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Laterite nickel ores, accounting for about 70% of total world nickel
reserves, are very abundant and considered as an important resource of
nickel. However, nickel content of laterite ores are generally low of about
0.5+2.5% Ni. In addition, nickel minerals are very finely disseminated in
the ores, so that traditional separation methods such as froth flotation,
gravity method, magnetic method, and electrical separation produce very
low recovery efficiency. Currently, the treatment of this type of ores is
being intensively studied and directed to use common available processes
including: Hydrometallurgical, pyrometallurgical, and reduction roasting
- magnetic separation processes. This article aims to summarize typical
studies on the characteristics of current laterite nickel ore processing
technologies commonly used in the world and in Vietham. From the
review, appropriate direction for treatment of Thanh Hoa - Vietnam
laterite nickel ores can be proposed.
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Cac nghién cru vé quy trinh xtr Iy quang niken laterit trén thé
gidi va & Viet Nam
Nguyén Tudn Khanh?, Tran Trung Téi 2%, Phung Tién Thuat 2

1 Phdn vién Khoa hoc Pia chdt va Khodng sdn phia Nam, TP. H6 Chi Minh, Viét Nam
2 Trworng Pai hoc M6 - Pia chdt, Ha Noi, Viét Nam

THONG TIN BAI BAO TOM TAT
ﬁﬁ‘;éggf’l 8/01/2021 Qudng niken laterit la ngudn tai nguyén niken quan trong, rdt doi dao, chiém
, khodng 70% tong trir lwong niken thé gi¢i. Tuy nhién, niken trong qudng
Straxong 14/5/2021 laterit c6 ham lwong thdp 0,5+2,5% Ni, lai xdm tdn rdt min trong cdc khodng
Chap nhan dang 15/6/2021 chdt nén viéc tuyén lam giau bang cdc phwong phdp tuyén truyén théng
Tir khéa: (1 ty)/é’n trong luc, tu,ye”n ar, tuye”n dién, tuyén né’Q cho hiéu qud thu hoi thdp.
Quiing niken laterit Hién nay, viéc xuv]y qudng nay dqng q‘u’grc nghl‘en ctiu va str dgng‘ the‘o_ cdc
Tuyén iy ’ quy trinh n},ur: thlpA/ Iuy;en, hga Iyyen va Czunﬁqﬂhoag nguyeén - tuyén ti. ]/Bal Izao
Thanh H (1) a téng hop cdc nghién ctru dién hinh vé ddc diém cua cdc qud trinh xwr Iy qudng

niken laterit hién dang str dung phd bién trén thé giGi va Viét Nam, tir do
nhdn dinh hwdong di phtt hop trong xir ly qudng niken laterit & Thanh Héa,
Viét Nam.

Thiéu hoan nguyén,

© 2021 Trwong Dai hoc Mo - Bia chat. T4t ca cic quyén dwoc bdo dam.

1. Mé& dau

Niken 1a mot kim loai mau thiét yéu va dwoc
st dung rong rai cho thép khong gi va thép hop
kim, ma dién hodc lam chat xuc tic trong qua trinh
hydro héa ctia nganh céng nghiép hoa chat dau khi
(Ma va nnk,, 2016; Li va nnk, 2012). Tai nguyén
niken c¢6 nguon géc tir hai loai: quing sunfua va
quang laterit, 1an lwgt chiém khoang 30% va 70%
trit lwong niken thé gi¢i. Tuy nhién, hién nay
lwong niken san xuit ra chiém trén 60% san
lwgng c6 ngudn goc tir quang niken sunfua (Bai va
nnk., 2010) vi niken trong quing sunfua dé tuyén
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lam gidu bdng cic phuong phap tuyén truyén
thong: tuyén noi (twong tw tuyén pyrit), hodc
tuyén tir két hop tuyén néi. Do dd, quing niken
sunfua dang dan can kiét, quang niken laterit c6
ham lwong niken thap (Pournaderi va nnk., 2014)
dan tré thanh ngudn tai nguyén chinh dé san xuit
niken (Kim va nnk., 2010; Pickles, 2013; Pickles,
2014).

Trong quang laterit, niken phan b6 & nhiéu
khodng vt khac nhau, nhwng giau nhit trong
khodng nontronit, serpentin va cac khoadng sit
oxit (goethit/ limonit) (Al - Khirbash, 2015; Rice,
2016). Ngoai ra, quang nay c6 ham lwgng niken
thip (0,5+2,5% Ni), thwong dwoc chia thanh ba
16p: limonit, saprolit va garnierit (Agacayak va
nnk.,, 2016; Zevgolis va nnk, 2010). Vi vay, cac
phwong phap tuyén truyén thong dé nang cao
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ham lIwgng niken déu khong hiéu qua (Quast va
nnk, 2015).

Xétvé lgi ich, quang niken laterit c6 hai lgi thé
phat trién dang ké: thir nhit, ching cé trir lwong
doi dao; thir hai, quing nay hinh thanh ngay trén
mat dat, dé khai thac (Bunjaku va nnk, 2012;
Pickles va Elliott, 2015). P4y la diéu kién thuin loi
dé phat trién cong nghé ché bién siu loai quang
nay (Ma va nnk.,2016; Elliott va nnk., 2015). Bé
dap rng nhu cau ngay cang tang vé niken va giup
khai thac loai quang nay hiéu qua hon, thi diéu
quan trong la phat trién quy trinh x& ly quing
niken laterit hiéu qua. Bai bdo nay téng hop cac
nghién ctru vé viéc phat trién cac quy trinh x ly
quang niken laterit trong nhitng ndm gin day,
dong thoi dé xuit dinh hwéng cong nghé xi ly
quang niken laterit & Thanh Héa, Viét Nam.

2. Quy trinh thiy luyén xi ly quang niken
laterit

Cac quy trinh thiy luyén dé xir ly quang niken
laterit bao gom: thiéu hoan nguyén - hoa tach
amoniac; hoa tach axit ap suit cao; hoa tach axit
moi tredng khi quyén va hoa tach déng. Nguyén
tic co ban cua cac quy trinh nay 13 hoa tan niken
va coban trong quing niken laterit bang dung méi
amoniac (NH3 - (NH4)2C03) hodc axit (H2SO4, HCI,
HNOs), sau d6 xtt Iy dung dich dé thu hoi Niken va
coban.

2.1. Thiéu hoan nguyén - hoa tach amoniac

Pay dworc goi 1a quy trinh Caron (Hinh 1). N6
phu hgp cho viéc x ly quang limonit & nhiét do
thiéu 700+800°C véi sw ¢ mat ctia chit khi; tiép
d6 1a qué trinh hoa tach niken trong san pham sau
thiéu trong dung mdi amoniac - amoni cacbonat.
Két qua c6 thé hoa tich 75+80% Niva 40+60% Co.

Chen va nnk. (2010) da nghién ctu xt ly
quang niken laterit (Ni 1,17%, Fe 45,56%) & diéu
kién thiéu t6i wu nhw sau: khéi lwong chat khir
10%, thoi gian 120 phut, nhiét do 750+8000 C.
Con trong qua trinh hoa tach amoniac, ty 1€
long/ran la 4/1 (mL/g), nhiét do 400 C, thoi gian
120 phut va ty 1é nong d6 ctia NH3/CO2 1a 90/60
(g/L). Trong diéu kién nay, hiéu suat tach niken va
coban lan lwot 1a 86,25% va 60,84%.

Valix va nnk. (2002) da st dung nguyén t6 S
trong nghién ctu va cho thiy sw c6 mat cia S c6
thé lam giam nhiét d6 thiéu hoan nguyén xuéng ~

Quing Niken Laterite

Y
| Séy khé |

Y
| Thiéu hoan nguyén |

Y
| Hoa tach Amoni |

|——— » B3 hoa tach
A J
| Chiét ly long |

Két tia chon loc Ni, Co

Y
| Nung |

l

Ni. Co
Hinh 1. Quy trinh cong nghé Caron.

600°C ma van cho kha ning thu hdi Ni cao hon tir
quang limonite va saprolit. Viéc bé sung 5% S
trong qud trinh thiéu da dat dwgc mirc thu hoi
niken 98% tir quang saprolit va 80,6% tir quang
limonit. Trong khi khéng b6 sung S, d thu hoi Ni
lan lwot 1a 28% va 29% tlr cac quang nay.

To6m lai, niken va coban cé thé dworc tich dong
thoi bang qua trinh thiéu hoan nguyén - hoa tach
amoniac. Tuy nhién, ty lé thu hoi niken va coban
twong doi thap, ~ 75+85% véi Ni va ~ 40+60%
vi Co. Ngoai ra, qua trinh nay khong thé st dung
dé xi ly quang niken laterit c6 ham lwong dong
cao, b&i vi dong c6 thé tao phirc véi amoniac nhw
niken va coban din dén viéc tach niken va coban
khé khin. Quy trinh nay ciing khéng phu hop dé
xt ly qudng niken laterit c6 ham lwong silic va
magié cao. So v&i cic quy trinh thiy luyén khac dé
xr ly loai quang nay, han ché cta qua trinh thiéu
hoan nguyén - hoa tach amoniac la yéu cau tiéu
thu nang lwgng cao hon. Trong nhirng ndm gan
day, cac nha nghién ctru da cai tién dé cong nghé
nay cai thién viéc chiét tich Nilén 80+85%. Vi vay,
quy trinh thiéu hoan nguyén - hoa tach amoniac
tré thanh mot diém noi bat va da dwoc trién khai
ap dung vao thuec té.

2.2. Hoa tdch axit dp sudt cao

Hoa tach axit 4p suit cao la qua trinh hoa tach
truc ti€p quang trong thiét bi kin Autocla, bao gom
ba khau: chuidn bi, hoa tdch va thu hoi niken,
coban tir dung dich (Hinh 2). Qua trinh thwong
tién hanh & nhiét do 250+2700C, 4p suit 4+5 MPa
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Hinh 2. Sor d6 quy trinh hoa tdch axit dp sudt cao.

va nong do axit cao (yéu ciu axit tw do 25+100
g/L) dé hoa tan niken va coban 1ém hon 90%. Do
dd, qua trinh nay yéu cau vé chi phi bo tri thiét bi
cao, thwong xuyén phai kiém soat cac diéu kién
cda quy trinh. Ngoai ra, phwong phap nay khong
thich hgp vé&i quang niken larterit chita ham
lwong magié cao, vi magié sé lam tang lwgng axit
tiéu thu.

Axit dwoc st dung nhiéu nhit 13 axit sunfuric
(Onal va nnk, 2014; Johnson va nnk, 2005;
Rubisov va nnk., 2000). Nghién ctru ciia Johnson
va nnk. (2005) cho thay, viéc tach niken tir quang
laterit giau nontronit dwoc ting cwong bang cach
tang axit hodc bo sung mét lwgng nhoé natri vao
dung dich hoa tach. Véi chi phi axit 1a 380 kg/tin
quang, niken va coban hoa tach lan lwot 1a 93,3%
va 91,6%. Trong khi dung mai hoa tach cho thém
5 g/L ion natri thi chi can chi phi axit 320 kg/tin
quang, hiéu suat hoa tach niken va coban Ian lwot
1293,6% va 95,2%. Két qua chi rarang cd thé giam
dwoc it nhit 15% axit khi thém 5g/L ion natri vao
dung dich hoa tach. Biéu nay c6 lgi trong viéc giam
chi phi trung hoa axit vi néng do axit tw do cudi
cung thip hon trong qua trinh xtr ly thu héi.

Cac rng dung thuc té cia phwong phap hoa
tach axit sulfuric 4p suit cao dé xtr ly quing niken
laterit cia Moa & Cuba va Ramu & Papua New
Guinea. Quang niken laterit Ramu, thanh phan
chinh 1,20% Ni, 0,1% Co, 45% Fe; hoa tach & diéu
kién: mat do bun 32%, kich thwéc hat 4+200 pm,
nhiét do hoa tach 255° C, ap suit trong Autocla 4,8

MPa. Vi thoi gian hoa tach 50+60 phut, hiéu suit
hoa tan niken va coban cao, twong ttng ~ 96% va
~ 94% (Yang, 2013). Tuy nhién, c6 mot s6 van dé
trong qua trinh san xudt: (1) Khé kiém soat mét so
tap chat trong qua trinh hoa tach ap suit cao, diéu
nay sé anh hwdng dén san phdm niken va coban
cling nhw din dén ting chi phi d€loai bé tap trong
qua trinh san xuit. (2) San pham niken va coban
c6 dd 4m cao lam ting chi phi vin chuyén 1én ~
20%, anh hwdng dén hiéu qua kinh té ctia toan bd
qua trinh san xuat.

Cac nghién cru gin diy dang thay thé axit
sunfuaric bang axit nitric va axit clohydric trong
qua trinh hoa tach. Hoa tach ap suét cao st dung
axit nitric (NAPL) da dwoc c4p bang sang ché vao
nam 2008. Wang va nnk. (2008) da chi ra rang axit
nitric c6 thé dwoc st dung lam dung méi hoa tich
quang niken laterit c6 chira magié cao. Chi tiét qua
trinh nay nhw sau: Thi nhat, quang niken laterit
magié cao dwoc nghién dén cd hat 75 um (= 80%);
thit hai, hén hop axit nitric va quing niken laterit
v&i mot ty 1é axit/ran nhat dinh dwoc cho vao thiét
bi hoa tach Autocla trong diéu kién nghién ctru
khdo sat (nong do axit nitric 500+1500 kg/tin
quing, ty 1& 16ng/ran la 3/1+10/1, nhiét do
120+2000C, thoi gian hoa tach 30+120 phit, toc
d6 khudy 300 + 500 vong/phut); thi ba, tinh ché
va loai bo sit bang cach két tlia thong qua viéc
thém MgCl; lam chat trung hoa va kiém soat dé pH
tir 2,5+3,5 dan dén ndng do sat thap hon 0,07 g/L
trong dung dich sau hoa tach; th tw, két tda thu
ho6i dong thoi niken va coban trong dung dich khi
sat & pH tr 6,5+8,0 va cling st dung MgCl, lam
chit trung hoa. Két qua hiéu suit thu hoi niken va
coban déu dat 95%, con magie dat 98%. Trong
qua trinh hoa tach, axit nitric vira cé tac dung hoa
tan niken va coban, lai vira oxy hoa sat (II) 1én sat
(I11), rat hiru ich cho viéc hinh thanh hematit theo
phén tng tir (1) dén (4) va dan dén nong do sat
trong dung dich hoa tach thip. Ba hoa tach con lai
c6 ham lwong sat cao, khéng c6 lwu huynh, thich
hop 1am nguyén liéu dé luyén gang.

FeOOHv4n) + 3H* — Fe3*+ 2H,0 (1)
Fe30qpan) +8H* — 2Fe3* +Fe?+ +4H,0 (2)
3Fe?++NQ3 + 4H*— 3Fe3* +NOT+2H;0 3)
2Fe3* +3H,0 — Fez03(an) + 6H* (4)
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Zhang va nnk. (2015) da st dung qua trinh
hoa tach chon loc bang axit clohydric c6 4p suit dé
tadch niken va coban tir quang laterit saprolitic
chira 1,37% Ni va 18,8% Fe. Két qua cho thiy hoa
tach 4p sudt bang axit clohydric 1d mdt phwong
phép hiéu qua dé hoa tan niken tir quing laterit.
Cac diéu kién hoa tach t6i wu nhw sau: nong do HCI
350 g/L, ty 1é L/R 1a 1,0, nhiét d6 150° C va thoi
gian 12 90 phit. Trong diéu kién nay, hiéu suat hoa
tach niken va coban lan lwot 1a 89,4% va 97,3%.
D&i véi giai doan dau clia qua trinh hoa tach, sat sé
hoa tan va két tda theo phan &ng (5)+(7). Vi vay,
qué trinh hoa tach ap suit bang axit clohydric c6
tinh chon loc t6t ddi véi niken.

FeOOH iny+ 4HCl > FeCly-+ 2H,0 + H (5)
FeCly-+2H,0 — FeOOH + 3H* +4Cl- (6)
2Fe00H — Fe;03 + Hz0 7)

2.3. Hoa tdch axit dp sudt thwong

Ciing giong nhw qua trinh hoa tich axit ap
sudt cao, axit dwoc st dung nhiéu nhit trong qua
trinh nay la axit sunfuric (MacCarthy va nnk,
2014). Va ciing c¢6 nhiéu nghién ctru vé viéc st
dung axit clohydric, axit nitric va axit hitu co lam
dung méi hoa tan dé tach niken tir quang niken
laterit (Guo, 2015; Astuti va nnk,, 2015; Wang va
nnk, 2012).

Kursunoglu va Kaya (2016) da nghién ctru
hoa tach niken, coban va sét tir quang laterit clia
Caldag bang axit sulfuric & ap suit thwong. Hiéu
suit hoa tan niken, coban va sit twong tng la
91,9%, 93,5% va 80,5% & diéu kién hoa tach: Kich
thuéc hat quing 212 um, néng dé axit sulfuric 2
mol/L, thoi gian hoa tach la 6 gio, mat dé bun
10%, nhiét d6 hoa tach & 90°C va toc do khudy
500 vong/phut.

Wang va nnk. (2012) da nghién ctru dac diém
hoa tach axit clohydric & ap suit thwong doi voi
quang laterit c6 ham lwgng niken thap (Ni 0,82%,
Fe 49,92%, Co 0,078%). Cac diéu kién hoa tach t6i
wu nhw sau: ty 1€ axit/quangla 1,25, 16ng/ran 1a 4,
nhiét do hoa tach 1a 800 C va thoi gian hoa tach la
2 gio. Hiéu suét hoa tach Ni, Co va Fe trong cac
diéu kién nay lan lwot 1a 95,1%; 99,0% va 94,6%.
Mirc d6 hoa tan niken cta cac khoang chat giam
dan theo th& tw sau: siderite > chrysotile >
magnetit > maghemite > goethite > hematit >

chromite = ringwoodite.

McCarthy va nnk. (2014) da gi¢i thiéu quy
trinh hoa tach niken truc tiép bang axit nitric & ap
suit thwong va cé thé st dung cho tat ca cac loai
quang niken laterit. Quang dwoc khai thac va
nghién nhé dwéi 2 mm. Sau d6, quang dwoc tron
v(i axit nitric dat ham lwong ran ~ 20+30% va
dwoc dwa dén cac bé G néng & 110°C. Thoi gian
hoa tach tir 2+6 gi¢r (thwong la 4 gio). Qua trinh
nay chirng minh don gian va an toan khi hoat dong
lién tuc (Hinh 3).
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Hinh 3. So d6 quy trinh hoa tdch niken truc tiép
bdng axit HNO3 (McCarthy va nnk., 2014).

Axit hitu co than thién moi trwedng hon axit vo
co nén ciing dwoc str dung trong nghién ctru gn
day (Astuti vannk.,, 2015; 2016). Astuti va cdng sy
da str dung axit xitric lam chat hoa tach & ap suit
thwong doi voi quang saprolitic & Indonesia ¢
ham lwong niken 1,76%. Hiéu suat hoa tach niken
cao nhit dat 95,6% & diéu kién hoa tach: Kich
thuwéc hat quang 1212+355 pm, nong d6 axit toi
wu 1 mol/L, thoi gian hoa tach 15 ngay, mat do
bun 20%, nhiét d6 hoa tach 400C va téc do khudy
200 vong/phut.

Cac két qua nghién ctru cho thiy, qua trinh
hoa tach axit 4p suit cao dat dwoc mot s6 két qua
nhu: ty 1é tach niken/ coban cao va hiéu suat cao;
nhung ciing c6 mot sé nhwoc diém: do diéu kién
ap suat, moi trwong axit trong qua trinh hoa tach
va loai bo tap chit phirc tap, nén qua trinh hoa
tach axit 4p suit cao phai sit dung nhiéu thiét bi
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dac chung riéng, chi phi dau tw cao. Ngoai ra, cin
c6 lwong axit tw do dw thira d€ hoa tach niken va
coban cang nhiéu cang tot. Hon nita, qua trinh hoa
tach axit sunfuric ap suit cao chi thich hop dé xt
ly quing laterit limonit c6 ham lwong nhom thip
va magie thap. Con, qua trinh hoa tach axit nitric
c6 ap sudt va qua trinh hoa tach axit clohydric
chon loc & 4p sut cao van chwa hoan thién va can
dworc t6i wu hoa thém.

Khi so sanh véi qua trinh hoa tach axit ap suit
cao, qua trinh hoa tach axit & ap suit thwong co chi
phi thip, thiét bi don gidn, nhung hiéu suit hoa
tach niken twong d6i thap, nén c6 thé thich hop dé
hoa tach quang niken laterit c6 ham lwgng niken
thap (Kursunoglu va nnk, 2016). Qua trinh hoa
tach axit httu co than thién véi moi tredng hon
qua trinh hoa tach axit v6 co, nhung thoi gian hoa
tach axit hitu co rat lau.

3. Quy trinh héa luyén xir ly quang niken
laterit

Phuwong phap héa luyén dé xir Iy quang niken
laterit bao gom: san xuat feronickel bang qua trinh
nung khtt trong 10 quay - ndu chay bang 10 dién va
san xudt sten niken trong qua trinh luyén phan
tng (Warner., 2006). Cac phwong phap héa luyén
hau hét thich hop véi quang laterit saprolitic va
granit c6 chira niken cao (Zevgolis va nnk., 2010;
Li va nnk., 2011). Niken va sat trong quang bi khr
thanh kim loai, sau d6 sdn phiam feronickel dwoc
tach ra khoi xi thong qua qua trinh niu chdy. San
xudt sten niken trong qua trinh niu chay khtr 1a
mot ki€u twong tw nhw qud trinh san xut
feroniken, chi khac la cé cho thém lwu huynh vao
nguyén liéu trong qua trinh niu.

Quaé trinh khtt bing 10 quay - nu chay bang 10
dién dworc goi la RKEF, véi cac buére chinh la sy,
nung, hoan nguyén va niu chdy. Luwu trinh RKEF
dwoc mo ta & Hinh 4 (Keskinkilic, 2012).

Keskinkilic va nnk. (2012) da khao sat dac
diém nung ctia quang niken laterit (Ni 1,26%, Fe
32,6%). Qua trinh gom hai khia canh: loai bo nwéc
lién két hoéa hoc trong qua trinh chuyén héa
goethit - hematit; va loai bd cac chat bay hoi trong
khoang 350+700° C. Do dd, nén chon 7000 C lam
nhiét do nung d€ loai bo hiéu qua nwéc lién két
hoéa hoc va tit ca cac chat bay hoi. Zevgolis va nnk.
(2010) da nghién ctru sw bién doi pha clia quang
laterit trong qua trinh nung néng so bd va khir
bang cacbon monoxit. Sw bién d6i cla goethit

Quang Niken Laterite

Y
| Say kho |

| Tién xut Iy |

A J
| Nau luyén |

Y
‘ Nung ‘

l

Fero niken

Hinh 4. Sor d6 quy trinh ndu feroniken tir qudng
niken laterit.

thanh hematit va sy phan hidy cta clorit va
serpentin, dwoc xac dinh trong qua trinh gia nhiét
so'bd. Qué trinh hoan nguyén dé khir cac hop chat
clia sat va niken sang dang kim loai. D6i v&i sat &
dang goethit thi hiéu suat hoan nguyén 1én dén
95%, trong khi qudng hematit hiéu sudt hoan
nguyén chi dat 50%. Kha ning khir cao hon c6 thé
la do dién tich bé mat riéng cua loai quing goethit
cao hon. Sau hoan nguyén la qua trinh niu chay
sat va niken vira hoan nguyén dé tao ra feroniken.

biéu quan trong la kiém soat qua trinh nung
hoan nguyén trong 10 quay, vi n6 anh hwéng manh
mé dén viéc thu ho6i niken va ham lwong
feroniken. Pournaderi va nnk. (2014) da nghién
cru anh hwdng cua nhiét do, lwgng than va thoi
gian hoan nguyén doi véi quang laterit (1,26% Ni,
32,6% Fe) sau nghién so bd. Cac nghién ctru chira
rang, mirc dd hoan nguyén ra sat kim loai bi gi¢i
han & nhiét d6 dwéi 900 °C va tang nhanh & nhiét
dd cao hon. Con mirc do hoan nguyén cta Ni va Co
tang khi tang nhiét do tir 700+800 °C, roi gan nhw
chitng lai & nhiét Ao hoan nguyén 900 °C va sau dé
lai ting Ién khi ting nhiét dén 1100 °C. Sit c6 mot
vai tro kép & nhiét do hoan nguyén cao: lam tang
toc do phan &ng Budoa va dong thoi c6 thé phan
ung véi cac oxit Ni va Co thong qua phan tng (8)
va (9) dé tao ra cac nguyén to kim loai. Viéc ting
lwgng than khong anh hwéng dén mirc d6 hoan
nguyén sat & 900 °C, nhung c¢6 anh hwdng dén
mirc d6 hoan nguyén niken va khong anh hwéng
dén mirc d6 hoan nguyén cta Co & tat ca cac nhiét



Nguyén Tudn Khanh va nnk./Tap chi Khoa hoc Ky thudt M6 - Pia chdt 62(3b), 41 - 50 47

d6. O’ 1100 9C, cac phan (rng khir dién ra nhanh va
gan nhu két thdc trong vong 2400 gidy; nhung
phan &ng cin thoi gian dai hon dé hoan thanh &
1000 °C.

NiO + Fe = Ni + FeO (8)

Co0 + Fe = Co + FeO 9)

Qua trinh nung hoan nguyén trong 16 quay -
niu chay bang 1o dién, cin phai thwc hién ndu chay
& 1500+1600 °C, dan dén tiéu thu ning lwong cao.
Do d6 tinh thwong mai cia phwong phap nay bi
han ché va chi phu hop dé xir Iy quang laterit chira
niken ham lwgng cao, nham dam bao hiéu qua
kinh té.

Cac quy trinh héa luyén c6 wu diém ngin gon,
don gian va gan nhw da hoan thién. Tuy nhién cé
nhuoc diém: kho tach riéng dwgc coban ra khoi
san pham; yéu cau quing laterit chira ham lwong
niken cao va tiéu thu nang lwong dang ké. Vi vay,
dé giam tiéu thu nang lwong cia cac qua trinh hda
luyén, doi hoi quing can phai dwoc tuyén lam giau
trudre.

4. Quy trinh nung hoan nguyén - tuyén tir

Cac quy trinh thiy luyén rat phirc tap va mit
nhiéu thoi gian (Zheng va nnk,, 2014), nhwng chi
phi ndng lwgng thip. Ngworc lai, cac quy trinh hoa
luyén don gidn nhwng tiéu ton nhiéu nang lwong
va yéu ciu quang laterit c6 ham lwgng niken cao
(Ma va nnk.,, 2016). D& khic phuc han ché cua quy
trinh hda luyén, trong nhirng nam gin day, cic nha
khoa hoc di dé xuit thay thé khau niu chay bang
khAiu tuyén tir d€ thu hoi cac hat feroniken sinh ra
trong giai doan hoan nguyén. Nung hoan nguyén -
tuyén tir 1a mot quy trinh xtr Iy quang niken laterit
méi va diy hira hen, c6 titm nang rng dung cao
vao thyc tién, do quy trinh ndy don gian va tiéu
thu it nang lwong va c6 thé xtr Iy dugc cac loai
quang niken laterit khac nhau (Jiang va nnk,
2013; Tang va nnk., 2014). Trong giai doan nung
hoan nguyén, niken va sit dwoc khir thanh kim
loai & nhiét d6 1000+12000° C. Qudng sau nung
hoan nguyén dwoc nghién min va dem tach cac hat
feroniken bang phwong phap tuyén tir wét; ty 1é
thu hoi niken dat trén 90%.

Qua trinh tuyén tir muc dich 1am ting ham
lwong niken trong sdn phdm feroniken. Niken
phai dwoc khir thanh kim loai cang nhiéu cang tot
va sat phai dwoc khirhan ché dé dat duoc hiéu qua

khtr niken c6 chon loc va thu dwoc san phim
feroniken v&i ham lwong niken cao. Tuy nhién, dé
dat dwoc ca hai muc tiéu cing mot luc 1a rat kho,
vi sat s& dwoc khir thanh kim loai & mot mic do
nao dé va c6 chirc ning nhw mot chit mang
(Pickles va Elliott, 2015). Ngoai ra, diéu quan
trong la phai tang dwoc Kich thwéc hat feroniken
hinh thanh d€ hop kim feroniken c6 thé dwoc tich
hiéu qua va chon loc bang phwong phéap tuyén tir.
Zhu va nnk. (2012) da nghién ctru qua trinh nung
hoan nguyén quang laterit limontic va qudng
laterit saprolitic. Ké&t qua cho thay, khi trong
nguyén liéu c6 mot lwong khoang silicat phu hop,
s& gitip ngin can sy hoan nguyén sit va ting mirc
d6 hoan nguyén niken. Pong thoi, viéc b6 sung
canxi sulfat cling thic d4y sw hinh thanh va phat
trién kich thwéc hat feroniken trong qua trinh
hoan nguyén. Ngoai ra, ham lwong va ty 1é thu hoi
cda niken rat nhay cdm véi chi phi chat khit. Jiang
va nnk. (2013) da st dung quy trinh nung hoan
nguyén - tuyén tir dé xi ly quang laterit chira
nhiéu sat (1,49% Ni, 34,69% Fe), v4i viéc b6 sung
natri sunfat. Két qua thu dwoc san pham feroniken
c6 ham lwgng 9,87% Ni va ty 1é thu hoi niken dat
90,90% & nhiét do hoan nguyén 1200°C trong 50
phit véi viéc bo sung 10% NazSO04 va 2% than.
Elliott va nnk. (2015) da nghién cru qua trinh
hoan nguyén chon loc quang limonit c6 ham lwgng
niken 1a 1,38% va ham lwong sat1a 45,70%. Ho st
dung quy trinh tang nhiét va hoan nguyén hai giai
doan dé€ tao ra san phim feroniken. Quy trinh
nung quang ban dau v&i 6% than va bo sung 4%
lwu huynh & 600° C trong 1 gio, tiép theo 1a ting
truwedng Kich thuwdc hat ferroniken trong 1 gio &
10000 C. San pham feroniken thu dwgc véi ham
lwong niken 1a 4% va mic thu héi niken dat dwoc
12 93,2%. Ngoai ra, kich thwéc hat ferroniken tang
lén khi tang nhiét d0 va thoi gian. Nam 2015,
Elliott cling nghién ctu anh hwdng cta viéc bb
sung than d3, Ivu huynh, pyrit va natri sulphat va
nhiét do hoan nguyén trong khoang 1000+12000°
C d6i voi sw khir ¢ chon loc cia laterit limonite va
saprolit. Két qua cho thiy rang viéc b6 sung luu
huynh vao limonite phu hop hon véi lwvu huynh
vao saprolit. Hon nira, viéc bd sung cacbon va lwu
huynh tang lén va nhiét do hoan nguyén cao hon
sé dan dén sy hinh thanh cac hop kim feroniken
chira ham lwgng niken thip. P&i véi mau limonite
¢6 b6 sung lwu huynh 4% & nhiét d6 hoan nguyén
1100°C trong 1 gio, kich thwérce hat feroniken
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trung binh 13 1,59 pm, so v&i 1,01 um ddi véi cing
moét loai quing va diéu kién khr ma khong bo
sung lwu huynh. Trong truwong hop cla saprolit,
viéc b6 sung lwu huynh dwong nhw lam giam kich
thuérc hat feroniken trung binh. Do d6, cac nghién
clru ndy nhic nhé rang trong qua trinh tdi wu hda
cac diéu kién khir c6 chon loc, viéc lwa chon cac
chit phu gia thich hop cho céc loai quang niken
laterit khac nhau la rit quan trong. Zhou va nnk.
(2015) tién hanh khr quédng laterit niken ham
lwong thip véi viéc bo sung Na,S, Na2S04 va CaSOs,
So sanh ba chit phu gia, nhin thiy Na,SO, thic
ddy suw phat trién cia feroniken va cai thién ham
lwong cua niken trong feroniken la t6t nhit.

Nhuw vay, qua trinh hoan nguyén chon loc phu
thudc phan 16n vao hai nhém yéu t6: kiém soat
moi tredng hoan nguyén (phu thudc vao loai chit
khtt, chi phi chit khi¥) va lwa chon phu gia thich
hop. Cac chat phu gia thich hop c6 thé ting cwong
qua trinh nung khtr chon loc, &c ché qua trinh khi
sat, tang kich thwdc clia cac hat feroniken va cai
thién hiéu qua tuyén tach tir vé sau. Sy hinh thanh
va phat trién kich thwéc cta cac hat feroniken
trong giai doan nung hoan nguyén la rit quan
trong, vi né quyét dinh viéc tach hiéu qua cac hat
feroniken khoi cac tap chit trong giai doan tuyén
tir ti€p theo. Piéu nay bi chi phdi b&i nhiét d6 hoan
nguyén, thoi gian cling nhw cac chat phu gia phu
hop. Qua trinh hoan nguyén niken c6 chon loc va
sw phat trién kich thwdc hat feroniken quyét dinh
mirc do thu héi niken cling nhw chat lwong san
pham feroniken thu duorc.

5. Quy trinh xir ly quang niken laterit trong
nwoc

Theo bao cao “Tai nguyén Khoang san Viét
Nam” (Tri va nnk., 2000), mo6 cromit C6 Dinh la
mot trong cac mé cé tai nguyén trir lwong Co va Ni
16m, c6 ngudn géc tir vo phong hda & dinh va swon
day Ndi Nwa. Qua trinh dia chat trong ky Dé tir da
tao nén cac than quang cromit, than quang Co va
Ni trong cac tram tich aluvi, proluvi nam & céc
thung liing xung quanh day Nui Nwa. Trai qua 60
nam hoat dong khai thac cromit, tai khu vuc C6
Dinh, da hinh thanh nén céac bai thai quy mo rat
1é6m (khodng 17+18 triéu tan). Cac loai bun thai
dwoc chon 14p tai chd, hién phan bd rong khip
trong cac khai trwong & cac khu mé My Cai, C6
Dinh va Mau Lam, Tinh M&. Trong qua trinh khai
thac va tuyén cromit, Co va Ni khong dwoc quan

tAm. V&i cac dang ton tai nhw da xac dinh, Co va Ni
nam nguyén trong cac loai bun thai, tao nén cac
than quang, c6 ngudn géc thi sinh. Ham lwong Ni
trong bun va trong quang nguyén khai (1ay tir cac
mo va san phidm phong hoéa) bién dong trong
pham vi kha 1én tir 0,24+0,95%; ham lwong Co
bién dong trong khoang 0,014+0,58%. O’ khu Mau
Lam giau Co va Ni hon khu My Cai. Trong d6 cip
hat th6 +2 mm giau Co va Ni hon cip hat min. Pac
biét, cac két von laterit trong bun thai rat giau Co.
Cho dén hién nay, bai thai nay van chua c6
dinh hwéng cong nghé phu hop dé thu hoi cac kim
loai c6 gia tri, trong dé c6 Ni. C6 mot vai nghién
ctru mang tinh chat trao déi dinh hwdng 1a chinh.
Co va nnk. (2007), da nghién ctru vé dic tinh va
dang ton tai ctia niken chia trong miu quing
cromit, ttr d6 da 4p dung nhiéu phwong phap xtr ly
nhw: dung phwong phap tuyén ndi; nung sulfua
hoda quang réi dwa vao tuyén néi; nung thién tich
sau dem tuyén noi; nung tir hod quing sau dem
tuyén tir va dung phwong phap thuy luyén dé
chuyén niken vao dung dich khi hoa tach. Trong s&
cac phuong phap tuyén co gi¢i da néu trén, chi
nang ham lwgng niken 1én khoang 1,17+2,67% Ni,
v&i mitc thyc thu ndm trong gi¢i han 17,28 =+
35,31%. Chi c6 phwong phap thuy luyén la c6 trién
vong, & diéu kién thi nghiém: mau nghién dén
100% cap -0,074 mm, dung dung méi axit
H25042%, (NH4)2S04 15 g/L; nhiét do hoa tach
2500C va thoi gian hoa tach 2 gio, cho phép hoa
tan dwoc 90,5% Ni va 88,2% Co vao dung dich. bé
tai mai chi dirng lai & khau hoa tach, chwa trién
khai dwoc khau thu hoi Coban va Niken ra khoi
dung dich. Khanh va nnk. (2010) trong qua trinh
nghién ctru hoan thién céng nghé tuyén quang
cromit c6 nghién ctru tuyén thu hoi niken tir dudi
thai. Theo bao cdo nay, thanh phan khodng cta
duoi thai chu yéu 13 sét nontronit, antigorit (mot
bién thé cua serpentin), thach anh, geothit/
limonit. Thanh phan cip hat cta duéi thai gom:
cap +2 mm chiém 11+16% va cap -0,053 mm
chiém 40+45%. Qua trinh nghién ctu theo hai
hwéng: Nung sulfua hda - tuyén noi; va thiéu hoan
nguyén - tuyén tir. K&t qua quy trinh nung hoan
nguyeén - tuyén tir a tot nhit, thu dworc tinh quang
chtra ham lwong Ni > 1,2% véi mire do thu hoi dat
65%, thu hoach 34%. Tinh quidng thu dwoc sau
tuyén tir lai dem hoa tach trong dung dich amoni
roi két tha tao niken carbonat. Ttr do, tiép tuc hoa
tach trong dung dich axit sunfuric roi két tha va
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lam sach dé thu dwgc sdn phdm mudi NiS04.6H20
dat do sach 99% véi mirc thue thu chung dat
84+85%. Tuy nhién, nghién cttu nay méi chi tap
chung thu hoi niken, ma chwa tin thu tong hop ca
sat va coban.

Ngoai ra, con c6 mét vai dé tai nghién ctru vé
déi twgng quang nay, tuy nhién cht yéu tip trung
nghién ctru tuyén cromit dé nang cao hiéu suat thu
hoi va ham lwgng crom trong tinh quing, con doi
véi coban va niken ndm trong dudi tuyén thi chi
néu dinh huéng thai riéng dé thu hoi coban - niken
sau nay khi c6 cong nghé tuyén phu hop.

Nhuw vdy, nhan thiy rang, niken ton tai trong
bun thai clia qua trinh khai thdc mé cromit nhw
mot dang than quadng thit sinh, thudc dang quang
niken laterit. Loai quang nay chira ham lwong
niken thap (0,24+0,95% Ni) khong phu hop xt ly
bing phwong phap héa luyén hay thiy luyén. Cac
cong trinh nghién ctru tuyén bing phwong phap
truyén thong co ban khong dat hiéu qua. Quy trinh
nung hoan nguyén - tuyén tir buéc dau da dat
dwoc hiéu suit thu hoi niken 65%. Pay la quy
trinh than thién moi trieong, c6 chi phi thip va phu
hop v6i xu hwdng phat trién chung cia cac nwéce
trén thé gi¢i nhw Trung Qudc, Indonesia, ... Tuy
nhién, khi 4p dung quy trinh nay, can Iwu y tin thu
d6ng thoi ca cackim loai Fe - Ni - Co délam nguyén
liéu cho san xuat hgp kim niken - coban hodc hop
kim feroniken ham lwgng thap, nhw viy méi tang
dwoc hiéu qua kinh té va ting tinh kha thi khi trién
khai vao thuc tién.

6. Kétluin

Cac quy trinh luyén kim thiy luyén c6 wu
diém 1a thu hoi t6i da cac kim loai niken, coban, sit
va magié tr quang laterit; nhung nhwoc diém la
dai va phirc tap. Sw phét trién ctia quy trinh hoa
tach axit HNOs; axit HCI trong nhitrng nam gan day,
dac biét la viéc hoa tach axit nitric la kha hiéu qua
dé xtr ly quang niken laterit. Tuy nhién, qua trinh
nay méi nghién ctru & quy mo phong thi nghiém,
viéc g dung vao thuc té cin xem xét kj hon. Hoa
luyén la quy trinh don gian, tuy nhién lai tiéu thu
nhiéu nang lwong. Vi viy cac quy trinh hoa luyén
khé (rng dung vao thuc té. Nung hoan nguyén -
tuyén tlr 1a quy trinh m&i phat trién, c6 thé xi ly
dwoc cac loai quang niken laterit khac nhau;
khong yéu cau nhiét dé cao d€ niu chay va quy
trinh don gian. Vi vy, quy trinh nay c6 thé sé dworc
trng dung rong rai dé xtr Iy quang niken laterit

trong twong lai.

Nhirng dong gop caa tac gia

Téac gid Tran Trung Téi hinh thanh y twdng,
cAu trdc bai bao va hoan thién ban thao cudi cung;
tac gia Phung Tién Thuit hoan thién ndi dung 2,
ndi dung 3; tac gia Nguyén Tuin Khanh hoan thién
noi dung 4, néi dung 5.
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