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NGHIEN C'U CONG NGHE KHU' LUU HUYNH TRONG QUANG
SUNFUA DA KIM HE Ni-Cu-Mg-C VUNG CAO BANG

STUDY ON DESULFURIZATION IN NI-CU-MG-C MULTI-METAL SULFIDE ORE IN CAQ BANG

TOM TAT

Viéc nghién cttu qua trinh thiéu kh lvu huynh tir tinh quéng sunfua da kim
hé Ni-Cu-Mg-C duroc md ta trong bai bao nay. Cac nguyén liéu dau vao duroc danh
gia vé chét lugng va thanh phan hda hoc dé phit hop vdi diéu kién cho qué trinh
thiéu khir leu huynh. Thanh phan hoa hoc va cau triic té vi clia sn pham sau qua
trinh thiéu duroc phén tich béng phrong phép EDS trén thiét bi JEOL-JSM-6490,
phirong phap SMEWW va phuong phap phan tich héa u6t. Tinh chat cla san
pham sau ché tao ciing duroc nghién ciru danh gia. San pham clia qua trinh thiéu
quang sunfua da kim hé Ni-Cu-Mg-C Ia dang hop chét oxy héa hodc sunfat héa
clia cac kim loai duoc khir luu huynh dé thuén loi cho cac nghién ciu tiép theo.
San pham |a mét xich quan trong cho qué trinh hoan thién cong nghé thiy luyén
quang sunfua da kim hé Ni-Cu-Mg-C viing Cao B&ng.

Tir khda: Ha wét, oxy hda, hoa tach, sunfua da kim.

ABSTRACT

The study of the desulfurization process from the Ni-Cu-Mg-C poly sulfide
ore concentrate is described in this paper. The input materials are evaluated for
quality and chemical composition to suit the conditions for sulfur desorption
process. The chemical composition and microstructure of the product after the
combustion process are analyzed by EDS method on JEOL-JSM-6490 device,
SMEWW method and wet chemical analysis method. The properties of post-
fabricated products are also studied and evaluated. The product of the process of
incinerating multi-metal sulphide ore Ni-Cu-Mg-C is the oxidizing or sulphating
form of metals and desulfurization to facilitate further research. The product is
an important link for the process of perfecting the hydrolysis of multi-metallic
sulphide ore Ni-Cu-Mg-C in Cao Bang region.

Keywords: Wetting, oxy method, split up, multi-metal sulfice.
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1. GIOI THIEU

Codng nghé diéu ché Niken la cong nghé twong déi phiic
tap khong chi trong nuéc ma ca trén thé gigi. Vién Khoa
hoc vat liéu, Vién Han lam Khoa hoc va Cong nghé Viét
Nam cé nhi*rng c6ng trinh nghién cru chuyén sau vé luyén
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kim Niken nhu: “Céng nghé diéu ché Niken dién phan tir ba
thai cong nghiép clia cac san phdm ma”; “Cong nghé diéu
ché Niken tir quang Niken Ban Phuc - Son La”. Trong cac
cdng nghé trén, quan trong nhat la 4p dung cac giai phap
cdng nghé cho phép nang cao ham lugng Niken trong Sten
dé cac qua trinh diéu ché Niken tiép theo dwgc thuan loi.
M6t trong nhitng gidi phap cong nghé cé thé dap (ng
duogc yéu cau nay la phrong phap khir lvu huynh nham
nang cao hiéu suat cho qua trinh nau luyén sten niken, tién
t¢i ndng cao dugc ham lvgng Niken.
2. NGUYEN LIEU VA PHUONG PHAP
2.1. Nguyén liéu va thiét bi phuc vu nghién cru

- Bai tuvgng nghién ctru la tinh qudng sunfua da kim hé
Ni-Cu-Mg-C vung Cao Bang. Bai tvgng nghién ctu chinh
cla nghién ctru cé ham lwgng nhw bang 1.

Béng 1. Thanh phan héa hoc tinh quang sunfua da kim hé Ni-Cu-Mg-C viing
Cao Béng

Nguyéntd | O C Si| P S Fe Ni | Cu

Ham lwong | 4,17 | 20,43 | 0,42 | 0,07 | 25,71 | 37,40 | 550 | 6,30
- Lo thiéu quay cong suat 15kVA ché tao tai Vién Khoa
hoc vét liéu, Vién Han 1am Khoa hoc va Céng nghé Viét Nam.
- Hé théng trén nguyén vat liéu dung tich 20l va 1m?
duoc ché tao tai Vién Khoa hoc vat liéu, Vién Han I1am Khoa
hoc va Cdng nghé Viét Nam.
- Hé théng thu khi, bui ctia qua trinh thiéu dung tich
500l duwoc ché tao tai Vién Khoa hoc vat liéu, Vién Han l1am
Khoa hoc va Cong nghé Viét Nam.

- Mudi an NaCl, huynh thach, chat két dinh Na,SiO, déu
¢ xudt x Viét Nam.
2.2. Phrong phap nghién ctru va k¥ thuat str dung

* Phrong phap phan hdy cac sunfua kim loai trong qua
trinh thiéu

- D6i voi sunfua sét:

O nhiét do6 thap va c6 da oxy pirit va pirhotit oxy hoa
theo phan tng [1]:

FeS, + 30, — FeSO, + SO, 1
Fe.Sn.1 +(n+1)0, — nFeSO, + SO, 1
FeS + 20, — FeSO,
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Néu duv nhiéu oxy, sét 2 sulfat s& oxy hoé tiép thanh sat
3 sulfat:

2FeSO, + 0, + SO, — Fe,(S0,);
S0, + 1/20, — SO,
O nhiét dd cao sat sulfat phan ly:
2FeSO, — Fe,0, + (SO, + SO,)
Fe,(SO,); — Fe,0; + (SO;+2S0, + 0,

Fe,(SO,); bi phan ly hoan toan & 700 - 710°C, con FeSO,
& 665°C.

Tuy nhién vi Fe;0, khéng bén nén trong moi trvong oxy
hoa sé bi oxy hoa ti€p thanh Fe,0;. Nhu vay, néu thiéu &
nhiét do trén 700°C sé& duoc san pham sat 3 oxyt (Fe,0,).

- B6i v6i sunfua dong:

Trong tinh quéng niken Cao Bang, ddng nam trong pha
cancopirit-copper iron sulfide (CuFeS,). Khi nung & nhiét do
dén 550°C da bi phan huy [2, 3]:

2CuFeS, — Cu,S + 2FeS + 1/2S,
O nhiét d6 thap dong sulfua bi oxy hoé thanh déng sulfat:
Cu,S +20, — CuSO,
Thiéu & nhiét do cao sé xay ra cac phan (rng;
Cu,S + 3/20, — Cu,0 + SO,M
2Cus +5/20, — Cu,0 + 250,
6CuFeS, + 120, — 3Cu,0 + 3Fe,0; + 1250,

- B6i v6i sunfua niken:

Khi nung & nhiét do dén 461°C, Violarit bat dau phan ly:

3FeNi,S, — 2Ni,S, + 3FeS + 1/2S,

Khi nung & nhiét dd dén 610°C, Pentlandite bat dau
phan ly;

FegNigS,s — 3Ni,S, + 9FeS + 1/2S,

Xuat phat tir cac phan (ng phan ly néu trén ta thay, dé
céac hop chat chiva niken cé thé duoc oxy hoa thanh hé oxyt
thi nhiét dé nung phai cao hon 610°C. Khi d6 sé xay ra cac
phan (ng sau:

NizS, + 70, — 3NiSO, + SO,
NisS, + 9/20, — NiSO, + Ni,O; + SO,A

Khi nung & nhiét dé cao hon 750°C, cac sulfat niken bi

oxy hoa hoan toan [6]:
2NiSO, + 7/20, — Ni,0, + 2S0,M

* Ky thuat phan tich c6 thé s dung: phan tich phan bd
c6 hat, phan tich thanh phan EDX, phwong phap nhiéu xa
tia X, phan tich khéi phé plasma cdm (rng ICP-MS, phan tich
hoéa hoc... Cac phurong phap nay dung dé phan tich dinh
tinh hodc dinh Iwvong cac thanh phan nguyén t6, thanh
phan cdu tric pha clia cAc mau dang bot.

3. KET QUA VA THAO LUAN
3.1. Két qua khtr lvu huynh bang phuong phap thiéu
oxy héatinh quang

Tinh quang dugc nung thiéu la tinh quang nguyén khai
v@i thanh phan da néu & bang 1 véi lugng lvu huynh tir 16-

25%. Tinh quang dugc nghién kho trong may nghién tang
tréng thanh bot voi kich c& nhé hon 0,074mm (74um). Bay
la kich c& réat thong thvdng ma cac may nghién tang tréng
cdng nghiép cé thé dat ti. Thiéu co théi gié bang quat gi6
vGi luu lwgng thiét ké 0,1m*/phiat cho méi kg tinh quing.
Qua trinh thiéu duoc ti€én hanh & nhiét do (t, = 650°C) va
(t, = 800°C) la cac diém nhiét phan hly cla cac khoang vat
trong tinh quang sunfua da kim hé Ni-Cu-Mg-C vung Cao
Bang. K&t qua thu dwoc trong bang 2.

Bang 2. Két qua thiéu tinh quang sunfua da kim trong diéu kién nhiét do

khac nhau

pidu kién Thoi gianthiéu t, h
Hamlugng | MNiELA0 | o | 15 | 3 [ 45| 6 |8
e b 2571 | 12,23 | 948 | 849 | 839 |8,26
trong TQ (tl - 6500c) ) ) ) ) ) )
thiéu, % i

2
(t,=800%) 2571 | 984 |613| 4,38 | 3,67 |3,44

(+}
2

- Ché d0 1. Thiéu & 650°C dé bao dam cac san pham

sunfat hoa dugc tao thanh va dwgc bao toan (khdng bi
phan hly va oxy hoéa tiép). Két qua EDX va XRD cUa tinh
quang sunfua da kim hé Ni-Cu-Mg-C thiéu & 650°C cho
trong hinh 1, 2,

ZAF Method Standardless Quantitative

Analysis. Fitting Coefficient : 0.2517
Element (keV) Mass$ Error%s
O 33.40
Mg K 1.253 0.90 0.28
Al K 1.486 1.91 0.30
Si K 1.739 5.17 0.34
S K 2.307 8.26 0.35
Ca K=* 3.690 1.82 0.40
Fe K 6.398 41 .42 1.04
Co K~* 6.924 0.26 1.39
Ni K 7.471 5.28 1.85
Cu K~* 8.040 1.58 2.61
Total 100.00
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Hinh 1. Két quéa phan tich SEM-EDX clia tinh quang sau thiéu ¢ 650°C, thoi

gian 8h
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Hinh 2. Két qua phan tich XRD tinh quang sau thiéu ¢ 650°C, thdi gian 8h
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- Ché d0 2: Thiéu & nhiét do 800°C dé cac san pham
sunfat bi phan hly va oxy héa ti€p Két qua EDX va XRD cla
tinh quang sunfua da kim hé Ni-Cu-Mg-C thiéu & 800°C,
thoi gian 8h cho trong hinh 3, 4.

ZAF Method Standardless Quantitative
Analysis. Fitting Coefficient : 0.2505
Element (keV) Mass$% Error$ Atom%
C K 0.277 3.85 0.10 10.93
O K 0.525 20.34 39.75 23.44
Mg K* 1.253 0.14 0.20 0.20
Al K* 1.486 0.30 0.18 0.38
Si K 1.739 0.77 0.17 0.93
S K 2.307 3.44 0.14 3.66
Ca K* 3.690 0.21 0.27 0.18
Fe K 6.398 64.57 0.78 39.44
Ni K 7.471 6.03 1.43 3.76
Cu K 8.040 3.75 2.05 2.02
Total 100.00 100.00
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Hinh 3. Két qua phan tich SEM-EDX ctia tinh quang sau thiéu ¢ 800°C
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Hinh 4. Két qua phan tich XRD tinh quang thiéu ¢ 800°C, thoi gian 8h

Hinh 2, 4 la két qua phan tich pha cla b6t tinh quang
thiéu, cho thay rd rang & nhiét do trén 750°C cac pha sulfua
da kim da bi phan ly va sunfua déng va niken dé bi oxy hoa.
Trén hinh 5, qué trinh thiéu tinh quang cho thay thuc té€ khi
thiéu & ché dd 1, chi sau 4h mic d6 oxy hoa sunfua gan
nhv két thac va lugng lvu huynh trong quang thiéu gidm
rat cham du ti€p tuc thiéu thém 4h nita. Trong khi dé, sau
2h thiéu & 800°C lvgng lvu huynh clia tinh quéang da giam
xudng mic nhuw tinh quédng thiéu & 650°C thiéu trong 8h.
Ti€p tuc thiéu nira, cac san pham sunfat bi phan hly va oxy
héa nén lvgng lvu huynh gidam manh, xudng téi mic xap xi
3,4% sau 8h.

- Qua trinh thiéu quang & 650°C (nhiét d6 bao dam cac
san pham sunfat héa duoc tao thanh va duoc bao toan) kéo
dai hon 4h chi giam dugc ham lvgng lvu huynh cla tinh
quang xudéng con khoang 8-9%. Nguyén nhan la do cac san
pham sunfat héa duoc tao thanh va bén virng (khong bi
phéan hay) & nhiét do thiéu nay.
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Hinh 5. Mai lién hé giia ham Irgng luu huynh cla tinh quang va thoi gian
thiéu

- Qua trinh thiéu quang & 800°C (nhiét d6 bao dam cac
san pham sunfat bi phan hly va oxy hda tiép) cho phép
gidm duoc ham lwvgng lvu huynh clia tinh quang xuéng con
khoang 3-4%. Tuy nhién qua trinh nay phai kéo dai dén 8h,
phai cap nhiét lién tuc nén rat tdn kém thoi gian va nhién
liéu (tiéu hao gap 3 lan so voi trvong hop trén).

Cac két qua nghién cru cho thay thiéu tinh quang &
nhiét do trong 10 duy tri trén 800°C 1a hoan toan c6 thé khir
dugc hon 80% Ilvu huynh. Tuy nhién viéc duy tri nhiét do
thiéu & 800°C trong khi van phai cdp da gi6 l1a diéu kho
thuc hién vi gié lanh lam tén rat nhiéu nhiét. Trong qua
trinh thiéu, thiét bi d6t lam viéc khdng ngirng vi role kiém
soat nhiét dd hau nhu khéng ngat. Lvong dau dét tén gap
3 1an so voi viéc d6t ¢ nhiét do 650°C. Do dd, phwong an
thiéu tidng nhiét 1én 800°C sé kho cd thé ap dung vao thuc
tién san xudt cong nghiép néu phai thiéu khéi lvong quang
l6n. D& khéc phuc diéu nay, can phai tién hanh thiéu &
nhiét d6 thap hon va ap dung bién phap bo sung dé giam
thiéu lvu huynh trong tinh quang.

3.2. Két qua khtr lvu huynh bang phuong phéap thiéu
sunfat héa tinh quang

Nhiét d6 anh hudng quan trong dén san pham sau
thiéu, néu nhiét do duwdi 650°C thi san pham cudi cung
nhiéu sunfat, con néu nhiét dé 650°C thi san pham lai nhiéu
oxit béi trén nhiét d6 nay ngoai phan rng oxi hoa manh liét
con xay ra hién tugng phan huy sunfat thanh oxit. Chinh vi
vay trong qua trinh thiéu ta nén khéng ché nhiét do duéi
650°C, tuy nhién viéc khéng ché nay la twong d6i khé bai
san pham chay l1a khi dé chay SO,, qua trinh phan (ng luén
ludn tod ra nhiét I&n. Thoi gian gan day, Phong cong nghé
kim loai, Vién Khoa hoc vat liéu da tim ra giai phap xt ly cé
hiéu qua nham kiém ché sy tang nhiét tai cac ving chay
nhd, bao ddm nhiét dé toan bo ving ndi 16 6n dinh trong
pham vi cho phép. D6 la mét hgp chat xdc tac cé ky hiéu
XTSF-1 do Vién Khoa hoc vat liéu tw ché tao dé tron 1an véi
tinh quédng trong qua trinh thiéu. Ban chat clia chat xdc tac
la hdp thu mot phan nhiét phat ra tlr sy chay cda luu
huynh, bdo d&m nhiét do toan bd ving ndi 10 khdng vuwgt
qué 650°C trong khi qué trinh cép gié khéng doi héi han
ché nghiém ngat.
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Hinh 6. Anh hirng ctia nhiét do dén hiéu suét sunfat héa niken va dong duoi
tac dung cia chét On nhiét XTSF-1

Hinh 6 thé hién hiéu suét sunfat héa niken va déng. Tai
nhiét do 450°C la nhiét do bat dau xay ra phan (ng phan
hoa sunfua sat ddng thanh dang sunfat, tuy nhién nhiét do
nay tuong déi thap dé kich hoat phan (ng nay vi ton that
nhiét lam néng toan bd khoi quang. Qua trinh sunfat hoa
lGc dau xay ra nhanh nhung sau dé ngirng lai nhanh choéng
bdi nhiét dé chua du cao dé hat quiang néng né day san
pham chay SO, ra ngoai. Khi nhiét do tiép tuc ting thi hat
qua trinh xay ra dé dang hon dac biét khi tang dén 650°C
qua trinh sunfat hoa xay ra thuan lgi nhat, tai nhiét doé nay
hiéu suat sunfat hod dong Ién t&i 83%, con sunfat héa
niken Ién c& 64%, dat dwgc két qua tét nhat nay la do:

Thir nhat; Tai nhiét d6 nay chat 6n nhiét phan hoa na v
kéo theo n& v& vun cua hat quang lam cho qua trinh phan
(*ng dugc thuén lgi hon.

Th hai: O nhiét do nay la nhiét do cac san pham mudi
sunfat cting rat dé phan huy thanh oxit, cac hat muéi sunfat
gidn n& hét muc cting lam cho hat quang bi gidn né hét cé
lam cho hat quang bi trvong nit tao bé mat méi tao nén
cac phan (ng tiép theo.

Thir ba: Khi tang dén nhiét dé nay ciing la nhiét dé gay
ra phan ng chuyén pha thu nhiét ctia chat dn nhiét lam
cho qua trinh phan (ng dién ra theo chiéu thuan & trang
thai can bang va thuan loi.

Khi tiép tuc tang nhiét do cao hon nita cu thé néu kich
hoat ngay tlr dau nhiét do 1én téi 750°C la nhiét do xay ra
phan (rng oxit hoa kim loai lam cho bé mat hat quang tré nén
cting, khéng tao duoc 16 x6p théng thoang cho hat quang
lam cho qua trinh thoat SO, rat kém. Hon nira tai nhiét do nay
xay ra phan trng bién mém ctia mot s6 pha trong hat quang
lién két cac hat quang v6i nhau tao thanh khéi nhao lam cho
phan tng sunfat hoa khdng duoc thuan loi, bé mat chi cé
mot lIép méng bi oxi hod. Khi hoa tach trong nudc 16p oxit
nay rat dé bi thuy phan theo phuong trinh:

CuO + H,0 <> Cu(OH),

Fe,0, + 3H,0 <> 2Fe(OH),

Hydroxit hinh thanh nhanh chéng bam vao bé mét hat
quing gay ra hién trong bit 16 han ché sy hoa tan cla
sunfat va céc oxit khac & sau bén trong hat quang, diéu nay

da ly giai tai sao & nhiét dd 750°C hiéu suat hoa tan dong
rat thap co 8,87%.
4. KET LUAN

Viéc nghién ctru qua trinh thiéu khir lvu huynh ti tinh
guang sunfua da kim hé Ni-Cu-Mg-C dwgc mo ta trong bai
bao nay. Nguyén vat liéu la tinh quang sunfua déng ctia mé
Cao Bang, cling v6i cac chat phu gia d4 dwoc nghién ciu vé
thanh phan va tinh chét. K&t qua phan tich vé thanh phan
hoa hoc cutia sdn phdm sau qué trinh khir lvu huynh cho
thay néu thiéu oxy héa tinh quang lién tuc trong 8h sé thu
dugc sé khtr dwgc lvu huynh trong tinh quang tir mic
25,71% xudng 3,44% dat hiéu suat kntr 87%. Bén canh do,
cling da xac dinh dugc néu khi lvu huynh bang phuong
phéap thiéu sunfat héa tinh quang cho hiéu suat 83%. Két
qua néu trén cé y nghia rat I6n, gép phan hoan thién céng
nghé thay luyén quang déng ap dung cho ngudn quang
sunfua dong viét nam.
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