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Niken va Coban dugc xem la cdc kim loai chién Ilugc, c6 vai tro quan trong trong cac nganh céng
nghiép then chét, ddc biét la trong linh vuc quéc phong, céng nghé cao va ndng lugng. O nuéc ta,
theo cdc tai liéu dia chat, cdc mé qudng cromit & Thanh Héa dugc xdc dinh la chia cdc kim logi
gid tri ndy, véi tong tri lugng niken uéc tinh khodng 3 triéu tan. Mdc du viéc khai thdc va tuyén
cromit da dién ra nhiéu ndm, nhung do ham Iugng thdp, lai ton tai duéi logi hinh qudng oxit
(quding niken laterit) kho tuyén khién cho Niva Co van dang ndm trong cdc bai thdi véi quy mé
rdt 16n. Trong bdo cdo nay sé trinh bay cdc két qud nghién cuu vé quy trinh nung hoan nguyén-
tuyén tlr, mot quy trinh méi dang dugc trién khai thir nghiém & quy mé bdn céng nghiép va céng
nghiép trén thé gidi. Cdc két qua nghién ctu xt ly dudi thdi tuyén cromit chia Ni, Co da cho thdy,
tir nguyén liéu ban dau chia 1,126%Ni va 0,203 %Co ¢o thé thu duoc tinh qudng chira trén 5%Ni
va 0,958 %Co, ty ¢ thu hoi dat trén 77%. Sén phdm tinh qudng c6 thé duoc dung d@é san xudt
ferro niken cho luyén thép. Két qud nay cho thdy trién vong vé mét phuong phdp c6 thé trién khai
nhdm tan thu Niva Co trong quy trinh ché bién qudng cromit, trdnh lang phi tai nguyén va bdo

vé moi truong.

Tir khéa: Niken laterit; Tan thu Niken; Hoan nguyén-tuyén ti; Coban

1. M& dau

Do dugc ung dung nhiéu trong thép
khéng gi, trong céac linh vuc quan trong
nhu qudc phong, nang lugng va céc loai vat
lieu hgp kim ddc biét, Ni va Co dugc xem la
cac kim loai chién lugc ¢ gi tri.

Niken dugc san xuat ti 2 loai quang:
quang sunfua va quang oxit, trong do
qudng sunfua dé tuyén dugc tap trung xi ly
trudc. Cac loai quang laterit chiém tdi 70%
trir lugng niken nhung ham lugng Ni thap la
thach thuc cho cac nha cdng nghé. Hién tai,

ngudn quang niken sunfua ngay cang can
kiét, trong khi nhu cau vé niken ngay mét
I6n, cac nguon quang niken laterit dan tré
thanh nguén nguyén liéu chinh dé san xuat
niken [5].

Tai Viét Nam, trong cac mo quang cromit
da duoc xac dinh la chira Ni, Co vdi tritlugng
lén t6i trén 3 triéu tan niken, khoang 260
nghin tan Co [1,2]. Tr&r lugng nay Ién hon ca
trt lugng niken tai mé niken Ban Phuc hién
dang dugc khai thac (trif lugng trén 1 triéu
tan niken). Trdi qua hang chuc ndam hoat
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dong khai thac cromit, tal cac khu viic mo,
cdc bai bun thdi chia Co va Ni da hinh
thanh vdi quy md hang chuc triéu tan, Day
dugc coi nhu mdt diém tu khoéng chua
niken, coban rat cd gia tri. Theo nghién
cliu clia nhém téc gid Nguyén Khac Giang,
Lé Tién Dang, T06 Xuan Ban truong PH
Md-Dia chat; tdc gid Pham Thanh Déng
thudc Vién Han lam Khoa hoc va Cong
nghé Viét nam, loai hinh quang la quang
niken laterit ham lugng thap, ham lugng
Ni trong quang thay ddi trong khoang tu
0,5 dén 1,6%, ham lugng Co dao dong tu
0,15 dén 0,55%. Trong d6 Ni ndm trong cac
khoang vat Hydro-Serpentin, Feri-Saponit,
Nontronit, va mét phan nhd thay thé cho
Fe trong Gotit hodc bi hap phu trong cac
khodng vat sét. Tuang tu Ni, Co thay thé
cho Fe hoac bi hap phu bdi cac khoang vat
sét va thay thé cho Fe trong cac két von
hoac cac mang keo hydroxit Fe-Mn (Gotit
va Asbolan) [1, 2].

Tiém nang khoang san Ni va Co trong
cac mo cromit 8Thanh Hdala rat I6n, nhung
loai hinh ton tai la quang laterit, ham lugng
niken thap chinh 1a van dé khé khan khi
ap dung cac cong nghé tuyén, luyén kim.
Béo cdo nay trinh bay cac két qua nghién
clu vé quy trinh nung hoan nguyén-tuyén
tU. Phuong phap nay hién dang dugc Ung
dung tai Trung Quéc va Indonesia dé xr ly
quang niken laterit ham lugng thap. Béo
cdo cling trinh bay mot so két qua thu
nghiém trén d6i tuong dudi thai cla qua
trinh tuyén cromit khu vuc Thanh Héa. Cac
két qua da md ra trién vong clia phuong
phap mdi hudng téi ap dung trién khai tan
thu Ni va Co.
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2, Co s& ly thuyét va iing dung cua
phuong phap nung hoan nguyén-tuyén tir

2.1, Co'sdly thuyét

Theo nghién cuu clia cac nha khoa hoc
trén thé gidi, cac quy trinh thay luyén dé xr
ly qudng niken laterit mac du c6 muc do thu
héi t6t nhung quy trinh cong nghé rat phic
tap va mat nhiéu thdi gian, hon nlfa van dé
moi trudng va an mon thiét bj la mot tré

ngai I6n. [5]. Cac quy trinh hda luyén don
gian nhung tiéu ton nhiéu nang lugng va
yéu cdu quang laterit c6 ham lugng niken
cao (>2%Ni) [5].

Trong nhiing ndm gan day, su thay doi
trong quy trinh hoa luyén bang viéc thay
thé khau ndu chdy bang khau tuyén tir da
duoc cac nha khoa hoc trén thé gidi nghién
ctu. Cac tac gia Jiang va nnk nam 2013;
Lihua Gao va nnk ndm 2018 cho rang, quy
trinh nung hoan nguyén - tuyén tir don
gian va tiéu thu it nang luong han, c6 thé
xU ly dugc cac loai quang niken laterit khac
nhau. Pay la mot quy trinh méi day hia
hen, ¢ tiém nang Uing dung cao vao thuc
tien [4].

Theo quy trinh nay, qua trinh hoan
nguyén sé thuc hién & nhiét do thap hon,
trong giai doan nay, niken va sat dugc khir
thanh kim loai & nhiét dé 1000-+1200°C.
Qudng sau nung hoan nguyén dugc nghién
min va st dung phuang phép tuyén tir uét
dé tach cac hat feroniken; ty 1é thu hoi niken
dat trén 90%.

Cén cl cac bdo cdo cd thé thdy, qud
trinh hoan nguyén & trang thai ran l1a mau
chét ctia phuong phéap nay. Trong qua trinh
hoan nguyén, oxit sat dugc hoan nguyén
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bdi cacbon dé chuyén thanh pha sat kim
loai (cé thé ca magnetit) cé tir tinh manh.
Oxit niken cing dugc hoan nguyén thanh
pha niken kim loai, hinh thanh pha hgp kim
Fe-Ni [3, 4]. Cac phan ung trong qua trinh
hoan nguyén dugc mo ta nhu sau:

2NiO +C=2Ni+CO (1)
NiO + CO = Ni + CO2 (2)
C +C02=2C0 (3)

Véi sat cling tuong tu nhu niken, phan
(ting hoan nguyén cé thé xay ra truc tiép bdi
cacbon hoac khi CO:

Fe203 + C=Fe304+ CO (4)
FesOa+C=Fe0 +CO (5)
FeEO+C=Fe+CO (6)
Fe203 + CO =Fes04 + CO: (7)
Fes04 + CO =FeO + CO: (8)
FeO + CO =Fe + CO (9)

Cac phan ung (1 va 4-6) thudng xdy ra &
muc do rat han ché do tinh linh dong clia C
va oxit kim loai & trang thai ran. Nguoc lai
cac phan ung (2 va 7-9) sé xay ra dé dang
hon. Do d6 qua trinh hoan nguyén bang
than thuc chat la qua trinh hoan nguyén
gian tiép bang khi CO sinh ra ti phan ung
héa khi ciia cacbon (phan ting 3). Va & nhiét
dd cao trén 1100°C su khuéch tén clia cac
pha kim loai sat va niken sé hinh thanh céc
hat feroniken c6 tur tinh manh, tao thuan lgi
cho qua trinh tuyén tir dé thu héi [3, 4, 6).

Ngoaira, diéu quan trong doi vdi qua trinh
nay lién quan tdi kich thudc hat feroniken
hinh thanh. Kich thudc hat feroniken 16n
han, tinh chon loc va hiéu qua tuyén tir

cliing sé cao hon. P8i vdi quang limonit chira
nhiéu sat, lugng sat hoan nguyén qué Ién
cing sé lam gidm ham lugng niken trong
tinh quing thu dugc. Dé thyc hién diéu nay,
can dua thém céc chat phu gia vao qué trinh
hoan nguyén (3, 4, 6, 7].

Trong nghién cu cua Jiang va cdng
su (2013) da bao céo rang viéc bé sung
10% Na2504 vao qua trinh hoan nguyén
quang niken laterit (1,49 %Ni va 34,69 %Fe)
¢ 1200°C trong 50 phut, mau sau hoan
nguyén dugc tuyén tif va thu dugc san
pham c6 ham lugng niken la 10,86% va ty
lé thu héi |a 88,56% [4].

Nam 2015, trong luan an tién si cla
minh, Elliott d@ thd nghiém vdi phu gia
luu huynh va nhén thdy, trong sdn pham
sau hoan nguyén xuat hién cac pha FeS
khong tu tinh. Diéu nay han ché Fe di vao
san pham tinh quéang tuyén tu, tir d6 lam
tang ham lugng Ni trong san pham thu
duac [3].

Nam 2018, Shofi va nnk da tién hanh
thi nghiém so sanh cac chat phu gia NaCl,
Na2C0s, Naz2SO4 va cho thdy chat phu gia
Na250a4 cho hiéu qua tét hon ca [6]. Trong
nghién ctiu tdng hgp clia Jingcheng Dong
va nnk, vé anh hudng cua céc chat phu gia
cling cho thdy, hau két cac nghién cdu déu
dénh gia cao Na250a. Viéc bd sung chat phu
gia sé lam tang hiéu suat hoan nguyén sat
va niken dong thdi tao ra hé xi c6 nhiét dé
néng chady thap, tang kha nang khuéch tan
cta Ni vao pha Fe dé hinh thanh cac hat
feroniken (Fe-Ni) c6 kich thudc 16n hon, tu
dé tang hiéu suat phan tach chon loc trong
khau tuyén tu [4, 6).
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S22,
\ya)
2.2, Tinh hinh nghién cdau ng dung

cta phuong phdp nung hoan nguyén -
Tuyén tir

Xem xét vé kha nang (ing dung, nhiing
nam gan day, taiTrung Quéc, quy trinh nung
hoan nguyén tuyén tu da dugc ap dung thu
nghiém & cac quy moé ban cong nghiép va
cdng nghiép dé san xuat feroniken. Nam
2021, nhém nghién cttu thudc truong Dai
hoc Dong Bac, Trung Quoc da két hop véi

| Mixing
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Nonmagnetic
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products  separation
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moét doanh nghiép dé thuc hién quy mé
ban cong nghiép, vai viéc st dung 16 quay
dé thuc hién qua trinh hoan nguyén & nhiét
do6 trong khoang 1100-1150°C. Quéang sau
hoan nguyén dugc nghién va tuyén tir uét.
Két qua, tur quang niken laterit c6 ham
luong niken la 1,92%Ni, thu dugc hop kim
feroniken v&i ham lugng niken la 7,32% va
ham luong sét la 84,15%. Ty lé thu hoi niken
va sat 1an luat la 96,72% va 89,08%. [7].

Reduction products

| —

' _. Coal +Air

— ==4 \_Combustion
Rotary Kiln \

Grinding Water quench

Hinh 1. So d6 quy trinh céng nghé nung hoan nguyén-tuyén tir
ctia nhém nghién citu tai dai hoc Déng Bdc, Trung Quéc [7]

Mot ing dung khac cua Xiaoshuang Guo
va nnk trén quy moé céng nghiép tai mot
doanh nghiép & tinh Giang To, Trung Quac.
Véi qua trinh hoan nguyén st dung thém
bun d6 phdi tron cing quang laterit va
thuc hién trén thiét bi 16 quay c6ng nghiép
(Hinh 2). Két qua thirnghiém da thanh céng
khi thu dugc san pham la bét feroniken vdi
ham lugng niken la 1,95 %Ni, ham lugng
sat 12 83,25 %Fe, ty |& thu héi niken va tong
s4t 1an luot 13 94,71% va 95,98%. [8]

Tai Viét Nam, niken va coban trong quang
cromit & Thanh Héa cling da dugc quan tam
nghién ctu tir nhiéu nam trudc, tuy nhién
s0 luong cong trinh khoa hoc va két qua
nghién cttu dugc cong bo rat it. Nam 2008,
dé tai cap Bo“Nghién ctu khd nang thu hoi
niken trong quang mé cromit C6 Binh -

Thanh Héa" ctia Vi Tan Co - Vién Khoa hoc

va Cong nghé Mé - Luyén kim, da ap dung
nhiéu phuong phap xt ly nhu: tuyén ndi;
nung sunfua hod - tuyén néi; nung thién
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Hinh 2. Lo quay cong nghiép hién dai trong thir nghiém cua Xiaoshuang Guo va nnk
d'tinh Giang T6, Trung Quéc [8]

tich - tuyén ndi; nung tir hod - tuyén ti. Két
qua nghién ctiu trong s6 cac phuang phéap
tuyén da néu, chi nang ham lugng niken Ién
duoc 1,17 - 2,67%, véi mic thuc thu chi nam
trong gidi han 17,28- 35,31% [9].

Nam 2010, Vién KH&CN M6 - Luyén kim
cha tri DBé tai cadp nha nudc nghién cuiu
“Hoan thién quy trinh cédng nghé tuyén va
s’ dung hgp ly quang cromit va cac khoang
san di kém trong mé cromit C6 Dinh, Thanh
Hoéa". Trong nghién cdu nay cac tac gia da
dé xuat quy trinh nung hoan nguyén -
tuyén tu dé thu héi niken. Vi quy trinh va
ché dé dé xuat, nhdm nghién ciu da thu
dugc tinh quang chia ham lugng Ni > 1,2%
vGi ty 18 thu héi dat 65% [10].

Nhin chung, cac nghién ctu & Viét Nam
vé tan thu Ni, Co trong dudi thai tuyén cromit
da dugc quan tam dau tu nghién ciu nhung
chua thuc su dem lai hiéu qua, va chua cé

moét phuong én nao dugc trién khai thuc té,
Can phai ¢é nhing dau tu nghién cliu siu
hon vé céc phuong phép va thiét bi nhadm
nang cao hiéu qua xu ly nguyén liéu.

Dua trén céc cong bo vé két qua nghién
cliu tir quy moé phong thi nghiém dén quy
mo cong nghiép cho thay tinh kha thi cla
phuong phap nung hoan nguyén tuyén tur
dé xtrly quang niken laterit ham lugng thap,
loai quang van dang la thach thuc hién nay.
K&t qua nay cling la ca s& dé chung ta tién
hanh cac nghién cttu thi nghiém & cac quy
mo khac nhau dé xtt ly dudi thai chia niken,
coban ctia cac mo tuyén cromit khu vuc

Thanh Héa.
3. Mau va quy trinh thi nghiém
3.1. Mau nghién ciru

Mau nghién ctu la dudi thai cha qua
trinh tuyén cromit khu vuc Thanh Héa. Theo
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Bdng 2. Thanh phdn khodng vt cia madu bin thdl

1 Amphibon

Monmorillonit
(Na,Ca), J(Al,Mg)zsyow(OH)z

Chlorit: (Mg,Ni)35i,0,(0H),
Gotit: Fe,0,.H,0
Talc: Mg,[Si,0,J(OH),

llit: KAL[AISi.O. ](OH),

3710

3
4
-
6 Antigorit: 3Mg0.25i0,.2H,0
7
8

Thach anh:SiO,

10 Felspat : K ,Na, .AlSi.O,

2-4

21-23

8-10
33-35
10-12
22-24

/-9
10-12

2-4

K&t qua phan tich thanh phan mau cho
thdy, cac kim loai ton tai & dang khoang
vat oxit. Loai hinh quédng la qudng niken
laterit, Ni ton tai thay thé Fe, Mg trong cac
khoang Chlorit. Cac khodng vat sét, Gott
cang la nai hap phu Ni [1, 2]. Ngoai ra,
theo cac nghién ciu cla tic gid Lé Tién
Dang va nhém nghién cdu thudc Trung

tam Trién khai Cong nghé Khodng chat,
Trudng Pai hoc Md-Dia chat, da phat hién
sy c6 mdt cua cac hat keo sat-mangan
trong bun thai, day ciing la méi trudng
hdp phu Ni trong qua trinh thanh tao [2].
Diéu nay cling phu hgp vdi cic két qua
phan tich khi ma ham lugng Fe va Mn
trong mau tuong doi cao.

l

'4”.

Hinh 3. Cdc hat keo Fe-Mn phén bé trong ban thadi
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6 goNi va 0,203 %Co) thi ham lugng
120 43 tang |én trong quang tinh. Ham
C 3 thyc thu cta Ni, Co tang khi nhiét
g ti 900°C Ién 1100°C, va g4n nhy

thay doi khi ti€p tuc tang nhiét ¢a
quyén 1én 1200°C. |

(I
NI
19
g
khbng
ot "

ép tuC khao sat thdi gian hoan

&, nhéom nghién cltu cin ¢y vao
Ll Khao :c,ét rjhiét‘ dod, chon 1100°C |3
;iéu én nhigt‘dc) hoar: nNguyén dé€ khao
tho gian hoan nguyeén. Thai gian hoan
s e dugc khao sat tir 30 phat dén 120
ngat. pay la thai gian gill nhiét ké ti khi
:hiét 46 nung ?’at mUc yéu cdu. Cic két
b khao sat thé hién trén Hinh 5b,

cac két qua thir nghiém cho thy, quy
jnh nung hoan nguyén tuyén tir cho phép
hu hoi dugc tinh quang chia Ni va Co véi
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hamlugng dugc cdithién dang ké.Trong diéu
kién hoan nguyén & nhiét dé 1100°C trong
thdi gian 90 phat, ham lugng Ni va Co tang
tu1,126%Ni 1én 2,68%Ni va tir 0,203%Co lén
0,68%Co. Sy thay d6i v& ham lugng ctia Ni
va Co trong tinh quing thu dugc khé tuang
dong nhau. Tuy nhién ty 1& thu Ni va Co chua
thifc sy cao, méi chi dat 54,15% va 62,54%.
Nguyén nhan cta viéc nay cing da dugc
giai thich trong nhiéu nghién cu trudc day,
do qua trinh hoan nguyén & trang théi ran,
trong mau quing c6 ham lugng silic cao dan
tdi khong tao duogc xi c6 nhiét d6 nong chay
thap. Diéu nay sé can trd sy khuéch tén cda
pha Ni kim loai vao pha Fe kim loai dé hinh
thanh céc hat hop kim Fe-Ni c6 tirtinh manh.
Su xam tan min ctia Ni trong nguyén liéu sé
khién Ni bi mic ket trong cac pha khéng tu
tinh [4, 6].
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Hinh 5. Két qua khdo sdt: (a)-dnh huéng cda nhiét do, ’ -
(b)-dnh hudng cia thoi gian nung t&i ham luong va thuc thu Ni, Co trong tinh qudng

4.2. Hoan nguyén véi chdt phu gia

Theo cac phan tich trong muc 2, cac chat
Phy gia o3 dugc nghién ctu dua vao qua
inh hoan nguyén dé tao ra hé xi co nhiet

HOI NGHI KHOA

dé nong chdy thap hon, khi d6 tang su
khuéch tan ctia Ni va pha Fe dé hinh thanh
cac hat feroniken cé kich thudc 16n hon.
Nho vay tinh chon loc trong khau tuyén tu
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}

ting lén, ham lugng va thuc thu kim loai  dugc thi nghiém O cac muc 3, 5, 8, 10 %,
trong tinh quang cting dugc cai thién. Ty |é than st dung 1a 10 %; Thoi gian hoan

Trong nghién ctiu nay, st dung Na SO, nguyén la 90 phut. Nhiét 46 hoan nguyén
day 1a chdt phu gia dugc cic nha khoa hoc  thyc hién & nhiét d6 1000°C va 1100°C dé
dénh gid 1a cho hiéu qua hon ca. Ty 1& khGi 5O sdnh. Két qua thi nghiém thé hién trén

luong tham gia cla chét phu gia Na,SO, ~do thiHinh.
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Hinh 6. Do thi dnh hudng cua ty Ié Na SO,
dén ham lu'ong va thu'c thu Ni va Co trong tinh qudng

Két qud nghién ctu trong Hinh 6 cho  c6 két cucxdp han (hinh 7a), mau dugc phoi
thdy san pham tinh quang thu dugc c6 tron thém chat phu gia khi hoan nguyén bi
thuc thu va ham lugng cao han so vdi  chdy|6ng nhiéu han, mau cé két cuc dac xit
truong hop khong c6 chat phu gia. Viéc  hon (Hinh 7b). Hinh &nh phan tich SEM-EDS
téng cudng chat phy gia lam tang d6 chdy  (Hinh 8) ciing cho théy kich thuéc cia hat
l6ng clia xi, tao diéu kién thuan Igi cho sy
khuéch tan ctia Ni va Co vao pha sat kim
loai dé hinh thanh cac hat feroniken c6
kich thudc 16n hon. Béng chiing la céc méu Nhu vay ré rang viéc b sung chat phu
khéng dugc hoan nguyén véi cht phugia  gia la can thiét dé cai thién hiéu qua quy

Fe-Ni (pha mau sang) tang lén déang ké so
v@i khi chi hoan nguyén véi than.
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Hinh 7. Hinh anh mau sau hoan nguyén & nhiét dé 1100°C
a) Khéng chira phu gia; b) Sirdung phu gia Na SO,

Hinh 8. Hinh danh phan tich SEM-EDS mau sau hoan nguyén
a) Khéng cé chat phu gia; b) B6 sung 10% Na SO,

trinh nung hoan nguyén-tuyén tu. So vdi
qua trinh hoan nguyén chi sif dung than,
viéc b6 sung 10%Na,SO,, san phdm trinh
quang ¢6 ham lugng Ni da tang tu 2,68
lén 5,25%, ham lugng Co tang tu 0,68%
lén 0,958%, va thuc thu Ni va Co déu trén
77%. Tuy nhién can luu y rang su két cuc
dac xit sé gay kho khan hon cho qua trinh
dap nghién mau sau hoan nguyén. Ngoai
ra, néu luong sunfua sat hinh thanh qua
nhiéu va bao boc quanh cic hat quing lai
co tac dung ngugc, nd can tré qua trinh
hoan nguyén sat va niken. Niken tén tai
trong cdac sunfua sat ciing sé khong di vao

san pham tinh quang khi tuyén tir. Do d6
d6 cac nghién ctu ti€p theo can xem xét ky
hon vé anh hudng ctia ty Ié phu gia nay.

5. Két luan

Tiém nang Ni va Co trong cac mé cromit
&Thanh Héa la rat |6n, tuy nhién ham lugng
Ni va Co thap, lai ton tai & loai hinh quang
laterit kho tuyén la van dé can dugc dau tu
nghién ctu nhiéu hon dé tan thu cac kim
loai nay.

Phuong phap nung hoan nguyén-tuyén

tir 1a mét phuong phap mdi, dugc nhiéu
nha khoa hoc trén thé gidi nghién ctru va
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khang dinh c6 thé xut ly dugc cac loai quang [2] Lé Tién Diing, Tran Van Puc, Nguyén
niken laterit ham lugng thap dé thu héi Ni  Hiru Trong, Nguyen Khdc Gidng, T6 Xuan
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REDUCTION ROASTING-MAGNETIC SEPARATION METHOD:

PROSPECTS FOR RECOVERING NI, CO IN TAILINGS
OF CHRONITE PROCESSING IN THANH HOA AREA

Thuat-Phung Tien'’, Trung Toi-Tran', Luan-Pham Van', Kim Dung-Nhu', Thanh Hai-Pham’

Abstract:

'Hanoi University of Mining and Geology
Email: phungtienthuat@humg.edu.vn

Nickel and Cobalt are considered strategic metals, playing an important role in key industries,
especially in the fields of defense, high technology and energy. In our country, according to
geological reports, chromite ore mines in Thanh Hoa are identified as containing these valuable
metals, with total nickel reserves estimated at about 3 million tons. Although chromite mining
and processing have been carried out for many years, Ni and Co - existing in the form of low-
grade nickel laterite ore that is difficult to process - are still in waste dumps on a significant
scale. This report presents the research results on the reduction-magnetic separation process,
a new process that is being tested on a semi-industrial and industrial scale in the world. The
results of the research on the treatment of tailings of chromite containing Ni and Co have
shown that from the initial material containing 1.126% Ni and 0.203% Co, it is possible to
obtain concentrate containing over 5% Ni and 0.958% Co, with a recovery rate of over 77%.
The concentrate can be used to produce ferronickel alloy for steelmaking. This result shows
the prospect of a method that can be implemented to recover Ni and Co in the chromite ore
processing process, avoiding resource waste and protecting the environment.

Keywords: Nickel laterite; Nickel recovery; Reduction-magnetic; Cobalt
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