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Article history: In Thanh Hoa province, large chromite ore deposits were discovered.

Received 1d2th]an' 2024 These types of ores also contain significant quantity of nickel metal, with
Revised 2" May 2024 total nickel reserves estimated to be over three million tones. According
Accepted 21" May 2024 to the practices of mining and beneficiation of these chromite ores, nickel
is discarded in the waste dumps as a non-valuable metal and has not been

Keywords: L .
Nickel beneficiation recovered ever. Through many years of mining and processing of
Nickel laterite ’ chromite ores, large dumps are formed to such huge volumes that can be

considered as a significantly secondary resource of valuable nickel metal.
Nickel exists in the form of laterite ores so that it is difficult to be
_ recovered. Currently, there is no commercial technology available for
separation. recovery of nickel or other valuable metals from this type of raw material
sources. This article presents some research results on applying the
reduction calcination - magnetic separation process for recovery of
nickel. In particular, some important reduction operating variables such
as temperature, calcination time, fuel coal ratio, and Na:S0, additive
were investigated. From the tailing samples of the Mau Lam - Thanh Hoa
chromite beneficiation process, important optimal reducing conditions
have been determined including 1,100°C of reduction temperature, 8% of
anthracite coal, 8% of Na»SO. additive, and the reduction time of 90
minutes. The reduced product was finely grounded and separated at a
magnetic field of 0.3T using the wet magnetic separator. At optimal
operating variables, the nickel content of the final nickel concentrate was
4.02% Ni and the overall nickel recovery was 91.2%. The positive results
necessarily lead to a need to continue researching the possibility of
practical application to recover nickel and thus contribute to the rational
utilization of mineral resources of the country.
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Thu ho6i niken trong dudi thai tuyén Cromit khu vwrc Mau Lam,
Thanh Héa bang qua trinh nung hoan nguyén-tuyén tir
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Niken laterit,

Nung hoan nguyén-tuyén tir,
Tuyén niken.

Tai Thanh Héa, cdc mé qudng cromit dwoc phdt hién la c6 chira kim
loai niken véi triv lwong lom, wéce tinh to?zg trie lwong trén 3 triéu tdn.
Theo quy trinh c6ng nghe khai thdc va tuyen cromit, thi niken hién d‘ang
nam trong cdc bdi thdi va chwa dworc thu hoi. Trdi qua nhiéu ndm, cac
bdi thdi ctia mé qudng cromit dd cé quy mé rdt lom va dworc coi la ngudn
qudng thi sinh chira Ni. Tuy nhién logi hinh ton tai dwéi dang qudng
laterit khé tuyén la nguyén nhdn chwa cé cong nghé nao dwoc dp dung
dé xwr Iy thu hoi niken hay mot sé kim loai khdc c6 gid tri tir ngudn
nguyén liéu nay. Trong bai bdo nay sé trinh bay két qud nghién ctru thir
nghiém quy trinh nung hoan nguyén - tuyén tir dé tuyén thu hoi tinh
quang niken, trong dé cdc ché do hoan nguyén nhuw thoi gian, nhiét do,
ty I than va chdt tro dung Na:S0, dwoc khdo sdt. Cdc thi nghiém ban
dau dwoc thwe hién véi mdu dudi thdi clia qua trinh tuyén cromit khu
vwre M@u Lam, Thanh Héa cho thdy, trong diéu kién hoan nguyén & nhiét
dd 1.100°C véi 8% than antraxit, 8% NazS04 lam chdt phu gia, thoi gian
hoc‘m nguyén la 90 phlit. Sdn phd’m sau hodn nguyén dem nghién min
roi tuye’n tir trén mdy tuyén tir wot & cwong do tur truong 0,3T, thu duwoc
tinh qudng chiva 4,02% Ni véi ti 16 thu hoi niken 91,2%. Bay la két qua
khd quan dé tiép tuc nghién ctru khd nang ttng dung thuc té nhdm tdn
thu niken, str dung hop ly ngudn tai nguyén khodng sdn.

© 2024 Trwong Pai hoc Mo - bia chat. T4t ca cic quyén dwoc bao dam.

1. Mé dau

quang nay lan lwgt chiém khoang 30% va 70%
tong trir lwong niken. Tuy nhién 60% niken trén

Kim loai niken t6n tai trong tw nhién & hai
loai hinh quang la quang sunfua va quang oxit
(hay con goi la quang laterit). Trit lwgng hai loai
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thé gi¢i dwoc san xuit tir quang sunfua. Loai hinh
quang laterit thwong chira niken véi ham lugng
thip, kho ap dung cac phwong phap tuyén hay
luyén kim nén méi chi dwoc khai thac mot phén it
6i. Quang sunfua dé xr Iy hon bang phwong phap
tuyén ndi nén dwgc khai thac trueée va ngay cang
can kiét. Do vay, viéc nghién ctru nhitng phwong
an xi ly quang niken laterit dwoc quan tam bai
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nhiéu nha khoa hoc trén thé gi¢i (Vahed va nnk,
2021).

O nwérc ta, ngoai cac mo quing chinh, niken
con dwoc phat hién tai hai diém quang géc Cromit
tai tinh Thanh Hoéa, tong trit lwgng khoang
3.067.020 tin niken (Hoang va nnk., 2010; Tran
va nnk,, 2000, Nguyén va nnk., 2020). Tuy nhién,
niken ton tai dwéi dang quing laterit khé tuyén
nén trong qua trinh tuyén cromit, niken chwa
dwoc quan tAm nghién ctru thu héi. Trai qua nhiéu
nam, cic bai bun thai cé chira Ni v&i quy mo rat
16n da dwoc hinh thanh tai khac khu vwee mé. Viéc
tim ra phwong an x ly tin thu niken tir nguén
nguyén liéu nay c6 y nghia khong chi vé khoa hoc
ma con c6 y nghia thuc tién.

Trén thé gi¢i hién nay, quy trinh nung hoan
nguyén - tuyén tir dwoc danh gia 1a c6 hiéu qua dé
tuyén niken tir quing niken laterit. Trong d6, qua
trinh hoan nguyén git vai tro 1a khau tién xtr ly va
quyét dinh dén chit lwong san pham tinh quing
thu dwoc sau tuyén tir (Gao va nnk., 2019; Li va
nnk., 2011; Elliott, 2015). Do d6, cic nghién ctru vé
ché d6 hoan nguyén anh hwdng téi hiéu qua tuyén
tir thu hoi niken tir bai thai ctia qua trinh tuyén
cromit khu vuec Mau Lam, Thanh Héa sé dwoc
trinh bay trong bai bao nay.

2. MAu va phwong phap nghién ciru

2.1. Mau nghién ciru

Cac nghién ctru dwoc thuc hién véi mau dudi
thai cia mé quang cromit khu vwc Mau Lam,
Thanh Héa, ham lwong niken trong mau la
1,179% Ni (Bang 1).

Bdng 1. Thanh phdn héa hoc mdu nghién ciru.

TT Thanh phan Ham lwong (%)
1 Fe;03 29,17
2 Ni 1,179
3 Al;03 519
4 Ca0 1,26
5 Co 0,259
6 Cr 2,06
7 MgO 11,02
8 MnO 6,81
9 Khac 43,05

Bdng 2. Thanh phdn than str dung.

TT Thanh phan Ham lvong (%)
1 D6 tro (AY) 12
2 Chatbéc 6,1
3 Lwu huynh <0,5
4 D6 4m 8

Chit hoan nguyén str dung la than antraxit cd
thanh phan chinh dwoc thé hién trong Bang 2.
Than dwoc nghién xudng kich thwéc dudi 0,2 mm
va duogc lay theo khéi lwong da tinh todn cho thi
nghiém khao sat.

2.2. Phwwong phdp nghién ctru

MA4u nghién ctru dwoc nghién khoé xudng kich
thuérc hat trén 80% cAp hat -0,074 mm bang thiét
bi nghién bi thép, sau d6 tron déu gian lwgce chia
1am nhiéu mAu nhé c6 khéi lwgng 50 gam cho mot
lan thi nghiém. MAu dwoc tron déu véi than, chat
tro dung theo ty 1é khao sat, sau d6 dat trong c6c
graphit c6 nip day. Pua cdc chira miu vao trong
bubng 16 va tién hanh nung hoan nguyén theo thoi
gian khao sat. So do thi nghiém trén Hinh 1.

Mau nghién ctru

v

Nghién
(>80% -0,074 mm)

— i ’7Na2804

Tron déu
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Hoan nguyén
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Nghién xiét
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v

Tuyén tir w6t —»Pudi thai

Y

Tinh quang niken

Hinh 1. So d6 thi nghiém.
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MAu sau hoan nguyén dwoc lam ngudi tw
nhién trong diéu kién kin (tranh tiép xtc véi oxy)
roi dem nghién xiét xudng kich thwéc hat -0,074
mm trwdc khi phan tich tr wét & cwong do twr
trwong 0,3T. Sdn phidm c6 tir (tinh quing) dwoc
sdy kho roi can khoi lwong va dwa phén tich ham
lwong Ni dé danh gia hiéu qua ctia qua trinh. Cac
thong s6 céng nghé khao sat bao gobm: Nhiét do
nung, thoi gian nung, chi phi than cho hoan
nguyén, chi phi chat phu gia Na;S04. Cac thiét bi
nghién bi, nghién xiét, 10 nung, may tuyén tir wot
va cac thiét bi khac dat tai phong thi nghiém Tuyén
khodng, tredng Dai hoc M6 - Pia chit.

3. Két qua va thao luan

3.1. Két qud khdo sdt nhiét do hoan nguyén

Nhiét d6 anh hwéng dén kha nang phanly cia
oxit kim loai, cling 4nh hwédng tdi can bang cla
phan &ng khi héa than tao ra CO dé hoan nguyén
oxit kim loai. Nhiét d cao dan dén ty 1é CO cao, do
d6 kha nang hoan nguyén oxit kim loai cao. Tuy
nhién nhiét dd cang cao thi chi phi nang lwong
cang 1on. Trong cac thi nghiém nay, nhiét dé khao
sat & cac mirc 900°C, 950°C, 1.000°C, 1.050°C,
1.100°C va 1.200°C. Ty 1é than s dung la 10%,
thoi gian nung hoan nguyén 1a 60 phut. Két qua
xac dinh ham lwong va thyc thu niken trong san
phdm tinh quang & cac thi nghiém diéu kién thé
hién trén do thi Hinh 2.

Tir @6 thi cho thdy nhiét do ting lam ting ty
1é thu ho6i niken trong tinh quing. Mic do tang
manh trong khodng tir 900°C dén 1.100°C va tang
cham khi tiép tuc ting nhiét do 1én 1.200°C. Khong
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Hinh 2. Anh hwéng nhiét dé nung téi ham lwong va

ti 1¢ thu hdi niken trong tinh qudng.

giong véi ty 16 thu hoi, ham lwgng niken trong tinh
quang tang tir 1,3%Ni 1én 1,51%Ni khi nhiét do
hoan nguyén tang ttr 900°C dén 1.050°C, nhuwng
gan nhw khong dai khi khi nhiét dd hoan nguyén
tiép tuc tang. D€ dam bao ca vé thuc thu va chit
lwong tinh quang, nhiét do 1.100°C dwgc xem la
t6i wu. Trong diéu kién nay, ham lwong niken
trong san phim thu la 1,52%, véi ty 1& thu hoi
niken dat 54,2%.

3.2. Khado sdt thoi gian hoan nguyén

Trong cac thi nghiém khao sat thoi gian hoan
nguyén, nhiét d hoan nguyén lwa chon la 1100°C
(nhiét d6 dwoc chon theo két qua khao sat & muc
3.1); Chi phi than st dung la 10%. Thoi gian hoan
nguyén khao sat & cac mic 30, 60, 90 va 120 phut.
Thoi gian hoan nguyén 1a yéu t6 dam bao cho qua
trinh hoan nguyén dwoc thuc hién tdi da. Tuy theo
téc d6 qua trinh hoan nguyén ma thoi gian cin
thiét 1a dai hay ngin. Thoi gian cang dai thi lwong
kim loai dwgrc hoan nguyén cang 1ém, tuy nhién khi
murc d6 hoan nguyén dat tdi da thi qua trinh sé
dirng lai.

Két qua danh gid ham lwong va thuc thu
niken trong tinh quang (Hinh 3) phu hop véi quy
luat anh hwdng cta thoi gian. Khi tang thoi gian
hoan nguyén tir 30 phut 1én 90 phut, ham lwgng
va thuc thu niken trong tinh quang thu dwgc déu
tang. Tiép tuc tang thoi gian hoan nguyén, ham
lwong va thuce thu niken gan nhw khong doi. Do dé
thoi gian 90 phut dwoc xem la tdi wu cho qué trinh
hoan nguyén. Véi thoi gian 90 phit hoan nguyén,
tinh quang sau tuyén tir thu dwgc chira 1,54%Ni,
ty 1& thu hoi niken dat 56,5%.
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Hinh 3. Két qud khdo sdt thoi gian nung dnh
hwéng téi ham lwong va ti 1€ thu hoi niken.
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3.3. Anh hwémg ciia chi phi chdt hoan nguyén

Chat hoan nguyén st dung trong nghién ctru
la than antraxit tai Quang Ninh, c6 thanh phan nhw
trong Bang 2. Than cung cip cacbon dé khr oxit
niken vé dang kim loai c6 tir tinh manh, cac
khodng chira sat gotit va hematit c6 tir tinh thap
sang pha sit kim loai (c6 thé cd manhetit) c6 tir
tinh. Do d6 lwong than cin phai da dé khir t6i da
oxit niken nhung ciing khong thé qué 1ém dan téi
lwong 16m oxit sat va oxit mangan cling dugc khir
va di vao san pham tinh qudng tuyén tir.

Cac thi nghiém khao sat vai ty 1é than 1a 3%;
5%; 8%; 10% va 15%, trong diéu kién nhiét do
hoan nguyén 14 1.100°C, thoi gian hoan nguyén la
90 phut. Két qua khao sat (Hinh 4) cho thiy, khi
tang ty 1é than tang tir 3% dén 8%, ham lwong
niken trong tinh quang tang nhe nhung thuc thu
tang manh ttr 48,5% l1én 56,4% va dudng nhw véi
ty 1é than la 8% da du cho qua trinh hoan nguyén
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Hinh 4. Anh hwéng cua chi phi than téi ham
lwong va thuc thu niken trong tinh qudng.

100 87.5 89.5 212
8 ¢ |
< 80
5 5 69.3 70.2 71.7
2 60 & 66.6 °% '
= 47.5
= 40
©
= 20 (a)
0

0 2 4 6 8 10
Ty 16 Na,S0, (%)

w1100 oC 1000 oC

trong diéu kién khao sat. Tiép tuc ting ty 1é than,
ham lwong va thuce thu gin nhw khong déi. Do dé,
ty 1é than 8% dworc chon cho cac thi nghiém diéu
kién tiép theo.

3.4. Hoan nguyén trong diéu kién cé chdt phu
gia

Chat phu gia cho vao véi muc dich cwong hda
qua trinh hoan nguyén, ha nhiét d6 néng chay cia
hé xi, ting tinh lwu déng cta cac chit khi hoan
nguyén, tao diéu kién cho niken kim loai dwoc tip
trung vao pha sit kim loai, hinh thanh pha
feroniken c6 tir tinh, do d6 ting hiéu qua tuyén tir
thu héi niken (Dong va nnk., 2018).

Chit phu gia c6 rit nhiéu loai khac nhau,
nhung dién hinh la hai nhém: nhém cha clorua
va nhém chira lvu huynh (Dong va nnk.,, 2018).
Trong nghién ctru nay st dung muoi NaS04, day
la hop chit dang dwoc cac nha khoa hoc danh gia
cao do vira c6 tac dung ha nhiét nong chay cua xi,
vlra cung cip lwu huynh nhdm can tré sw hoan
nguyén cua sat (Jiang va nnk., 2013; Xueming Lv
va nnk, 2018). Qua trinh nghién ctru danh hudéng
cia chat phu gia dwoc tién hanh & 1.000°C va
1.1000C. Vi thoi gian nung 1a 90 phut, ty 1€ than
1a 8%. Chi phi Na2S04 khao sat & cacmirc 0, 3,5, 8
va 10%. Cac két qua thé hién trén do thi Hinh 5a
va Hinh 5b.

Trong khi niken dugc hoan nguyén dang ké
thi viéc b6 sung Na,SO4 lai ngdn chdn qua trinh
khtr oxit sat do tao ra nhiéu FeS. FeS khong c6 tir
nén khi tuyén tir s& di vao san pham khong tir, dan
dén ham lwong niken trong san pham cé tir (tinh
quang) tang (Jiang va nnk., 2013; Xueming va nnk.,
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Hinh 5. Anh hwéng ctia NazSO4 téi: (a) - Thuc thu niken va (b) - Ham lwong niken trong tinh qudng.



Phting Tién Thudt va nnk./Tap chi Khoa hoc Ky thudt M6 - Dia chdt 65 (3), 44 - 50 47

2018). Két qua thi nghiém trén Hinh 5 cling phu
hop véi ly gidi nay. Cad ham lwong va thuc thu
niken trong tinh quing déu ting khi ting ty 1é
Na2504.

Ngoai ra, tinh linh déng ctia cac chat khi hoan
nguyén con phu thudc vao nhiét dé chay long va
d0 nhét chia xi. Nhiét do cao, do chay ctia xi cao (do
nhét cta xi thap) dan téi ting kha ning khuéch
tan va tich tu cta niken kim loai (Elliott, 2015).
Diéu nay giai thich 1y do cAc mau hoan nguyén &
nhiét d6 1.1000C c6 ham lwgng va thuc thu niken
cao hon cdc miu hoan nguyén & nhiét 6 1.000°C.
Tuy nhién & nhiét d6 cao, xi chdy ldng nhiéu, san
pham sau hoan nguyén c6 ciu tric dic xit sé dan
téi sw kho khidn cho khdu dip nghién phia sau.
biéu nay can phai dwoc xem xét véi kha nang va
tinh hiéu qua cda cac thiét bi nghién.

Xem xét k§ hon vé tic dung ctia Na;S04 trong
viéc ngin chin sy khir oxit sit, miu sau hoan
nguyén & 1.100°C, dwoc dem phan tich SEM-EDS
tai Trung tdm phan tich thi nghiém cong nghé cao,
Trwong Pai hoc M6 - Pia chit. Hinh 6 la két qua
phan tich cho thdy trong miu sau hoan nguyén
xudt hién pha c6 thanh phan chi yéu la Fe va S,
thanh phin quy déi vé oxit thé hién trong Bang 3.
biéu nay chirng t6 lwu huynh trong Na,SO, da
tham gia vao viéc hinh thanh sunfua sat. Sy hinh
thanh sunfua sat 1a ¢6 tac dung tich cuc trong viéc

han ché sit di vao san pham tinh quiing nhw cac
t3i liéu d3 noi,
4.Kétluan

Két qua thtr nghiém quy trinh nung hoan
nguyén - tuyén tir trén doi twgng la dudi thai tuyén
cromit kKhu viec Mu Lam, Thanh Héa cho thiy:
néu chi st dung than lam chat hoan nguyén va
khéng st dung thém chit phu gia thi mc do lam
giau niken trong tinh quang chwa cao, thyc thu
niken trong tinh quing ciing & mic thap. Trong
diéu kién hoan nguyén & 1.1000C, ty 1é than 1a 8%,
thdi gian hoan nguyén 90 phut, tinh quang thu
duwogc ¢6 ham lwgng niken 1a 1,55% véi ty 1€ thu
hoi niken chi dat 56,4%.

Viéc st dung chat phu gia Na2S04 da cai thién
r0 rét qua trinh hoan nguyén. Khi c6 mat phu gia
Na,S0s4, da phat hién pha FeS khéng c6 tir tinh
hinh thanh trong san phim sau hoan nguyén va
diéu nay han ché Fe di vao san phdm tinh quang,
tir d6 chit lwong cla tinh quang dworc cai thién.

Két qua thi nghiém véi cung diéu kién hoan
nguyén & 1.100°C, ty 1& than 1a 8%, thoi gian 90
phut, viéc b sung 8+10% chit phu gia Na2S04, thu
dwoc tinh quéng tuyén tir c6 ham lwgng niken dat
khoang 4% va thuc thu dat khodng 90%. Két qua
nay la kha quan dé€ phwong phap nay tiép tuc dwoc
nghién ctru danh gia kha nang ng dung dé xtr ly
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Hinh 6. Két qud phén tich SEM-EDS mdu sau hoan nguyén & 1.1000C.

Bdng 3. Thanh phdn pha Fe-S dworc phdt hién.

Thanh phén % Khoi lwong % Nguyén ti
SOz 38,98 56,03
Fez03 61,02 4397
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dudi thai tuyén cromit, tin thu niken, gép phin
tiét kiém va bao vé tai nguyén khoang san.
Pong gop cua tac gia

Phung Tién Thuit - tham gia thwc hién thi
nghiém, phéan tich dir liéu, viét ban thao bai bao;
Tran Trung Téi - thuwe hién cac thi nghiém, kiém
chirng, chinh stra néi dung; Pham Van Ludn - cung
c4p tai liéu, danh gia va chinh stra; Nguyén Tuin
Khanh - diéu tra, khao sat, cung cip s6 liéu thi
nghiém.
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