd bun, g/l San pham Thu hoach,% b6 tro,% Thue thu phén chay,%
Than sach 38,73 33,07 89,14
80 b4 thai 61,27 94,84 10,86
Téng 100 70,92 100
Than sach 40,67 34 92,3
100 ba thai 59,33 96,23 7,7
Téng 100 70,92 100
Than sach 44,11 40,32 90,49
120 ba thai 55,89 95,06 9,51
Tong 100 70,91 100
Than sach 47,59 48,91 83,61
140 b4 thai 52,41 90,91 16,39
Tong 100 70,92 100
100
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Hinh 6. D6 thi biéu dién dnh hirong ciia nong do bin dén két qua tuyén néi mau tro bay

Tir két qua thi nghiém cho thay khi ting ndng do bun tir 80g/I 1én 100g/1 thu hoach than sach ting Ién tir
38,73% lén 40,67%, d6 tro than sach tang tir 33,07% Ién 34%, do tro da thai tang tir 94,84% lén 96,23%,
thuc thu phan chay trong than sach ting tir 89,14% lén 92,3% cho két qua tuyén tt. Khi ting tiép ndng do
bun tir 100g/1 1én 120g/1 va 140g/1 thu hoach va thyc thu than sach ting khéng dang ké, do tro than sach
déu >40%. Chon chi phi ndng do bun tdi wu 1a 100g/1.

4. Két luan

- MAu tro bay ctia phan xuéng nhiét dién tai Cong ty Nnom Bik Nong co do hat rat min, chiém khoang
85% cap -0,074mm thich hop cho qua trinh tuyén noi. Dé tuyén ndi nham thu hoi than sach chat lugng cao
can lya chon sir dung hn hop thudc tap hop Ia dau mazut véi dau diezen theo ty I¢ 1:1.

- Khi tuyén néi mau quang tro bay bing may tuyen ndi ‘ngan may co gioi phong thi nghiém co6 dung tich
1a 11 da xé4c dinh duoc loai thudc tuyén va ché do tuyén tbi wu véi chi phi thube tap hop (dau mazut + dau



diezen) 1700g/t, nong d6 ban 1a 100g/1, chi phi thubc tao bot (dau thong) I1a 100g/t. Két qua thu dugc san
pham than sach c6 do tro dudi 35%, thyc thu phan chay khoang 92%, san pham da thai d6 tro cao trén 96%.

- Can tiép tuc nghién ctru & quy md I6n hon dé danh gia hiéu qua kinh té - ky thuat va tac dong moi
truong ciia phuong an lya chon dé kién nghi 4p dung vao san xuét, gop phan giam chi phi mua than do tan
thu dwoc ngudn than sach tuan hoan 1am nhién liéu, st dung dudi thai sau tuyén lam vat liéu xay dung, tan
thu tai nguyén, giam thiéu 6 nhiém méi truong.
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ABSTRACT

Research on clean coal recovery technology from fly ash of Thermal
power plant at Dak Nong Aluminum Company

Pham Thi Nhung?, Tran Van Duoc*®, Nhu Thi Kim Dung®® Vu Thi Chinh3
Phan Chi Khanh? Luu Cong Hau?
'Hanoi University of Mining and Geology
2Dak Nong Aluminium Company — Vinacomin
SResearch Group Advanced Technologies in Mineral Processing and Recycling (MinPro)

During the process of burning coal in thermal power plants, a large amount of fine dust called fly ash is
always generated. Fly ash discharged from the factory and piled up in warehouses will waste factory space
and cause environmental pollution. Research into fly ash collection to recover clean coal for reuse and use
the remainder as construction materials will contribute to minimizing pollution in each field, reducing
production costs and taking advantage of mineral resources. The report presents the results of research on
flotation experiments to recover clean coal from fly ash of the thermal power plant at Dak Nong Aluminum
Company. The research results have identified the optimal processing technology regimes and the
efficiency of clean coal recovery. When flotation of the initial fly ash sample with an ash level of 70.92%,
in the optimal mode, a clean coal product with an ash level of less than 35% was obtained, the actual
combustion fraction reached about 92% and tailing product with an ash level of over 95%.

Keywords: Fly ash; flotation; clean coal
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E RS&' HOI NGHI TOAN QUOC KHOA HOC TRAI AT
SARTM SORNCES A0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2024)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ciru xac dinh ché do thudc tuyen hop 1y dé tuyen quang kém
oxit mo Cho Dién - Bac Kan

D6 Thi Nhu Quynh?3; Pham Van Luan'#"; Lé Viét Hal#;
Trieong Pai hoc M6 - Pja chadt
2Cong ty Co phan Tuw van Cong nghé va Thiét bi Mé - Luyén kim
3Nghién cizu sinh Trieong Pai hoc M6 - Pja chadt
“Nhém nghién cizu Cong nghé tién tién trong Ché bién khoang san va Tai ché (MinPro)

TOM TAT

Quang k&m oxit Chg Pién c6 dac diem la phong héa manh; ham lugng k&m tir 6 - 10%; k&m ton tai trong
cac khoang hemimorphit (halamin), smithsonit va chalcophanite; dét da chu yéu 1a gotit, sét va thach anh.
Nhung dén nay chua c6 nghién ctru kha thi nao dé dua loai quing nay vao thyc té san xuat. Béo cao nay,
trinh bay anh huong cua cac loai thudc tuyén (thudc tap hop; dé chim; phan tan...) dén qué trinh tuyén
quang kém oxit. Tur d6, xay dung ché @6 thudc tuyén phu hop dé tuyén noi quang kém oxit mo Cho Bién.
Sau khi tuyén & ché d6 thudc tuyén dé xuét thu dugc quang tinh kém c6 ham luong 20 - 25% vdéi thuc thu
tir 55-60%. Céc két qua tuyén so bo trén da mé ra trién vong phat trién cong nghé tuyén quiang oxit kém co
tinh kha thi vé& mat kinh té - k§ thuat cho mé Cho Dién.

Tir khoa: quang kém oxit, tuyén ndi, thudce tuyén ndi

1. Giéi thi¢u

K&m 12 mot trong nhitng kim loai ¢6 gid tri kinh té cao duoc sir dung phé bién sau sit, nhém, dong va dugc
g dung trong nhiéu nganh céng nghiép. K&ém kim loai chi yéu sir dung dé san xuat hop kim, ma kém, pin
va la chat phu gia quan trong trong cong nghiép san xuat cao su va son. Dac biét, nhu cau k&m kim loai cho
céc nganh cong nghiép nang lwong tai tao va mat troi s& taing manh trong nhiig nam tiép theo (ILZSG, 2020).
Ciing theo ILZSG, nhu cau kém tinh ché toan cau du bao s& giam xudng con 13,79 triéu tn vao nim 2022,
nhung sé& tang 1én 13,99 triéu tin vao nam 2023. Dong thoi, luong kim loai kém thiéu hut trong nam 2022 va
2023 lan Iuot 12 297.000 tan va 150.000 tan. Tai Viét Nam, nhu cau k&m kim loai trong giai doan 2020 - 2025
vao khoang 160.000 dn 200.000 tin/ndm. Tuy nhién, cic nha may luyén kém trong nudc chi dap Gng dugc
khoang 12.000 tan/nam (vinacomin - minerals holding corporation, 2015). San lugng k&m thoi (99,95% Zn)
ctia nha may dién phan k&m Théi Nguyén trong nhitng ndm géan déy chi dat dudi 12.000 tn/nam, thip hon so
vai thiét ké 15.000 tin/nam. Do nha may khong du nguyén lidu dé san xuét, vi quang sunfua nguyén khai
ngdy cang nghéo di va viéc khai thac da dén giai doan cudi nén san lugng quang tinh kém sunfua cp cho nha
may dién phan ngay cang giam. Pong thoi, quang kém oxit nguyén khai giau véi ham luong trén 15 % Zn
cling da duoc céc nha may sir dung gan hét. Néu khong co cac bién phép sir dung quang kém oxit nghéo thi
nguon nguyén liéu trong nude cung cap cho nha may dién phan kém Thai Nguyén, Viét Nam sé& thiéu hut
tram trong trong nhiing nam téi. Trong khi d6 trir luong kim loai k&m trong quang oxit tai Viét Nam vao
khoang 226.618 tan (1997/QD-TTg, 2015). Loai quing oxit ham luong 5 — 10% Zn tap trung chii yéu tai Cho
Dién, Bic Kan vai trit lugng khoang 873.220 tan (Tran Thi Hién, 2007). Nhung dén nay van chwa dugc tuyén
dé tan thu kém. Vi vay, Viét Nam can sém dua ra phuong an cong nghé tuyén c6 tinh kha thi vé mat kinh té -
ky thuat dé thu hoi loai quang nay cung cap cho cac nha méy ché bién bot oxit kem va dién phan.

Tuyén néi 1a phuong phép phé bién nhat dé lam giau quang k&m oxit. Viéc lya chon ché do thude tuyen
va loai thubc tuyén trong qua trinh tuyén ndi quang kém oxit phu thudc vao khoang vat oxit kém chinh can
thu hdi va cac khoang vat dat da di kém. Hién nay, nhidu nghién ctu sir dung nhitng phuong 4n sau dé
tuyén néi quang kém oxit.

- Sulfid h6a bang NaS roi tuyén ndi bang thubc tap hop cation (nhu amin); (Majid Ejtemaei, et al, 2014;
Behrouz Khaleghi et al, 2016; A. Mehdilo et al, 2012);

- Sulfid hoa bang Na,S va kich dong bang ion kim loai (nhu Cu**) rdi tuyén ndi bang thudc tap hop

*Tac gia lién h¢
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xanthate; (Majid Ejtemaei, et al, 2014; S.R. Rao, J.A. Finch, 2003)
- Tuyen noi bang thudc tap hop axit béo; (Majid Ejtemaei, et al, 2014; S.H. Hosseini and E. Forssherg, 2006)
- Tuyén ndi bang hdn hop thudc tap hop anion/cation (nhu xanthat véi amin); (Majid Ejtemaei, et al,
2014; Sajjad Aghazadeh et al, 2016; Hosseini SH, Forssberg E, 2007)
- Tuyén noi bang thudc tap hop mercaptans hoic chelat. (Majid Ejtemaei, et al, 2014; S. H. Hosseini, E.
Forssherg, 2006; 2008; A.M. Marabini et al, 2007)
Bao cao nay trinh bay phuong dn tuyen noi quang kém oxit mé Cho Bién bang thudc tap hop axit béo
va dau hoa; diéu chinh moéi truong bang Na,COs; thudc phan tan Sep-X va Tan-XS, thuy tinh long va
dextrin lam thubc dé chim. Nham muc dich tach khoang vét smithsonite va hemimorphite ra khoi cac
khoang vat tap goethite; hematite; quartz va illite.

2. Miu va phwong phap nghién ctu

2.1. Tinh chat miu nghién citu

2.1.1. Thanh phdn dg hat
Do mau nghién ctu Ia loai quang phong hda manh chira nhiéu mun sét, nén da st dung phuong phap phan tich
rdy uét dé xac dinh thanh phan do hat cua quang nguyén khai. Mau phan tich ray c6 khéi lugng 50 kg duoc phan
tich ray w6t lan luot qua cac ray: 6; 3; 1; 0,2; 0,1; 0,04 va 0,02 mm. Két qua phan tich ray va hda cho o Bang 1.
Bang 1. Két qua phan tich rdy mau nghién citu

Cép hat, mm Thu hoach, % | Ham lugng, Zn % | Thuyc thu, Zn %
+6 36,48 9,36 43,91
3-6 11,92 9,5 14,56
1-3 7,22 9,12 8,47
02-1 12,16 9,26 14,48
0,1-0,2 3,58 7,22 3,32
0,04-1 5,48 5,43 3,83
0,02 - 0,04 1,65 4,21 0,89
-0,02 21,51 3,81 10,54
Cong 100 7,78 100

Tur két qua phan tich ray nhan thay: Kém tap trung chu yéu o cap hat + 0,2 mm véi thu hoach, ham lugng
va thuc thu kém lan luot 1a: 67,78%; 9,34 % Zn va 81,42%. I\/!Su nghién CL’I”U chira 21,51% cap hat -0,02mm
véi thuc thu ké€m 10,54% va ham lugng kém 3,81%, thap nhat trong cac cap hat.

2.1.2. Thanh phan khoéang vt
Thanh phan khoang vat theo tirng cip hat cia mau nghién ctru dwoc cho & Bang 2.
Két qua phan tich thanh phan khoang vat cho thiy: Khoang vét chira kém trong mau nghién ciu bao gdm

hemimorphit, chalcophanit va smithsonit. Cac khoang vat tap cha yéu 14 gotit, manhetit, sét va thach anh. Khoang vat

sét chii yéu tap trung & cap hat 0,02 —0,1 va - 0,02mm. Oxit sit ngam nudc phan bd kha dong déu theo cac cap hat.
C6 thé nhan thdy quing k&m oxit caa mo Cho Dién thudc loai khd tuyén ndi vi: thanh phan phuc tap;

chtra nhiéu slam va khong thé thu hoi ddng thoi hemimorphit (calamin), smithsonit va chalcophanit vao

quing tinh & cuing mot ché do tuyén.

Bang 2. Thanh phan khoang vat ciia mdu nghién cizu

Thanh phan khoang vat va khoang ham lugng (~%)

Carf]r?]at’ Hemi? Chalgop Smit_h Macp_h Thach Gotit He_ma it K.vat khéc
morphit hanit -sonit | ersonit anh -tite
+6 6-8 10-12 | 27-29 | 3-5 2-4 | 2022 | 7-9 | 7-9 5%Ca;Do
3-6 10-12 12-14 | 21-23 | 3-5 4-6 | 20-22 |10-12| 7-9 -
1-3 13-15 9-11 | 11-13| 3-5 6-8 | 23-25| 14-16 | 8-10 -
02-1 16-18 5-7 14-16 3-5 11-13 | 20-22 | 7-9 | 11-13 Ca
0,1-0.2 11-13 5-7 6-8 4-6 18-20 | 17-19 | 6-8 | 16-18 4%Do
0,02-0,1 3-5 2-4 <1 3-5 11-13 | 11-13 | 4-6 | 47-49 7%Clorit
%Clorit;
-0,02 <1 - | <1 | 6-8 | 8-10 | 1921 |9-11 | 3032 | :z"‘:cgﬁ S

Ghi cha: - Ca: Canxit; Do: Dolomit ; Kin: Kintoreit ; Fels: Felspat.
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2.2. Thudc va may tuyén si dung trong nghién cizu

2.2.1. Thudc tuyén

Cac loai thudc tuyén dung trong nghién ctu cho ¢ Bang 3.

Bang 3. CAc logi thuéc dung trong nghién cizu

TT | Hoa chat Cong dung TT Hoa chat Codng dung

1 Armac C Tap hop 7 Na,S Sunfua hoa

2 Armac T Tap hop 8 Na,SiOs; Dé chim

3 PAX Tap hop 9 Dextrin Dé chim

4 Axit oleic Tap hop 10 Sep-X Phén tan

5 Axit hydroxamic Tap hop 11 Tan-XS Dé chim

6 Dau hoa Tap hop 12 Na,CO3 biéu chinh MT

2.2.2. Thiét bj thi nghiém

Do mau nghién ciru chira nhiéu man sét, nén quang trude khi tuyén dugc dua qua hé thong danh toi khir
mun sét, bao gom: sang tang quay kich thudc 500 x 2000 mm va méy phan cép rudt xoan don kich thuéc
200 x 1000 mm (Hinh 1a). Quang sau khi danh toi va khir mun sét dugc nghién dén 100% c4p hat -0,1 mm
dé cip cho may tuyén néi co gigi ¢6 dung tich 31, 11 (Hinh 1b).

a. sang quay - rudt xoan b. may tuyén ndi co
Hinh 1. Anh cc thiét bj nghién cizu
2.2.3. Chudn bj mau cho thi nghiém tuyén noi
So dd chuan bi mau cho qua trinh tuyén ndi cho & Hinh 2. Sau khi khtr mun sét thu dwoc quing cip cho
qua trinh tuyén ndi véi cac chi tiéu nhu trong Bang 3.
Quang nguyén khai

Séng tar g quay

M4y phan cip rudt xodn

Réy 0.1 mm

Av 0.02
Riy 0.02mm v \

l Nghién

Slam

xuéng -01
mm

Mau tuyén ndi
Hinh 2. So do chudn bi mau cho qué trinh tuyén noi
Bang 3. Chi tiéu qudng cap cho thi nghiém tuyén néi

Cép hat, mm Thu hoach, % Ham luong, Zn % Thuc thu, Zn %
+ 0,02 80,58 8,86 91,88
Slam 19,42 3,25 8,12
Cong 100 7,77 100

Nhu vay, sau khi khar miin sét quang cap cho qua trinh tuyén ndi cé thuc thu kém 1 91,88% vai ham

luong kém dat 8,86 %.

3. Két qua nghién ciru va thio luan
3.1. Két qud thi nghiém diéu kién

Muc dich ctia c4c thi nghiém diéu kién 1a xdc dinh ché @6 cong nghé tuyén tbi uu nhu: ndng do pha rin,
loai thudc tap hop, chi phi cac loai thudc tuyén... dé lam co s¢ cho thi nghiém tuyén ndi vong ho va vong
kin. Trong qua trinh nghién ctru da sir dung Armac C (Cocoamine axetat), Armac T (Tallowalkylamine



axetat), PAX (Potassium Amyl Xanthate) axit oleic, axit hydroxamic va dau hoa dé lam thudc tap hop. Tuy
nhién, quang kém oxit mo Chg Dién déu ndi khong tdt voi thude tap hop amine, xanthate, axit béo, hdn
hop amine véi xanthate nhu nhiéu nghién ciru da dé xuét ¢ trén. Quing c6 két qua tuyén ndi tét khi st dung
hén hop cua 80% axit oleic va 20% axit hydroxamic lam thuéc tap hop chinh va dau hoa lam thuéc tap hop
thir cap. Do vay, trong bao cao nay chling toi tap trung vao trinh bay két qua nghién ciru tuyén quang kém oxit
bang hdn hop thudc tap hop axit béo (80 % axit oleic va 20% axit hydroxamic) c6 bé sung thém dau hoa trong
qua trinh tuyén. Céc thi nghiém diéu kién duoc tién hanh tuyén mot lan trén may tuyén noi 3 | & xac dinh céc
ché d6 cong nghé tuyén téi wu. Ché d6 cong nghé va két qua tuyén ¢ ché do tdi wu cho ¢ Bang 4 va 5.
Bang 4. Ché d¢ cong nghé toi wu khi thi nghiém diéu kién

Ché d6 tuyén, don vi Gia tri
Nong d6 pha ran, g/l 250
pH (x6 da) 9-95
Thuy tinh long, g/t 500
Sep-X, g/t 1000
Tan-XS, g/t 1000
Thuoc tap hop, g/t 800
Dau hoa, g/t 200

Trong qud trinh tuyén no6i quang k&m oxit nhiéu tac gia da khuyén nghi dung sodium hexametaphosphate
dé phan tan bun quiang (Majid Ejtemaei, et al, 2014; A.H. Navidi Kashani and F. Rashchi, 2008;
C.A. Pereira and A.E.C. Peres, 2005; A.E.C. Peres eta al; 1994). Tuy nhién, d6i véi quing k&m oxit mo
Cho Dién khi ding Sep-X dé phan tan bun quang cé hiéu qua tét hon (Sep-X la hdn hop polyme ty nhién
v6i 50 % tanin). Trong mau quang nghién ctu chira nhiéu oxit sit, dé dé chim cac oxit st thuong dung cac
loai hd tinh bot. Nhung trong nghién ciru ndy, ching toi nhan thay Tan-XS (bot Bisufite chiét xuat tir cay
keo Uc) véi thanh phan chinh 1a tanin cho hiéu qua dé chim céc oxyt st tot hon. Hai hoa chat Sep-X va
TAN - XS duoc cung cap boi Cong ty Bondtite.

Bang 5. Két qua thi nghiém diéu kién ¢ ché do toi wu

Tén san phém Thu hoach, % Ham lugng, Zn % Thyc thu, Zn %
Quang tinh 46,58 16,44 86,43
Quang dudi 53,42 2,25 13,57
Cong 100 8,86 100

3.2. Két qud thi nghigm tuyén néi vong hé

Muc dich cua nghién cau tuyén ndi vong hé 1a xac dinh sé lwong khau tuyén tinh va tuyén vét. Nham
thu dwoc quang tinh cudi cung c6 ham luong dat yéu cau va giam mat mét khoang vat c6 ich vao quing
dudi. Trong qué trinh nghién cttu nhan thiy: dudi thai cia khau tuyén chinh c6 ham lwong kém thap hon
trong slam nén khong can thiét phai sir dung khau tuyén vét. D& dam bao thu duoc quing tinh ¢ ham lugng
k&m trén 23%, can thiét phai sir dung 02 khau tuyén tinh. Pdng thoi, phai bd sung thém dextrin va cac
thudc dé chim khéc vao cac khau tuyén tinh méi thu duoc quing tinh dat chat luvong yéu cau. So db va ché
d6 thude tuyén ndi vong ho cho & Hinh 3 va két qua tuyén ndi vong ho cho ¢ Bang 6. Tir két qua ¢ Bang 6
nhan thiy: sau 02 khau tuyén tinh da thu dugc quang tinh c6 ham luong 26,31%2Zn véi muc thuc thu kém
trong khau tuyén ndi dat 63,01%.

Méu nghién ctru

(1) NayCOs: 6000g/t; khudy 3 phut
(2) Step.X: 1000g/t; khuay 3
(3)Tan.X: 1000g/t; khudy 3 phut

(4) Thuy tinh léng: 500g/t; khudy 3 min
(5) hén hop axit béo/dau hoa (800g/t : 200g/t);
Khudy: 5 phut

A
A Tuyeén chinh
Tan.X: 300g/t; Khuay 3 phut uyén chi

Thuy tinh léng: 200g/t; Khudy 3 ph
Dextrin: 100g/t; Khuay 3 phut

v

Buoi thai

. 4
Tan.X: 100g/t; Khudy 3 phut Tuyén tinh I
Thuy tinh long: 100g/t: Khudy 3 phut

Dextrin: 100g/t; Khudy 3 phut

. 4
Tuyén tinh I Trung gian 1

A

Quing tinh

y A

y

Trung gian 1

Hinh 3. So' do tuyén néi vong he



Bang 6. Két qua tuyén néi vong ho

Tén san pham Thu hoach, % Ham lugng Zn,% Thuc thu Zn, %
Quéng tinh 21,22 26,31 63,01
Trung gian 1 16,55 7,77 14,51
Trung gian 2 8,38 11,37 10,75
Quing dudi 53,85 1,93 11,73
Cong 100 8,86 100

3.3. Két qud thi nghiém tuyén nai vong kin

Muc dich cua thi nghlem tuyén noi Vong kin 1a xac dinh diém quay vong cua san pham trung glan Trong
qua trinh thi nghiém vong ho nhan thiy cac san pham trung gian c6 ham lugng kém xap xi quang vao khau
tuyén chinh. Vi vy, chon phuong 4n cho tat ca cac san pham trung gian cua khau tuyén tinh tré lai khau
tuyén chinh. So @b va ché do thudc tuyén & vong kin thé hién trén Hinh 4. Két qua tuyén ni vong kin,
thanh phan khoang vat cua quing tinh va quiang dudi cho & Bang 7 va 8.

Bang 7. Két qua tuyén néi vong kin
Tén san phim Ham luong, % Theo quing dua tuyén nbi | Theo quing nguyén khai
Y, % s, % Y, % s, %
Quing tinh 24,11 23,56 64,11 18,98 58,9
Pubi thai 4,16 76,44 35,89 61,6 32,98
Cong 8,86 100 100 80,58 91,88

Mau nghién ctru

(4) Thuy tinh long: 500g/t; khudy 3 phut
(5) hén hop axit béo/dau hoa (800g/t : 200g/t);
Khuay: 5 phit

(1) NaxCOs: 6000g/t; khuéy 3 phut
(2) Step.X: 1000g/t; khuay 3 phut
(3)Tan.X: 1000g/t; khudy 3 phut

v

. Tuyén chinh
Tan.X: 300g/t; Khuay 3 phuit uyerey
Thuy tinh long: 200g/t; Khuay 3 phit
Dextrin: 100g/t; Khuay 3 phut

v

Buobi thai

y
. Tuyén tinh T
Tan.X: 100g/t; Khudy 3 phut wen

Thuy tinh long: 1002-;‘:1{“_‘\115 3 phut
Dextrin: 100g/t; Khuay 3 phut

v

Quing tinh

Tuyén t} !h I

v ,

’ Hinh 4. So do tuyén néi vong kin
Bang 8. Két qua phan tich Xray qugng tinh va qudng dudi

Khoang ham lugng, %
Khoang vat — -
Quang tinh Quing dudi

Hemimorphit — Zn4[Si207](OH)2.H,0 18-20 5-7
Smithsonit — ZnCO3 38-40 12 -16
Chalcophanit — ZnMn3;07(H20)3 2-4 9-11
Macphersonit — Pb4(SO4)(CO3)2(OH); 3-5 3-5
Thach anh - SiO, 2-4 6-8
Gotit — Fe203.H.0 8-10 22 -24
Hématit — Fe303 2-4 8-10
Canxit - CaCOs3 1 1
Dolomit - CaMg(COs): 1 1
it — KAL[AISi3010](OH), 5-7 11 -13

Tu ket qua nghién ctru tuyén noi vong kin nhan thay:
- Sau 01 khau tuyén chinh va 02 khau tuyén vét da thu dugc quang tinh k&€m c6 ham lugng 24,11 %Zn
vai mirc thyc thu k&€m vao quéng tinh so véi quang nguyén khai la 58,9 %;



Quéng dubi c6 ham lugng 4,16 %Zn véi thyc thu k&m so véi quang nguyén khai la 32,98 %. Ham
luong va thuc thu kém trong dudi thai con kha cao. Tuy nhién, khoang vat chira k&m con lai trong dudi thai
cha yéu la chalcophanit, khoang vat nay hau nhu khoéng ndi & ché do tuyén ndi hemimorphite va
smithsonite;

- O ché do thudc tuyén nhu trén da thu hdi duoc chu yéu hemimorphite va smithsonite vao quang tinh,
ddng thoi loai bo duoc cac khoang vat tap vao quang dudi, tuy nhién, ham luong khodng vat gotit va thach
anh trong quang tinh van con kha cao, ciing nhu chua thu hoi triét ¢é dugc hemimorphite va smithsonite
vao quang tinh; van dé nay c6 thé do cac khoang vat trén chua dugc giai phong hoan toan trong qua trinh
nghién, ching van con ¢ dang lién tinh nén 1am giam higu qua tuyén noi.

4. Két luan

Mau quang nghién ciru thugc loai kho tuyén ndi do cé thanh phan khoang vat phiic tap, xam nhiém min
va chira nhiéu man sét. Khoang vat tap chu yéu 1a gotit va illit la hai khoang vat kho d¢ chim va phan tan
trong qua trinh tuyén noi. Kém téap trung chu yéu ¢ 3 khoang vat hemimorphit (calamin), smithsonit va
chalcophanit. Nhung rat kho dé thu hoi ca ba khoang vat nay ¢ cung mot ché @6 tuyén vao quing tinh va
dén nay trén thé gidi vin chua thdy c6 b4o céo nao trinh bay vé tuyén noi khoang vat chalcophanit.

Str dung hdn hop thudc tap hop (80% axit oleic va 20% axit hydroxamic) két hop véi dau hoa cé thé thu
hoi ddng thoi ca hai khoang vat hemimorphit, smithsonit vao quing tinh. Tan - XS da thé hién duoc vai tro
dé chim trong qua trinh tuyén, dac biét 1a véi gotit.

Ché do thudc tuyén nghién ctu ¢ trén da thé hién duoc sy phan tach giita cac khoang vat chaa kém
(hemimorphit va smithsonit) véi cac khodng vat tap (gotit; thach anh va illit...). Tuy nhién, khong thu hoi
dugc khoang vat Chalcophanit vao quing tinh va dé chim triét & dwoc céc khoang vat tap.

O ché d6 thudc tuyén trén van chwa thu hdi triét ¢é khoang vat chira kém vao quang tinh, trong quing
tinh van Ian nhiéu khoéang vat tap, nén ham lugng va thuc thu kém trong quang tinh méi chi dat lan luot 14:
24,11% Zn va 58,9%. Diéu nay c6 thé 1a do cac khoang vat c6 ich va tap van chwa dugc giai phong hoan
toan trong qua trinh nghién.

Két qua nghién ctru budc dau tuy chua that sy hiéu qua cac chi tiéu cong nghé tuyén con thap; chi phi
thudc tuyén cao va sir dung nhiéu loai thuéc tuyén. Nhung day 1a nghién ciru mang tinh dinh huéng, danh
gia kha nang tuyén ndi quiang kém oxit nghéo mé Cho Bién. Néu xét trén khia canh nay thi nghién ctu da
ma ra kha nang ap dung phuong phap tuyén ndi vao thuc té tuyén quiang kém oxit mé Cho Dién.

Pé som co thé dua quang k&m oxit mo Cho Bién vao thuc té san xuat can ¢ cac nghién cau bd sung
nhu: giam d6 min nghién; giam chi phi va céc loai thudc tuyén va tuyén ndi bang cac may tuyén cé kha
nang tuyén cap hat min va siéu min ... nhdm tang hiéu qua tuyén va giam chi phi san xut.
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ABSTRACT
Flotation reagent selection and suitable dosages for zinc oxide ores
of the Cho Dien mine, Bac Kan province, Vietnam

Do Thi Nhu Quynh?3, Pham Van Luan*#", Le Viet Hal*,
'Hanoi University of mining and geology
2GAVAQ Solutions, Hanoi, Vietnam
3PhD student of Hanoi University of mining and geology
4Research Group Advanced Technologies in Mineral Processing and Recycling (MinPro)

Zinc ores of the Cho Dien mine consist of both sulfide and oxide ores. However, current mining of
sulfide ores of the mine has reached the final stage, therefore, the research on selection of appropriate
flotation reagents and suitable dosages for their processing is the foremost task of the mine. The Cho Dien
zinc oxide ores are characterized by strong weathering: Their zinc contents vary of 6 - 10%; Zinc mainly
exists in form of Hemimorphite (Calamine), Smithsonite and chalcophanite; Main gangue minerals are
goethite, clays and and silicates. This article presents the study results on effects of major factors on Cho
Dien zinc oxide ore flotation including: type of collectors (amines, xantates, fatty acids); Type of
depressants and dispersants (polycarboxylic, sodium silicate tripolyphosphate, sodium hexametaphosphate,
TAN — XS and SEP — X- %); and their dosages. The ore samples were washed to remove clays and by were
ground to about 90% of -0.074mm passing size. Then the sanples were undergone flotation with different
flotation reagents and dosages. The study results show that flotation of the Cho Dien zinc oxide ore has
best criteria when it is floated by a fatty acid. Zinc contents of the obtained concentrates reached 20-25%
Zn with actual recoveries of about 55 - 60%.

Keywords: Zinc oxidie ores, flotation, flotation reagents, Cho Dien Mine.
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Tong quan Vé cac phuong phap thu hoi titan tir bun do
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TOM TAT

Trong qua trinh san xuat alumin, tiy theo nguyén liéu dau vao, wdc tinh dé san xuat 1 tan alumin s& thai ra
tir 1 dén 1,5 tAn bun d6. O Viét Nam, hién tai c6 hai nha may san xut alumin vai tong céng suit khoang
1,3 triéu tAn alumin/ndm, lvong bun d6 cua hai nha may thai ra khoang 1,2 triéu tin/nam, trong d6 c6 chira
cac kim loai nhu Fe, Al, Ti,.... Ham lugng titan tinh theo oxit khoang 3% dén 7% TiO,. Ham luwgng nay
cao hon ca ham luong TiO, trong mot s6 mo quang titan. Do do, day co6 thé coi 1a mot ngudn nguyén lidu
rat co gia tri dé thu hoi titan. Bai bao nay sé trinh bay mot sé dac diém cua bun do va cac phuong phap
dang dugc nghién ciu trén thé gioi nham thu hdi titan tir ban d6. Tir d6, dinh hudng cho cac nghién ciu xu
Iy mot cach c6 hiéu qua dbi voi bun do cua cac nha may alumin tai Viét Nam, gop phan tan thu khoang
san, bao vé tai nguyén va moi truong.

Tur khoa: Tan thu bun do; xir 1y bun do; tan thu titan; bun thai alumin

1. Pit van dé

Titan 12 kim loai c6 gia tri str dung cao do c6 kha nang chong an mon va ty 1& d6 bén riéng theo trong
lwong cao. Hién tai, titan da duoc sir dung rong réi trong nhiéu linh vyrac khac nhau, bao gom céng nghiép
hang khong vii try, cdng nghiép dong tau va cong nghiép hoa chat (https://vi.wikipedia.org/wiki/Titani).
Nguon nguyén ligu dé ché bién thu hoi titan duoc khai thac chu yéu tir cac mo quang titan sa khong va
quing titan géc. Tuy nhién, gan day céc nghién ciru cho thiy, trong bun do cua qua trinh san xuét alumin
chira mot lwong titan dang ké, va day co6 thé coi la ngudn tai nguyén cho nganh cong nghiép ché bién titan
(Li Wang va nnk, 2019; Matic va nnk, 2024; Nikhil Dhawan, 2021).

Buin d6 14 chat thai ran cong nghiép dwoc san xuét trong nganh cong nghiép alumina. TUy theo nguyén
liéu, wéc tinh khoang 1,0-1,5 tin bun d6 duoc tao ra trong qua trinh san xuét 1 tan alumin (Li Wang va
nnk, 2019; Shrey Agrawal, Nikhil Dhawan, 2021). Thanh phan cta bun dé khé phic tap, chu yéu bao
gdm Fe,03, Al,O3, Si0,, CaO, NazO, TiO, va cac oxit khac (Li Wang va nnk,2019; Matic va nnk, 2024;
Nikhil Dhawan, 2021). Ham lugng TiO; trong bun d6 nhin chung nam trong khoang tir 4% dén 12%, ham
lugng ndy tham chi con cao hon & c&¢ mo quang titan.

Theo thong ké nam 2015, trir lugng bun do trén thé gidi dat khoang 4 ty tan va lugng bun d6 duy kién
tang khoang 150 triéu tin/ndm (Li Wang va nnk, 2019; Matic va nnk, 2024). Tai Viét Nam, nganh céng
nghiép bauxite-alumin mai chi phat trién khoang 10 nam gan day vai 2 nha méy ché bién alumin, tong san
luong alumin theo thiét ké dat khoang 1,3 triéu tin/nam, lwong bun do thai ra khoang 1,2 triéu tin/nam
(https://www.statista.com/statistics; Nguyén B& Phong, Pham Thanh Hai, 2023). San lugng bun do s€ tang
khi cac nha mdy alumin dugc xay dung thém hodc mo rong quy mo cong suat. Piéu nay dang gy ra mot
&p luc 16n ddi voi viée Iuu trix va quan 1y bun do.

Céc phan tich ¢ trén cho thiy, van dé nghién ctu thu hoi titan tir bun dé khong chi cé ¥ nghia vé mat
kinh té ddi vai nganh cong nghiép titan ma con gép phan tan thu khoang san tir bun do6 theo chii chuwong
thuc hién kinh té tuan hoan trong ché bién khoang san. Trong béo cao nay sé trinh bay mot sé nghién ciru
trén thé gisi hién nay vé bun do va phuong an xur 1y dé thu héi titan tir ngudn nguyén liéu nay.

2. Pic diém thanh phan ciaa bun do

*Tac gia lién h¢
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Bun do la vat liéu hat cyc min c¢6 kich thudc hat trung binh dudi 100 pm tuy thudc vao kich thudc hat
cua nguyén liéu ban dau (Zhaobo Liu va Hongxu Li, 2015). Thanh phan va tinh chat cua bun d6 phu thugc
Va0 nguon quing va quy trinh san xuat. Ham lugng sit trong bun do thay ddi trong khoang 7-24%, SiO,
trong khoang 8-23%, Al,O3 khoang 7-19%, khoang dao dong vé thanh phan cia cac nguyén té vi lugng
cling 16n.

Trén thé gi6i hién nay, ¢6 3 quy trinh dé san xuat alumin gém quy trinh bayer; quy trinh thiéu két va quy
trinh két hop bayer véi thiéu két. M&i quy trinh phu hop véi mot déi tuong quang nhét dinh. Ciing boi vay
ma bun do san xuit theo cac quy trinh khac nhau s& c6 thanh phan va dic diém khac nhau. Bun do6 theo quy
trinh Bayer c6 ham luong Fe,Os3 va Al,Oz cao hon nhiéu so véi hai quy trinh con lai. Cac dic tinh cua ban
d6 duoc tao ra bang quy trinh két hop twong tu nhu cac dic tinh dwoc tao ra bang quy trinh thiéu két, dong
thoi ham lugng CaO va SiO; trong biin d6 cao hon nhiéu so véi quy trinh cua Bayer. Sy khac nhau vé thanh
phan caa bun do ciing tiy thudc vao thanh phan cua quing ban dau & cac khu vuc khéc nhau (Li Wang va
nnk, 2019). Bang 1 va Bang 2 thong ké vé thanh phan hoa hoc chinh caa bun do theo timg quy trinh va &
cac khu vuc khac nhau.

Bang 1: Thanh phan héa hoc ciia bin do trong c&c quy trinh ché bién alumin khac nhau
(Li Wang va nnk,2019)

Thanh phén héa hoc CaO Al2O3 Fe20s SiO2 TiO: Na:0
Quy trinh thiéu két 38,09 9,18 6,66 18,1 6,72 4

Quy trinh két hop 40,78 7,68 10,97 22,67 3,26 2,93
Quy trinh Bayer 20,88 17,67 28,3 8,34 7,34 2,29

Bang 2: Thanh phan héa hoc cia bin do ¢ mét sé khu viec trén thé gidgi (Li Wang va nnk,2019)

Khu vue Al203 Fe20s SiO2 CaO Na20 TiOz
Uc (Quy trinh Bayer) 21,7 40,5 19,9 - 2 3,5
An Do (quy trinh Bayer) 21,9 28,1 75 10,2 4,5 15,8
Son Poéng, Trung Qudc (Quy i
trinh thiéu két) 8,32 57 32,5 41,62 2,33
Ha Nam, Trung Quéc (Quy
trinh thiéu két) 25,48 11,77 20,58 13,97 6,55 4,14
Son Tay, Trung Quoc QU | 105 | 675 | 202 | 4225 3 2,55
trinh Bayer) ' ’ ’ ’ '

Céc thong ké cho thay, bién d6 dao dong veé ty 1é cac thanh phan kim loai trong bun d6 la kha lon, tuy
thudc vao ngudn nguyén liéu va quy trinh san Xuit. Pay ciing 1a khé khin dé nghién dua ra mot quy trinh
xir Iy chung cho tat ca céc loai bun do. Trong bun dé, ham luong titan dao dong trong khoang 3,5% -
15%TiO,. Véi khéi lurong 16n dugc thai ra hang nam, bin do s& 1 ngudn nguyén liéu tiém nang quan trong
dé thu hai titian (Li Wang va nnk, 2019; Gozde Alkan va nnk, 2017; Shoppert.A va Loginova. 1. V, 2017).

3. Cac phwong phap thu héi Ti tir bun dé
3.1. Phwong phdp héa luyén

Hién nay, cac nghién cau trén thé gisi thuong dung phuong phap hoa luyén, thuy luyén hodc két hop dé
thu hdi titan.. Cac quy trinh hoa luyén thuong duoc sir dung dé thu hoi st tir bun do. San pham sat thu dugc
la gang long va xi chira titan, nhém va silic. Sau khi thu hdi gang long, xi duoc xir ly bang qué trinh hoa
tach dé thu hdi nhém va titan (Chiara Bonomi va nnk, 2016; Siwei Li va nnk, 2023; Zhaobo Liu va Hongxu
Li, 2015). Quy trinh tong quét vé& phuong phap nay thé hién nhu trong hinh 1.

Phuong phap hoa luyén da duoc thir nghiém tur 1au boi Ercag va Apak tir nam 1997. Trong nghién curu
ndy, cac tac gia da tién hanh tron bun d6 véi dolomit va than cdc, sau d6 vé vién va thiéu két hdn hop &
nhiét 6 1100 °C. Vién thiéu két dwoc dua vao nau chay ¢ 1550°C, san pham thu duoc la gang va xi chira
titan. Xi duoc tach ra va dem hoa tach bang H2SO4 30% ¢ 90°C, hiéu suat thu hdi titan theo trong lwong xi
12 84,7% (Ercag va Apak, 1997).

Phuong phap hoa luyén tiéu hao nang lugng Ién, hon nita thanh phan cia bin do chua thuc sy ph hop
cho qua trinh luyén gang (Chiara Bonomi va nnk, 2016), do d6 khong c6 nhiéu nghién ciru vé phurong phap
nay dugc cong bd. Cac nghién ciru thu hoi titan tir bun dé cha yéu tap trung vao cac quy trinh thuy luyén
bang viéc hoa tach tryuc tiép trong axit hoic sir dung phuong phap hoa luyén nhu mot qué trinh tién xu ly
trude khi hoa tach.
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Hinh 1. Quy trinh téng quat xi Iy bin dé sir dung két hop hoa luyén va thaiy luyén
3.2. Phwong phdp thiiy luyén

Céc qué trinh thay luyén duoc nghién ctu theo 2 huéng: hoa tan truc tiép titan sau dé tién hanh két tua
thu hdi hozc l1am giau titan bang viéc két hop hoa tan va thu hdi cac kim loai khac.

Nam 2008, Agatzini-Leonardou va nhém nghién ctru ctia minh d tién hanh hoa tach titan tir bun do
bang dung dich H,SO4 ¢ nhiét do thuong va khong sir dung bat ky bién phap xu 1y so bo nao. Mau nghién
ctru c6 thanh phan nhu trong bang 3. Céc ché do cong nghé duoc khao sat gom: ndng do axit tir 3-6N, nhiét
do tir 40 — 60 °C va ndng do pha ran tir 5-20%.

Bang 3. Thanh phan bin do trong nghién cizu cia S.Agatzini-Leonardou va nhém nghién citu
(Agatzini-Leonardou va nnk, 2008)

Thanh phan Fe,03 Al,O; TiO; SiO;
ham lugng (%) 41,3 21,2 7.1 5,35
Thanh phan Ca0 MgO Na,O Cr,03
ham luong (%) 11,02 0,25 2,15 0,31

Theo két qua nghién ciru cua S.Agatzini-Leonardou va cong sy, hiéu suit thu hdi titan theo khéi luong
bun do dat 64,5% & diéu kién téi wu: ndng do axit 12 6N, nhiét do 12 60°C va nong do pha ran 1a 5%. O diéu
kién do, sit ciing hoa tan theo kha nhiéu. Kha ning hoa tan sat dat 46%, trong khi véi nhom khong vuot
gua 37% (Agatzini-Leonardou va nnk, 2008).

Niam 2017, Gozde Alkan va cac ddng nghiép da thyuc hién cac nghién ciru véi axit sulfuric, axit clohydric
va su két hop cua hai axit véi ty 16 HCI:H,SO, 12 1:3 trong cung diéu kién thi nghiém. Muc dich cta cac
ngién ctru nhim danh gi4 hiéu suét hoa tach cua titan khi s dung cac dung méi khéc nhau. Diéu kién thi
nghiém vai ndng do axit 1a 4 mol/l, ty 1& long/ran 1a 50/1, hoa tach & nhiét do 70°C. Miu sau hoa tach dwoc
dua di phan tich dé danh gia hiéu suat hoa tach titan (Gézde Alkan va nnk, 2017). So dd thi nghiém thé
hién nhu hinh 2.

Két qua thi nghiém ciia Gozde Alkan va cac ddng nghiép da xac dinh rang: hiéu suat hoa tach titan cao
nhat dat 67% trong trudng hop hoa tach bang axit sulfuric. Trong truong hop sir dung HCI, hiéu suét hoa
tach titan khong chi thap hon ma sit ciing dugc hoa tan nhidu hon, diéu nay c6 nghia 1a tinh chon loc trong
hoa tach titan giam. Trong ca 3 truong hop thi axit sulfuric 1a tét nhat dé xu 1y bun do ddi vai titan. Gozde
Alkan ciing luu y rang, Fe c6 tac dung can tré qué trinh hoa tan caa Ti va can c6 mot lugng Fe hoa tan nhét
dinh dé qua trinh hoa tan cua Ti tot hon (Gozde Alkan va nnk,2017 ).

Trong mot nghién ctu khac vé qué trinh hoa tach titan trong bun do bang axir sunfuric, nim 2015, Xiao-
bo ZHU va cac dd ng nghié p da bé sung axit citric va trong axit sunfuric. Kétquacho
thay viéc bo sung axit citric ¢d thé lam ting kha ning thu hoi titan va giam tiéu thy axit sulfuric. Khi sir
dung axit citric 5%, ty 1¢ thu hdi titan tang tir 65% lén 82% va lugng tiéu thy axit sulfuric giam khoang
30%. Ty Ié thu hdi titan ting khi ting ty I& axit citric. Cac khoang perovskite, brookite va hematit trong bun
d6 c6 thé d& dang hoa tan bing axit citric (Xiao-bo ZHU va nnk, 2015).



Bun do

v

Nghién
Hoa tach
Loc
Dung dich Can loc
Phan tich A e
XRD, SEM, Ph?g;":h
QEMSCAN

Hinh 2. So' do thi nghiém theo nghién citu ciia Gozde Alkan va cac dong nghiép nam 2017

Ciing nghién cru thu hoi titan tir bun d6 bang qud trinh hoa tach trong dung moi H,SO4, Shoppert va
L.V.Loginova da su dung thém cong doan tién xu ly mau bang dung dich HCI (Shoppert.A va Loginova.l.V,
2017). So do thi nghiém nhu hinh 3.

Bun do
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Hinh 3. So' d6 thi nghiém hoa tach titan tir bun do cua Shoppert vé cdc do ng nghié p nam 2015

Viéc sir dung dung dich HCI loang nham muc dich loai bo Ca, Na, Al, Si. Viéc nay cling tranh sy that
thoat khong mong mubn cua axit sulfuric khi tao thanh thach cao. Sau qué trinh hoa tach bang HCI, ham
lwgng sat va titan trong cin tang 1én lan luot 1a 57,7% va 6,4%. Giai doan thir 2, hoa tach bang H2SO,, diéu
kién hoa tach ¢ nhiét @6 50°C vaty 1é L/R =20:1, thuc hién khuéy tron trong 90 phut vai néng do axitsulfuric
la 80g/L. Ham luwong oxit titan trong can thu duoc 1én téi 46,7%. Lugng titan hoa tan trong dung dich
H>SO4 khdng qué 6% (Shoppert.A va Loginova.l.V, 2017).

Mot nghién ciru ndam 2021 cta Qingyuan Lei va c&c cong su da thuc hién véi bun do tir quy trinh san
Xuét alumin theo phuong phap Bayer ctiia Cong ty TNHH Tép doan Pinglu Quang T4y, Trung Quéc. Trong
quy trinh nay, bun d6 ban dau dwoc hoa tach trong HCI, sét hoa tan trong dung dich s& dwoc tach ra bang
qua trinh chiét ly. Dung dich sau chiét ly duoc sir dung dé thu hai titan va Scandium. Hinh 4 12 mé ta cho
quy trinh nghién ctru ciia Qingyuan Lei va cac cong su.

Dung dich sau chiét ly c6 thanh phan nhu trong bang 4 s& dugc diéu chinh pH bang Ca(OH), dé két tua
chon loc Ti va Sc. Tiép tuc hoa tach chon loc Sc tir két tiia nay trong HCI dé thu dwoc can giau Ti.

Bang 4. Thanh phan dung dich sau chiét ly (Qingyuan Lei va cgng s, 2021)

Nguyén t6 Ti Sc Al Na Ca Fe Zr S

C (mall) 5354 19,5 13829 9012 20932 579,7 425 454

Qingyuan Lei va cong su xac dinh, viéc tch va thu hoi c6 chon loc Sc va Ti tir dung dich sau chiét ly
da dat dugc thong qua qué trinh két tua trung hoa va sau do 1a hoa tach bang axit. Trong giai doan két tia
trung hoa, hiéu suét két tua téi da ciia Sc va Ti c6 thé 1an luot dat téi 93,74% va 99.47%. Trong giai doan
hoa tach axit, hiéu suit hoa tach cua Sc va Ti lan luot 12 99,97% va 5,44%. Téng ton that cua Sc va Ti lan



lugt chi 1a 6,3% va 5,9% (Qingyuan Lei va nnk, 2021).
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Hinh 4. Quy trinh trung hoa két tiia dé thu hoi Sc va Ti dwoc nghién ciu
boi Qingyuan Lei va céng sy nam 2021

—» Can giau Ti

3.3. Phwong phdp két hop qué trinh hoa tach va tién xi ly bang nhigt

Trong bun do, titan chu yéu & dang anatase va rutile, va ham lwong TiO, khoang 3,5-15,6%. Theo cac
bao cao, anatase va rutile 1a cac pha on dinh so véi cac khoang chat khac cé mit trong bun d6 va can nong
dd axit cao hon dé hoa tan (Nikhil Dhawan, 2021; Pepper va nnk, 2016). Do d6 hiéu suét hoa tach trong
cac dung moi axit thuwong khéng cao.

Mot so d6 két hop qué trinh nhiét dé tién xir 1y bun do, sau d6 sir dung cac qué trinh hoa tach dé thu hdi
Al, Fe va Ti da dwoc nghién ciru ndm 1993 boi Piga va cac dong nghiép (Piga va nnk,1993). Quy trinh xu
1y dugc mo ta nhu hinh 5.

Bun do6
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Hinh 5. So do két hop thay luyén va tién xiz Iy nhiét dé thu hoi AL, Fe va Ti
Theo quy trinh ndy, mau ban diu gom bun do, than, voi va natri cacbonat duoc tron déu sau d6 nung
trong 10 & nhiét do 800°C - 1000°C. San pham thiéu két min thu duoc s& ngam trong nuéc & nhiét dd 65°C
trong 1 gid. Két qua xac dinh 89% nhém dugc hoa tan vao dung dich. Dung dich nay c6 thé tuan hoan lai
quy trinh Bayer dé san xuét alumin. Can loc tiép d6 dugc dem di tuyén tir, san phdm c6 tir chira Fe dugc
dem di nau luyén thu hdi gang 73-79% Ti di vao san pham khong tir s& duoc hoa tach trong axit dé thu hoi
Ti (Piga va nnk, 1993).
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Hinh 6. So d6 si dung qué trinh tién xr Iy nhiét trueéc khi hoa tach cia Kumar va Srivastava

Phuong 4n nay ciing dugc nhidu nha khoa hoc nghién ciru thir nghiém, nhu nghién ciru cua Kumar va
Srivastava nim 1998 (Hinh 6). Nhung qua trinh tién xu ly thuc hién & nhiét d6 750°C, thap hon so véi
nghién ctru cia Piga va cac ddng nghiép nam 1993.

Trong mot nghién ciru khac bang phuong an két hop hoa tach véi xir Iy nhiét cua Kasliwal va Sai, nim
1999, san pham titan thu dugc dudi dang cian duoc lam giau TiO, qua 2 bude. Bude dau tién la hoa tach
trong dung dich HCI dé loai bo mét luong oxit sat, canxi, natri va nhdm. Cin hoa tach sau d6 duoc thiéu
két v6i NapCO3 ¢ 1150°C trong 115 phiit, sau d6 duoc loc bang nudc dé hoa tan natri aluminate (hinh thanh
trong qué trinh thiéu), can rin sau cung duoc lam giau TiO2 1én téi 76% (Kasliwal va Sai, 1999).

Mic di ¢6 nhiéu nghién ciru tan thu titan tir bun do cia cac nha may alumin, tuy nhién chua thay c6 béo
c40 nao vé cac két qua trién khai thyuc té san xuét. Qua cac cong trinh dugc cdng bd cho thiy, cac quy trinh
hoa luyén, thay luyén déu dwoc sir dung trong cac nghién ciru dé xem xét kha nang thu hdi titan tir bun do.
Trong d6, quy trinh thiy luyén duoc nhiéu tic gia quan tim hon ca. Trong quy trinh ndy, cac loai axit dugc
sir dung dé tach tryc tiép titan hodc hoa tan tap chat dé lai can khong tan giau titan. Tuy nhién, cong doan
hoa tach duoc thuc hién vai ndng do axit cao va nhiét dd cao nén gap nhiéu kho khan trong qué trinh thuc
hién.

Phuong phép hoa luyén 1 qua trinh ndu luyén bun do dé thu hdi sit dudsi dang gang long, xi cia quéa
trinh nau luyén s& duoc xu ly tiép bang cac qua trinh hoa tach dé thu hdi nhém va titan. Phuong phép nay
tuy don gian nhung chi phi ning luong cao, hon nita tinh chét cua bun do ciing chua thuc sy phu hop dé
nau luyén.

Pé dat hiéu qua cao trong qué trinh hoa tach, viéc sir dung céc qua trinh xur 1y trude nguyén lidu 1a can
thiét dé tan thu téi da cac thanh phan c6 ich trong bun d6. Trong phuong an nay, cic qué trinh chiét ly va
tuyén tir ciing duoc st dung két hop nham téch cac thanh phan kim loai thanh céc san pham gia tri riéng
biét.

4. Hién trang xir Iy bun do6 & Viét Nam

Viét Nam hién nay c6 2 nha may san xuét alumin bang phuong phap Bayer. Lugng bun d6 thai ra hang
nam khoang 1,2 triéu tan (https://vinacomin.vn/; Nguy&n B4 Phong, Pham Thanh Hai, 2023). Hién tai, chwa
c6 mdt phuong an xtr Iy ndo ngodi viéc thai udt va luu trix trong cac hd chira. Cac hd chira gay chiém dung
mot dién tich dat rat Ion, vé lau dai s& 1a mot nguy vo cling 16n véi moi truong. Hon nita viéc quan ly va
van hanh cac ho chira dang tiéu ton mot khoan chi phi khéng nho cho cac cong ty.

Vé thanh phan hda hoc, trong bun do chira phan I6n la oxit sit, ngoai ra Al ciing di theo bun d6 khoang
8-15% tly thudc vao ham lugng silic ban dau, ham lugng Ti dao dong trong khoang tir 3-7%. Bun do6 c6
kich thudc hat min, trén 90% céap hat dugi 0,074mm, d6 kiém cua bun do cao, pH trong khoang 12-13.
Bang nghién ciru cia minh, nhom tac gia tién hanh phan tich x4c dinh thanh phan do hat, thanh phan hoa
hoc ciia 01 mau bun do tai nha may alumin cua cong ty nhom Diak Nong-TKV, két qua thé hién ¢ Bang 5.
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Bang 5. Thanh phdn @6 hat mdu bin do cua cdng ty nhém Dk Nong-TKV

Cép hat 916 % Thanh phén héa hoc
(pum) Al,03 Fe:03 Sio, | TiO: | CaO | Na0
+125 3,06 9,82 66,71 471 | 206 | 1,84 0,04
74-125 | 2,06 10,7 66,14 3,93 - 1,41 1,42
35-74 1,38 11,23 65,26 382 | 028 | 152 1,42
-35 93,5 18,43 44,57 711 | 7,06 | 2,08 3,3
Céng 100 17,91 45,98 693 | 667 | 205 3,16

Két qua phan tich cho thay trong mau chia téi 6,67% TiO,, ham lugng nay la kha cao so véi cac mo
quéng sa khoang ven bién cua Viét Nam. Ngoai ra con chira Fe, Al, Na,... véi ham lugng déng ké.

Trén thé gidi c6 nhidu nghién ciu vé cac phuong phap thu hoi titan tir bun do, tuy nhién do su khéc biét
vé thanh phan quang cua cac khu vuc mo, céc quy trinh san xuét alumin dugc 4p dung ciing khac nhau, dan
dén su khdng gidng nhau vé thanh phan va tinh chit caa bun do. Do vay khdng c6 mot quy tr|nh chung nao
dugc &p dung cho viéc xtr 1y bun d6. Phuong phap ap dung can dua trén cac nghién ciru vé dbi twong cu
thé.

Trong bun do & Viét Nam, ngoai Ti, cac kim loai Fe, Al, Na, Si,.. cling tdn tai trong bun do6 voi mot
lwong dang ké. Do d6, can nghién ciru cac quy trinh céng nghé hudng téi khdng chi thu hdi Ti va can tan
thu dong thoi cac kim loai nay.

5. Két luan

Trén thé gidi, tir 1au, bun d6 da duoc xem xét la ngudn nguyén liéu trong tuong lai can nghién ctru dé
thu hoi cac kim loai c6 gia tri, trong d6 co titan. V6i ham lugng titan dao dong trong khoang 3-15%, cao
hon ham lugng titan trong mot s6 mo quéng titan, bun do dugc coi 12 mot ngudn nguyén liéu quan trong dé
san Xuat titan. Van dé nay duoc nhiéu nha khoa hoc trén thé gidi quan tam, ciing da cé nhiéu cong trinh
nghién ctru cho thiy viéc thu hdi titan va cac kim loai khéc tir bun do 1a hoan toan c6 thé.

Tai Viét Nam, ham lugng TiO; trong bun dé dao dong trong khoang tir 3-7%. Véi khdi lugng hang triéu
tan thai ra hang nam, bun d6 s& 1a mot ngudn tai nguyén gié tri dé thu hoi titan. Trong bun do cia Viét Nam
ciing con chira mot lugng 16n Fe, Al, Si, Na,... Dé tranh 14ng phi tai nguyén va tiét kiém chi phi san xuat,
ngoai viéc thu hdi titan, cac quy trinh cong nghé can hudng téi viéc tan thu ddng thoi cac kim loai nay.

Hién nay trén thé gidi chua c6 mot quy trinh chung nao dugc ap dung dé thu hdi titan tir bun dé. Do d6
can thiét phai c6 nhitng nghién ctru thir nghiém cu thé trén ddi twong 1a bun d6 cua Viét Nam. Ciing can co
nhiing nghién ctru ky ludng vé cac dang ton tai cua cac kim loai trong bun do, trén co s& d6 dinh huéng
cho cac nghién ctru nham dat hiéu qua toi da trong viéc thu hdi titan va céc kim loai khac véi chi phi thap
nhat.
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ABSTRACT
An overview of titanium recovery methods from red mud

Phung Tién Thuat'3*, Tran Trung T&it3,
Pham Thi Loan?, Vii Vin Thao? Nguyén Vin Luan? Tran Trung Diing?
'Hanoi University of Mining and Geology
2VVinacomin — Dak Nong alumin company
3Research Group Advanced Technologies in Mineral Processing and Recycling (MinPro)

During the alumin production process, depending on the raw materials, it is estimated that to produce 1
ton of alumin, 1 to 1.5 tons of red mud will be discharged. In Vietnam, there are currently two alumina
factories with a total alumina capacity of about 1.5 million tons/year, the amount of red mud discharged
from the two factories is about 2 million tons/year, which contains metals such as Fe, Al, Ti,.... Titanium
content in terms of oxide is about 3% to 7% TiO-, higher than the TiO, content in some titanium ore mines.
Therefore, this can be considered a very valuable raw material source for titanium recovery. This article
will present some properties of red mud and methods being researched around the world to recover titanium
from red mud. This information will guide future research to effectively treat red mud from alumina
factories in Vietnam, contributing to mineral recovery and protecting resources and the environment.

Keywords: Bauxite residue, red mud, recovery titan.



