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TOM TAT

Céc thanh phén nikel va scandi duoc thu héi ter quéng limonite trong diéu kién hoa tach bang axit &
ap suét thuong. Céc théng sb sau c6 anh huéng dén hiéu suét hoa tach Ni va Sc, bao gébm: nbng dé axit
sulphuric, nhiét d6 qué trinh hoa tach, thoi gian phan Umg, ty 1é pha rdn/iéng va cap hat quang. Sau thoi
gian 4 h, hiéu suét hoa tach Ni ~ 70% va Sc dat ~80% & céac diéu kién thi nghiém ndng dé axit sulphuric
4M, nhiét d6 hoa tach 80°C, ty Ié rén/ldng 1/10 (g/ml), cap hat P80 = 63um cung véi tbc do khudy duy tri
& 500 vong/phut. Két qué nghién ctru cho thdy, méc du limonite chira Ni va Sc véi ham luong thép, nhung
& céac diéu kién hoa téch téi uu chung cé thé duoc thu héi véi hiéu suét cao. Tac nhan hoa tach la axit
sulphuric dem lai hiéu qué vé mét kinh té dong thoi han ché sw hoa tan ctia céc thanh phén tap chat vao
dung dich.

Tir khéa: hoa téch & diéu kién ap suét thuong, quéng limonite, qua trinh hoa tach nikel va scandi.

@ HOoi Khoa hoc va Cong nghé Md Viét Nam

1. AT VAN BE scandium (Sc) di kém dwdi dang khoang xam
nhiém min. Scandi trong limonite v&i ham lwgng
nhé nén vai trd cau tric cha no trong khoang vat
cht khéng thé dé dang xac dinh duwoc, tuy nhién
trlr lwong limonite I&n nén sw cé mat cla scandi
trong limonite dat ra bai toan phai nghién clru cac
phwong phap ché bién kha thi nham thu hdi déng
thdi thanh phan Ni va nguyén té dat hiém Sc cé
gia tri.

Trong sb cac khoang vat chiva Ni thi quang
laterite - nikel (goi tat 1a quang laterite) chiém
khoang 70% tbng lwong nikel thé gidi, trir lvong
rat phong phu va dwoc coi 14 ngudn tai nguyén
quan trong cda niken. Quang laterite dwgc phan
thanh hai loai quang chinh saprolite (quang
silicat) va limonite (quang oxit). Ngwoi ta phat hién
ra trong mot sé dang tram tich chra Ni, dién hinh
la limonite thwdng hién dién moét lwgng nhé
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Limonite ¢ ham lwong sat cao chi yéu dugc
x& ly bang thdy luyén nhw qua trinh hoa tach
amoniac — amoni cacbonat (quy trinh Caron)
(Panda S.C. et al, 1980, [11]) hoa tach bang axit
sulfuric & ap suét thuwong [4], va hoa tach bang axit
& ap suéat cao [5], [9]. Do d6, néi chung cac loai
quang saprolite cdp ham lwgng Ni cao hon duoc
ndu chay trong khi hén hop limonite-saprolite va
saprolitie (v&i ham lwong kim loai thdp hon 1 - 2%
Ni) c6 thé dwoc xt ly bang quy trinh Caron — mot
dang lai ghép cta hda luyén va thay luyén, con
quang limonite dwgc x&r ly bang cach hoa tach axit.

Hoa tach bang axit trong diéu kién ap suét khi
quyén (Acid leaching, AL) dwoc coi 1a kinh té vi day
la qua trinh m& va dién ra & nhiét do thap, tranh
duoc yéu cau st dung thiét bi phan wng dét tién.
Mot sb nghién clu béo céo rang axit sulfuric la tac
nhan hiéu qua dé tach niken tr quang so vé&i st
dung cac axit khoang khac [7].

Hoa tach AL dién ra & nhiét dd thAp hon mac
du tranh dwoc cac yéu cau cao vé thiét bi nhung
c6 hai han ché chinh d6 la: déng hoc ctia qué trinh
tach nikel dién ra cham va qua trinh x& ly dung dich
sau doé phirc tap. Dung dich hoa tach tir AL c6 kha
nang chira ham lwong tap chat dang ké nhw sét va
nhdm, va phai tim ra cac phwong phap dé loai bd
c6 chon lgc cac kim loai nay hoac chiét tach co
chon loc Ni va Sc. ([10], MacCarthy J. et al, 2014)
Hoa tach limonite & &p suét khi quyén cé tinh chon
loc khéng cao ddi vai niken, cling nhw déi véi cac
kim loai khac, va do d6 cac nguyén tb nhw nhém,
sat va magie cing hoa tan dan dén lam tang murc
tiéu thu axit.

Céc phan (ng dién ra trong qua trinh hoa tach
AL quang laterite Ni nhw sau:

NiO + H2SO4 > NiSOs(aq) + H20
CoO + H2S04 & CoS04(aq) + H20
MnO + H2SO4 2 MnSO4 + H2O

Sat & dang goethite-FeOOH va nontronite-
Fe2SisO10(OH)2 1an lwot hoa tan thanh sat sunfat
theo cac phan rng sau:

2FeOO0OH + 3H2S04 > Fex(S04)3(aq) + 4H20
Fe2Sis010(OH)2 + 3H2SO4 > Fex(S04)3(aq) +
4Si0O; + 4H,0
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Néu ham lwgng sat rat cao (82—100%), cation
sat co thé bi thily phan nhanh chéng sau khi hoa
tan goethite va nontronite tao thanh hematit-Fe O3
ho&c sat sunfat HoFes(SO4)2(OH)7 co ban. Sy hinh
thanh sunfat s&t co ban phu thudc vao diéu kién
hoa tach va thich hop ngay ca & gia tri pH rat thap
(pH = 0,2). Nhiét d6 cao thwédng tao diéu kién cho
sw hinh thanh hematite.

Saprolite néi chung, bao gébm ca quang limonite
khi hoa tach & ap suét khi quyén co thé tiéu thu
nhiéu axit (1&n t&i 1 tAn axit/tAn quang), day la mot
nhwoc diém dang ké vé mat kinh té.

Tap doan CAVICO Viét Nam la chi dau tw md
quang laterite rat I&n, dién tich lén dén 15km2, tai
Ban Bor, huyén Borikhan, tinh Bolikhamxay, nwéc
Coéng hoa Dan chi Nhan dan Lao. Qua tham do
ban dau (giai doan 1), wéc tinh trir lwong nguyén
t& Ni cGia khu mé la rat I6n (trén 400.000 tan Ni quy
kim loai); kem theo d6 la trir lwgng Sc khoang
3.500 tan quy kim loai (tinh riéng cho phan mé cé
ham lwong to» 80 ppm dén 300 ppm c¢6 tiém nang
khai thac). Theo danh gia ciia CAVICO Viét Nam,
tai day co trir lwgng thanh phén quang limonite Ion,
phan bb chi yéu & bé mat va duai Iop dat néng
nén dé khai thac. Ham lwong cac nguyén té Ni va
Sc trong limonite: Ni 0,1 — 0,25% va Sc 100 — 200
ppm. Day 1a cac nguyén t6 cé gia tri cao nén rat
can dwoc thu héi mét cach hiéu qua. Ham lwong
cac thanh phan khac, bao gém: Fe 19 — 28%, Al ~
9%, Mg ~ 0,8%. Vé&i cac thanh phan chinh cla
quang nhw vay theo cac nghién clru trong nwéc da
coéng bd ([1]1,[2]) &p dung quy trinh hoa tach bang
axit sulfuric dwoc cho la phu hop va dem lai hiéu
qua kinh té.

2. DI LIEU VA PHUONG PHAP NGHIEN CUPU
2.1. Béi twong nghién cilru

Quang nghién clru la mau dai dién do Tap doan
CAVICO Viét Nam khai thac tai Lao va cung cp
c6 cac thanh phan chinh véi ham lwong nhw trong
Bang 1.
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Bang 1. Thanh phan héa hoc cac nguyén t6
chinh trong mau chung cho nghién clru

Tén mau Ham lwong cac nguyén to
(mg/kg)
Quiing Ni Sc Fe
Ni-Sc | gea1 | 1107 | 190467.7

Mau nghién ctru dwoc nghién min dén cip hat
80% nhd hon 63 ym (P80 = 60 um). Thanh phan
cac cau t chinh trong quang bao gébm Ni va Sc
dwoc phan tich xac dinh bang phwong phap ICP-
MS c6 dd chinh xac cao.

2.2 Phwong phap thwc nghiém

Dung cu thi nghiém gém cbéc thiy tinh chiu
nhiét dung tich 500ml dwoc d&t trén bép dién co bo
phan gia nhiét. May khuéy can c6 diéu chinh tbc do
duwoc sir dung dé khudy hén hop trong thdi gian
phan rng.

Tién hanh hoa tach khudy trén véi quy mo
phong thi nghiém & diéu kién thwdng bang tac
nhan axit sulphuric, duy tri téc d6 khuay 500 r/min:
Khéo sat cac thdng sb6 anh hudng dén hiéu suét
hoa tach Ni, Sc vao dung dich, bao gdm céac théng
s6: Nong do axit, nhiét do hoa tach, thoi gian hoa
tach, ty 1& pha rén/ldng (R/L) va cép hat.

Hoén hop phan (rng sau hoa tach dugec lgc thu
dung dich. Phan can khéng tan dwgc rira béng
dung dich axit sulphuric pH = 1. Phan dung dich
gop chung dwoc phan tich trén thiét bi ICP-MS xéac
dinh thanh phan cac nguyén tb chinh la Ni va Sc.

Dwa vao ndng d6 Ni, Sc ciing nhuw tap chat cé
trong quang trwéc hoa tach va trong dung dich thu
duwoc dé tinh toéa hiéu suat hoa tach clia ching theo
cbng thre:

A Kp b ok M(da)
Hiéu suat hoa tach (%) = ——x100
M(q)

Trong do:

m(qq) - lwong chat can xac dinh cé trong dung
dich sau hoa tach

m(y - lwong chat can xac dinh co trong quang
ban dau
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3. KET QUA VA THAO LUAN

3.1. Anh hwéng ctia ndng dé axit sulphuric
dén hiéu suat hoa tach Ni, Sc va Fe

Thi nghiém kh&o sat anh hwdng ctia nébng do
axit sulphuric dén hiéu suét hoa tach Ni, Sc va
thanh phan Fe dwoc tién hanh & diéu kién nhiét do
phong thi nghiém. M&i mé thi nghiém gém 25,00
gam quang limonite da nghién min va cho vao cbc
thay tinh chju nhiét dung tich 500 ml. Thém 250,00
ml dung dich axit cé néng d6 lan lwot 1a 1M, 2M,
3M, 4M, 5M va 6M. Tién hanh khudy lién tuc hén
hop trong thdi gian 6h, duy tri téc d6 khudy 500
r/min. Sau khi két thiic phan rng, tién hanh loc tach
dung dich khdi cin khéng tan, rira cdn bang 250
ml dung dich axit sulphuric loang pH = 1. Dung
dich dwgc gop chung va dinh mrc dén 500,00 ml.
Tién hanh phan tich ham luwong thanh phan Ni, Sc
va tap chét Fe trong dung dich sau dinh mdc. Dya
vao lwveong Ni, Sc, Fe thu dwoc sau hoa tach, so
sanh v&i ham lwong cla chang trong mau quang
ban dau dé tinh hiéu suat hoa tach. Két qua thu
dwoc thé hién trén Hinh 1.
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Hinh 1. Anh hwéng ctia néng dé axit dén hiéu
suat thu hoi Ni, Sc va Fe

Tw két quéd khdo sat anh hwéng cliia néng do
tac nhan axit sulphuric dén hiéu suét hoa tach Ni,
Sc va Fe & diéu kién nhiét do phong thi nghiém c6
thé thay rang khi tang ndéng dd axit thi hiéu suét
hoa tach Ni va Sc tang va dat cyc dai & néng dé
axit H2SO4 tr 5 — 6 M. Tuy nhién & néng do axit
H2S04 4 M cho hiéu suét tach Ni va Sc thap hon
nhung khéng dang ké, twong ng Ni ~ 20%, Sc ~
30%. C6 thé moét lwong 16n axit da tiéu tén dé hoa
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tan cac thanh phan tap chat cé trong quing
limonite, nhan dinh nay phu hop v&i cac két qua da
duwoc cong bd ([5],[10]). O didu kién nhiét dd phong
kha ndng hoa tan cac khoang sat chwa dat dén
murc dd cao nhét, chi dat mirc 23% khi st dung axit
ndng do 4M. C6 thé nhan dinh rang hiéu suat tach
cac thanh phan ra khéi quéng khdng cao khi tién
hanh & diéu kién nhiét do thong thwdng. Nong do
H2S04 4M duwoc lwa chon cho cac nghién ciru tiép
theo nham gidm chi phi tac nhan axit, han ché
thanh phan tap chét hoa tan déng thdi cung véi Ni
va Sc.

3.2. Anh hwéng cta nhiét do hoa tach dén hiéu
suat hoa tach Ni, Sc va Fe

Khéo sat anh hwéng cla yéu t6 nhiét d6 dén
hiéu suat hoa tach Ni va Sc dwoc tién hanh & diéu
kién nhiét d6 thay dbi. M&i mé thi nghiém gém
25,00 g quang limonite da nghién min cé cap hat
P80 = 63 ym va cho vao céc thiy tinh chiu nhiét
dung tich 500 ml. Thém 250,00 ml dung dich axit
c6 ndng dd 4 M, duy tri tbc dd khuéy 500 r/min, thoi
gian 6 h. Nhiét dd khao sat thay ddi 1an luot 1a
30°C, 50°C. 60°C, 70°C, 80°C va 90°C. Két qua
&nh hwéng clha nhiét dd dén hiéu suat hoa tach Ni,
Sc va thanh phan tap chat Fe duwoc thé hién trén
Hinh 2.
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Hinh 2. Anh hwéng cta nhiét dé phan ng
dén hiéu suéat thu héi Ni, Sc va Fe

Khi tdng nhiét d6 phan (rng thi hiéu suat hoa
tach cac thanh phan cé trong quang bao gém ca Ni
va Sc ciing tang dang k&, d&c biét 1a tang cao ddi
voi Fe. VGi n6ng do axit HoSO4 4M, khi nhiét do dat
70°C thi hiéu suat tach Ni dat khodng 52% trong
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khi khoang 64% Sc dwgc tach vao dung dich.
Trong khoang nhiét @ 80 — 90°C thi hiéu su4t hoa
tach dong thoi Ni va Sc ting manh, thanh phan Sc
gan nhw duwoc tach hoan toan vao dung dich &
nhiét dé6 90°C, trong khi & nhiét dé nay Ni la 80%.
Tuy vay & nhiét do ~ 90°C co thé gay that thoat hoi
nudc, lam thay dbi ty 1é thanh phan pha R/L va thay
déi nébng do axit str dung, déng thoi hoa tan t6i da
thanh phan tap chéat cé trong quang. Do d6 huéng
nghién ctu tiép theo dwoc tién hanh & khoang
nhiét do 70 — 80°C, trong khodng nhiét dé nay hiéu
suét tach cla Fe Ia trén 70%.

3.3. Anh hwéng ctia thei gian hoa tach dén hiéu
suat hoa tach Ni, Sc va Fe

Cac thi nghiém dwoc thuc hién & diéu kién
nhiét dd 80°C, ndng do axit 4M, duy tri tbc do khuay
500 r/min, ty 1& R/L = 1/10. Théng s6 thdi gian dwoc
thay déi trongday 2 h, 3h,4 h,5hva 6 h. Két qua
anh hwédng cta nhiét dd dén hiéu suét hoa tach Ni
va Sc duoc thé hién trén Hinh 3.
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Hinh 3. Anh hwéng cuta thoi gian phan (rng

dén hiéu suéat thu héi Ni, Sc va Fe

Tai nhiét dd phan (rng 80°C, hiéu suét hoa tach
Ni dat can bang trong khoang th&i gian phan ng
4 h twong &ng khodng 65%. Trong khi d6 hiéu suat
tach Sc dat khoang 70% & th&i gian phan i’ng 4 h
va dat can bang & khoang thoi gian 4 — 5 h véi hiéu
suéat hoa tach khodng 80%. Thanh phan sat gan
nhw hoa tan hoan toan vao dung dich & nhiét d6
80°C trong th&i gian phan tng 5 h. D& han ché
thanh phan sét hoa tan téi da, thoi gian phan tng
4 h duoc lwa chon cho cac thi nghiém tiép theo.
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3.4. Anh hwéng cua ty 1é R/IL dén hiéu suét
hoa tach Ni, Sc va Fe

Anh huéng cla ty 1& pha R/L dén hiéu suat hoa
tach Niva Sc dwgc danh gia véicacty lé 1/10,2/10
va 3/10. Quéng c6 cap hat P80 = 63 ym. Cac thi
nghiém duwoc tién hanh & diéu kién 80°C, axit
sulphuric nébng d6 4 M va duy tri tbc d6 khuay 500
r/min trong thei gian 4 h. Két qua cho thay hiéu qua
hoa tach Ni va Sc ting khi giam ty 1& pha R/L. S6
liéu khdo sat thé hién trong Bang 2.

gian phan (rng 4 h. Két qua cho thay hiéu qua hoa
tach Ni va Sc ty 1& thuan véi thanh phan cép hat
min c6 trong hdn hop hoa tach, ty 1& hat min cang
I&n thi kha nang giai phong cac khoang cang Ién
nén cac khoang dé tiép xuc véi pha tac nhan axit
va bi hoa tan vao dung dich. D& ting hiéu qua tach
Ni va Sc thi cp hat quéng P80 = 63 ym la phu hop
nhat. Sé liéu thé hién trong Bang 3.

Bang 3. Anh hwéng cta cap hat dén hiéu suéat

hoa tach cac thanh phan Ni, Sc va Fe

Bang ZAQE:Ethzgétcgzat);{élihpha RIL Cép hat Hiéu suat hoa tach, %
) Fe Ni Sc
Ty 1é pha Hiéu suat hoa tach (%) P80=63um | 100,0 | 658 | 80,1
(glj:-;) Fe Ni Sc P80 =125 pym 80,2 | 604 70,6
1/10 100,0 65,8 80,1 P80 =215 um 60,1 50,5 55,5
2/10 90,0 25,6 30,7 4. KET LUAN
3/10 60,2 15,5 20,6 » Mac du cdng nghé ché bién quang Ni duwoc

Hiéu suét tach Ni, Sc va cac tap chét tang khi
gidm ty 1& pha R/L va dat I&n nhét tai ty 18 R/L =
1/10 twong ng v&i ty 1€ Ni va Sc dugc tach vao
dung dich la 66% va 80%. Tai ty Ié pha R/L = 3/10
thi hiéu suat hoa tach cla tat ca cac thanh phan
trong quang déu gidm, diéu nay cé thé duoc giai
thich b&i cac ly do sau: thir nhat, mét lwong dang
ké thanh phan silicat tao ra I&p khuéch tan trén bé
mat cac hat quang; th(r hai, kha néng tiép can bé
mat khéng phan (rng ctia H* bi han ché do sy hinh
thanh 1&p sén pham ran xbp trén bé mat hat quang;
va thi ba |a ban chat qua trinh thdm thau cham
cla cac pha khoang nhw hematite va goethite.

3.5. Anh hwéng cuia cap hat dén hiéu suat hoa
tach Ni, Sc va Fe

Thi nghiém danh gia anh hwdng cua kich
thwdc hat quang dén hiéu suét hoa tach Ni va Sc
thwe hién & diéu kién khac nhau vé cap hat, bao
gdm P80 = 63 ym, P80 = 125 ym va P80 = 215 pm.
Céc thi nghiém hoa tach duwoc tién hanh & diéu
kién 80°C, axit sulphuric néng do4 M, tylé RIL =
1/10 va duy tri tbc d6 khudy 500 r/min trong thoi
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nghién ctru tir 1au tuy nhién thanh phan nguyén t6
Sc ¢6 gia tri chwa dwoc dé cap nghién clru sau tai
Viét Nam. V&i muc tiéu xay dwng quy trinh hoa
tach quang limonite dinh hwéng thu nhan déng thoi
Ni va Sc, nhém nghién ctru da khao sat mot sé yéu
td anh huwdng dén hiéu suat qua trinh. Két qua cho
thay & cap hat min P80 = 63 um sau thoi gian hoa
tach 4 h, cé thé dat dwoc hiéu suat hoa tach Ni ~
70% va Sc dat ~80% & cac diéu kién néng dd axit
st dung H2S0O4 4M, nhiét d6 phan ng duy tri
80°C, ty & ran/ldng 1/10 va duy tri téc dd khuay
500 r/min. Tac nhan axit sulphuric 1a phu hop vé
mat kinh t&, ddng thdi cho hiéu qué hoa tach Ni va
Sc cao, han ché duoc tap chat hoa tan trong qua
trinh hoa tach tr dé gidam chi phi cho cac cong
doan xt ly dung dich tiép theo;

> Két qua nghién ctu dat dwoc phu hop voi
thue tién tai nwdc ta va phu hop véi nhiéu cong
bd qudc té vé nghién ctu ché bién quang laterite
Nikel trong d6 cé quang limonite. Thanh céng cla
dé tai sé gép phan mé réng nghién clru trong ché
bién sau quang nikel déng thdi thu nhan céac
nguyén tb cé gia tri cao, dac biét la nguyén t6 Sc
tai Viet Nam O
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ABSTRACT

Nickel and scandium were extracted from limonite ore under atmospheric pressure leaching
conditions. The following variables were examined to understand their effects on nickel and scandium
extraction: sulphuric acid concentration, leaching temperature, leaching time, liquid-to-solid ratio and
particle size. After 4 h of leaching, ~70% Ni and ~80% Sc were obtained under the following conditions
4M H>S0y4, 80°C, solid to liquid ratio = 1/10 (gr/ml) and laterite particles P80 = 63 um at stirring speed =
500 rpm. The results indicated that although limonite ore contains low grade of Ni and Sc, under optimal
leaching conditions, Ni and Sc could be obtained with high efficiency. Using sulfuric acid as a reagent is
economical and it also limits the dissolution of impurity components into the solution.

Keywords: Atmospheric pressure leaching; limonite ore; nickel and scandium extraction.

@ Vietnam Mining Science and Technology Association

il SO 5 - 2024 Website: https://tapchi.hoimovietham.vn



