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3. Phu gia Clo

Phu gia clorua duwoc s& dung
trong quéa trinh rang kh& chi yéu
bao gébm natri clorua, magie clorua
va canxi clorua, lam thay déi qua
trinh khir truc tiép cac oxit kim loai.

Khi clorua dwoc dwa vao qua trinh
khtr khi cé hoi nwdc, ba giai doan
da dwoc dé xuat:

- (1) tao HCI & dang khi,
- (2) hinh thanh clorua kim loai

- (3) khtr clorua kim loai
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The corresponding reactions are as follows:
9NaCl(s) + SiOs(s) + HoO(g) = 2HCI(g) + NaySiOs(s)
(1)

MCly(s) + SiOs(s) + HyO(g) = 2HCl(g)
+ MSiO3(s) (M = Mg, Ca)

MO(s) + 2HCI(g) = MCly(s) + H,O(g) (M = Fe, Co, Ni)
(3)

C(s) + H2O(g) = Hz(g) + CO(g) (4)

C(s) + 2H20(g) = CO2(g) + 2H2(g) (5)

MCls(s) + Ha(g) = M(s) + 2HCl(g) (M = Fe, Co, Ni)

(6)

MCly(s) + CO(g) + H20(g) = M + 2HCl(g) + CO2(g)
(M = Fe, Co, Ni) (7)
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3. Phu gia Clo
Nghién ctru ctia Takahashi va cong NiO(s) + 2NaCl(s) = NazO(s) + NiClz(s)
S\, cla Zhou va cong st sir cho AG” = 508.937—0.046T kJ/mol )
rang:
Clorua ran c6 thé phan (rng v&i oxit B
sat va niken dé tao thanh clorua kim FeO(s) + 2NaCl(s) = NaxO(s) + FeCla(s) (9)
loai trong diéu kién khdng cé hoi AG” = 473.295-0.032T kJ/mol
nwoc.

Van chwa dd bang chirng vé cac phan
wng tao HCI hay trwc tiép hinh thanh

Clorua kim loai.
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3. Phu gia Clo
NaCl:

- Anh huodng téi sw két tu va tang trudng cac hat ferroniken;
- Vé&i quang oxit niken cao, magie thap :
+ NaCl c6 lap NiO khdi cac khoang chat mang NiO:

+ NaCl thic day sy hinh thanh NiFe204 bang phan (ng cta NiO véi Fe203 & nhiét
doé trén 1000 °C va diéu nay thuan Igi cho viéc tao hop kim Ni-Fe.

- Kétqua:

Vé&i 10% NacCl, tinh quang ferronickel thu dwgrec chira 7,09% Ni va ty 1é thu hoi niken la
98,31% :
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3. Phu gia Clo
CaCl,: Ciing c0 tac dung trong viéc cai thién sy lam giau
niken

Trong nghién cru cua Kwatara va céng sw: voi 7,5% CacCl2,
thu dwoc san pham cé ham lwgng niken 15% v&i ty 1€ thu hoi
la 85% sau khi khtr & 1000 C

Viéc bb sung Fe, Fe304 ciing gilip cai thién qua trinh
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3. Phu gia Clo

Fe va Fe304 co6 thé cai thién thém
kha nang lam giau niken trong qua

trinh clo hda quang laterit bang
clorua canxi

Nghién ciru cua Li et al cho rang anh hwédng ctia Fe304 dén hoat ddng cua niken. Khi
nhiét do trén 560 oC, FeO bi khir ttr Fe304 phan (rng v&i magie silicat va pha hiy mang
tinh thé magie silicat, Iam tang hoat tinh cda niken (Phwong trinh 10)

Mg,Siz07(s) + 3FeO(s) + SiOz(s) = 3(Mg, Fe)Si04(s)
(10)
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3. Phu gia Clo
NH,C], AICI3.6H20
NH,CI bi phan hay & nhiét dé trén 350 oC thanh NH3 va HCI;

AICI3.6H20 c6 thé tao ra hydro clorua va phan hly hoan toan thanh alumin & nhiét d6 twong doi
thap trong khoang 120-500 C.

Ni, Fe va Co trong quang dwoc hoan nguyén va bi khtr béng clo va hinh thanh clorua kim loai.

2M(s) + Oa(g) + 4HCl(g) — 2MCla(s) + 2H.0(1)
(M = Fe.Ni,Co)
(11)

N 2. 4FeClz(s) + Oz(g) + 4H20[:1} — 2Fes03(s)
Két qua: + SHCI() (12)

Ty & khdi lwong NH4CI 1a 0,8, nhiét gicf) rang 400 oC va thoi ‘gian rang 15 phuat la thuan lgi cho
qua trinh clo héa cua Ni va Co. Bd thu hdi rira tréi cua Ni va Co lan lvot |a 80% va 60%.:

Khi quang laterit dwgc khir & nhiét dé 500 oC trong 120 phut véi 40% AICI3.6H20, 91% Ni, 90%
Co va 64% Fe duwgc tach ra khoi quang bang qua trinh hoa tach trong nwéc nuwéc & 70 oC.
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3.2 Phu gia hé sunfua

Lwu huynh trong hon hop da thuc
day sw tap hop va phat trién cta cac
hat ferronickel bang cach giam strc
cang bé mat cda cac hat hop kim
Fe-Ni

Tang kha nang lam giau chon loc Ni, han ché sw c6 mat cua sat
trong san pham thu dwoc

Nghién ctru cua Jiang‘vé cong sy da chirng minh réng voi 10% S, ham lvong niken tang
lén 7,21% va d6 thu hdi sat giam manh tir 62,39% xudng 29,43%



3.2 Phu gia hé sunfua
Sw tao thanh FeS

NaaSOy4(s) + SiOz(s) + Ha(g) = NaaSiOs(s)

+ S02(g) + H20(g) (13)

FeO(s) + SO2(g) + 3Ha(g) = FeS(s) + 3Hz0(g)
NazS04(s) + 3CO(g) = NazO(s) + S(s) + 3COz(g)
(17)

Fe(s) + S(s) = FeS(s) (18)
2Fe304(s) + 5Sa(s) = 6FeS(s) +4S02(g)  (19)

4FeO(s) + 3S2(s) = 4FeS(s) + 2S04(g) (20)

2M(s) + Sa(s) = 2MS(s) (M =Ni, Fe, Co) (21)
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Sw phan
huy sunfat

va tao FeS

NapSO4(s) + 4CO(g) = NasS(s) + 4CO0s(g)  (28)

NagS(s) + FeO(s) + 2Si02(s) = NagSiaO5(s) + FeS(s)
(29)
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3.2 Phu gia hé sunfua
Anh hwéng ctiia FeS dén qua trinh lam giau chon loc niken

Li va cdng sw [52] nhan thdy rang mot mang bao gém FeS va Na2Si205 da bao phi FeO, va mang
nay can tré sw tiép xuc gitra khi khir va FeO, ngan can qua trinh kim loai hoa cla Fe;

Rao va cdng sw cho réng lam giau c6 chon loc cua niken la do xu hwdng sulfid héa cia FeO I&én hon
cua NiO.

- Hé théng Fe-FeS c6 nhiét dd eutectic twong dbi thap
la 989 C so v&i nhiét d6 ndng chay cua FeS (1194 C)
va cla sat (1538 oC).

- Hién twong eutectic nédng chay thap nay Iam giam
nhiét dd nung chay cda quang va tang tc do chuyén
khdi cia cac kim loai. Sw phat trién cla cac hat
ferronickel dwoc thuc déy, va kich thwdc hat cua
feronickel tang 1én khoang 40 um.

Fig. 10. Evolution of Fe-Ni and FeS particles in the reduced pellets
with 20% Na,SO, at 1200°C for 60 min.>® Reprinted with permission
from Ref. 53.
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3.2 Phu gia hé sunfua

B0 sung cac chit phu gia khac: viéc bo sung ndy nham lam ting hiéu qua khir
niken va su 16n 1én cua cac hat kim loai.
Na,CO,
- Na2CO0a3 c6 kha nang I&n hon Na,SO, trong viéc tang cwd'ng qua trinh khir niken
tlr quang serpentin.
+ Na,CO; phan wng voi MgSiO; va Mg,SiO,, con Na,SO, chi phan rng v&i
MgSiOg;
+ Na,CO, phan &ng v&i MgSiO, dé dang hon so vé&i Na2S04 & nhiét do tir 1100
oC dén 1327 oC;

Cic nghién ciru truée diy cho thay khi bo sung Na,CO, cho chat phu gia Na,SO, ¢6 thé
thu dwec san pham véi 6,05% Ni va 65,74% Fe véi ty 18 thu hoi 1an lwot 1a 85,03% va
66,92%o.
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3.2 Phu gia hé sunfua
CaO:

- B6 sung CaO lam giam nhiét d& héa mém, gidm dd nhét cta xi va cai thién sw
khuéch tan cua cac kim loai, thuc day sw két dinh cua cac hat kim loai

- CaO phén rng vo&i SiO2 tao ra san phdm diém nong chay thap hon. Biém néng
chay gidm tlr 1455 oC xudng 1270 oC khi c6 10% CaO, dan dén sw két tu dé dang
hon cla cac hat ferronickel thanh hinh cau.

Két qua nghién ciru truée diy voi diéu kién nung khir :

+16% CaO va 1% CaS0O4; 79% hat kim loai cé kich
+ Nhiét dé khir 1350 oC trong 60 phut.

thuédc trén 1Tmm




Két luan

Do thanh phan khoang chat phurc tap ya ham luqn% niken thép trong quing lagerit, cac chat phy gia khac nhau d3

duoc nghién ctru danh gid de chiét xuat Ni, Fe va Co. Cac chat phu gia bao gom clorua, luu huynh va sunfat, oxit
kim loa1 ki€m, natri cacbonat.

Mac du van con mot so diéu khénﬁ chag chan lién quan dén qua trinh hinh thanh HCI trong qua trinh nung khur,
xong cac két qua nghién ctru déu cho thay Clorua bien cac oxit kim loai thanh clorua kim loat, lam tang kha na
tich tu va do thu hoi. NaCl giai phong niken khoi quang va thic day su hinh thanh NiFe,O,, do d6 dan dén su ket
tu \(/iq phat trien cua cac hat ferronickel. Viéc bo sung Fe va Fe304 ciing ¢6 hi¢u qua dé nang cap chat luwong cua
co dac

Luu huynh va sunfat thuc day qua trinh lam giau niken c6 chon loc chil yéu do sy hinh thanh FeS khong tir tinh.
FeS co thé duoc tao thanh theo ba cach:

- Phan tng gitra FeO va SO2;
- Phan (g giita lvu huynh va sat hodc cac oxit sat;
- Phan tng gitra oxit sat va natri sunfua.

Phu gia lyu huynh lam ténﬁ toc do tap hor]I:;1 va phat trién cta cac hat hop kim Ni-Fe bang cach hinh thanh gutectic
Fe-FeS ¢ nhiét do nong chay twong doi thap. Ngoai ra, luu hpynh duoc thém vao hodc dugc tao ra ¢6 thé lam
giam suc cang b€ mat bén trong, va hi€u img nay cung véi di€ém ndng chay thap cua xi gop phan vao su di
chuyén va phat trién cua cac hat ferronickel.
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