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NGHIEN CUU KHA NANG GIAI PHONG Fe, Cu, Pb, VA As TU
PHAN THAI CO CHUA QUANG PONG SUNPHUA

Lé Thi Hoa', Vii Vin Tung', Nguyén Thi Ngoc Mai', L& Vin Khée!, Vii Thi Ha Mai?
TOM TAT

Qud trinh gidi phong Fe, Cu, Pb va As tir quing dong sunphua dwoc nghién civu
trén mé hinh thiét bi mé phéng qud trinh phong hod tir nhién. Két qua thwe nghiém cho
thdy rdng, toc do giai phéng Fe, Cu, Pb, As trong diéu kién xung mede nhanh hon & diéu
kién ngdp nude; dong thoi dién bién ciia qud trinh phong héa & cac diéu kién nay ciing
c6 su khdc nhau. Sw di chuyén cdc kim logi ndng trong méi trieong ciing chiu anh hieéng
béi cdc ion khdc c6 mdt trong méi truong do qud trinh hdp phu, thity phén, két tua, dong
két tia va canh tranh trong dung dich. Bai bdo gép phan lam sdng 16 co ché gdy é nhiém
Fe, Cu, Pb, As trong nudc mdt, dat bun va tram tich tich luy tai cac vang lan can va tai
khu viee khai thac quang.

Tw khoa: Kim loai nang, quang sunphua.

1. DPAT VAN BE

Chat thai rin va nudc thai 1a hai ngudn chinh trong khai thac va ché bién khoang
san kim loai mau. Phan I16n cac chat thai rin chtra ham lugng cao cac nguyén té kim loai
nang nhu Fe, Pb, Zn, Ni, As, Cu va Cd va chtra khoang vat sunphua nén c6 tiém nang
hinh thanh dong thai axit mo. Nudc thai ciing ¢ ham lugng cac kim loai ning va chat
rin lo ling cao hon tiéu chuan cho phép nhiéu 1an. Nudc thai tir khai thac néi chung déu
duogc xa thai truc tiép ra ngoai méi truong ma khong qua xir 1y. Nudc thai tir tuyén
khoang duoc thai vao khu vuc riéng va duge xir Iy so bd thong qua cac hd ling trudce
khi thai ra ngoai moi truong [15].

O nudc ta hién nay, cong nghé khai thac quang phan 16n 13 ban thu cong, toan bo
céc phan quing nghéo, dudi quing va khoang san di cung thudng khong duoc quan tim.
Day 1a mot nguyén nhan quan trong anh hudng ning né dén méi trudng, giy 6 nhidm
nguén nudc, khong khi, dét dai va da dang sinh hoc [1; 2].

Khi xac dinh néng d6 mét s6 kim loai nang trong moi trudng phat sinh tir cac
ngudn thai khac nhau cho thay nong do cta chung trong méi truong dat, nudc va ca
khong khi c6 chiéu hudng ting theo thoi gian [4]. Khi di vao méi truong, sy chuyén hoa
tu nhién da lam thay ddi tinh chét cling nhu doc tinh ctua cac kim loai nang [4; 5]. Do
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doc tinh cao cia mét sb kim loai nang, tham chi mot lugong nho dang vét trong moi
truong dd c6 thé gay doc ddi v6i con nguoi, dong vat hoang di va doi khi 1am thay d6i
ca mdt hé sinh thai [6].

Viéc nghién ctru kha ning giai phong va co ché chuyén hoa cua mét sb kim loai
ning tir cac bai thai quing do d6 di tré nén birc xuc va cd y nghia quan trong ddi voi
moi truong ¢ Viét Nam, dong gop vao viée hiéu biét va bao vé mai trudng tai cic noi
khai thac va ché bién kim loai n6i chung.

2. THUC NGHIEM

Dé thuc hién cac nghién ctru vé qua trinh giai phong Fe, Cu, Pb, As tir phan thai
b6 trong khai thac quing dong sunphua thiét bi nghién ctru duoc thiét ké va 1ap dat nhu
trén hinh 1. Cot nhdi (1) c6 dudng kinh 45 mm, dai 700 mm chira 16p cat thach anh (B)
kich thude hat 0,1 dén 1,0 mm da duoc ria sach tron voi quang chacopyrit da duoc
nghién dén kich thuéc nho hon 1 mm véi ty 1é quing trén cat 1a 1%. Phia trén (A) va
duéi cot (C) duoc nhdi mot 16p soi nho kich thude 3 — 5 mm, day 30 mm. Nudc c6 thanh
phan mé phong nude mua (nhu trén bang 1) dugc chira trong bé (4) luén duge dam bao
c6 ndng do oxi hoa tan khéng nho hon 8 mg/l bang thiét bi suc khi (5). Bom (6) dung dé
cap nudc cho cot theo yéu cau cua thi nghiém thidm nudc hay ngap nudc.

2.1. Nghién citu trong diéu kién ngip nuéc

Ghi chu

1. ‘Cét chiwra cat tron quang
dong sunphua
(Chalcopyrite)

2. Vo bao on

3. Van ldy mdu

4. Bé chira dung dich nuée
mo phong nuoc mua

5. May thoi khong khi

6. Bom nuoc

A. Lop soi chan trén

B. Lop quang sunphua
dong tron voi cat thach anh

& C. Lop soi chan duoi
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Hinh 1. Thiét bi cho qua trinh phong ho giai phéng kim loai trong diéu ki¢n ngap nuéc
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Dé nghién ctru qua trinh giai phong kim loai ning tir bai thai, dudi quing nghéo
trong diéu kién ngap nudc (md phong qua trinh ty nhién khi dat da thai hay dudi quing
nghéo dong sunphua chira trong cac ao, hd ngap nudc), thiét bi nghién ciru duoc thiét ké
nhu trén hinh 1.

Pha nu6e dugce chuan bj c6 thanh phén tuong tu nudc mua nhu trén bang 1, dugc
bao hoa oxi bang may suc khi nhiam dam bao néng d6 oxi hoa tan luén luén nam trong
khoang 8 mg/l va duoc cip vao cot chira quing sao cho muc nude trong ¢t ludn cao
hon bé mit 16p cat tron quing va c6 thé tich du khoang 200 ml. Mau nuéc duoc 13y ra
& van 3 hai ngay mot 1an véi ciing thé tich 1a 200 ml (trong dwong thé tich nuée du trén
cot) va vao cung mot thoi diém nhu nhau.

Bang 1. Thanh phin nuwéc mwa

Thanh phan Ca?* | Mg | K | Na* | CI' | Cacbonat | NO3 | SO4* | NH4'
Nong do
(mg/l)

2.2. Nghién citu trong diéu kién xung nwéc (thim nuéc)

5,6 2,7 |41 44 | 9,2 18,3 4,44 | 3,29 0,75

Thiét bi nghién ctru trong diéu kién xung nudc twong tu nhu phan ngap nude. Nhung
chi khéc trong qua trinh van hanh la pha nudc s€ cho chay theo tirng xung 200 ml (2 ngay
mot 1an) tham qua 16p quing tir trén xudng dudi. Mau dugc lay theo thoi gian nhu nhau
v6i ciing mot lugng 13 200 ml sau khi chay thdm qua 16p quing.

Nong d6 kim loai trong cac mau duoc phén tich trén may khdi phd plasma cam
g (ICP — MS), pH x4c dinh bang may do pH [8].

3. KET QUA VA THAO LUAN

Trong qua trinh phong héa cac khoang vat chira sunphua kim loai, nhu asenopyrit,
cac kim loai dugc giai phong ra s& dugc oxi hoa dan dan t6i muc oxi hda cao va bén nhét
trong diéu kién du oxi va sunphua s& chuyén thanh sunphat [9]; déng thoi cac yéu t6 c6
mit trong moi trudng xung quanh ciing anh huéng rat manh dén su ton tai ctia cac phan
tur vira duoc giai phong nay [10].

Chacopyrit 1a quing ctia dong d3 va dang duoc khai thac, ché bién nhiéu nhét trén
thé gidi noi chung va ¢ Viét Nam noi riéng. Quang nay chira chu yéu Fe, Cu va mot ham
luong kim loai Pb va As c¢6 ddc tinh cao [11, 12].

Bing 2. Ham luong ciia Fe, Cu, Pb, As trong mau quing chacopyrit nghién ciru

Nguyén td Fe Cu Pb As
Ham lugng (mg/g) 136,65 | 28,70 | 3,16 | 0,064
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3.1. Bién thién pH va ndng dé kim loai trong diéu kién ngip nuéc

Mau quing va hé théng thi nghi¢m duoc chuan bj nhu muc 2.1 va duoc tién hanh
lién tuc trong vong 30 ngay. Két qua do pH va phan tich ndng d6 ctia cac kim loai chu
yéu trong cac miu nudc 1ay theo thoi gian thi nghiém duogc thé hién trén hinh 2.

Tir cac két qua nhan duogc c6 thé thiy rang gia tri pH trong khoang mot tuan dau
¢ xu hudng giam dan xudng dén gia tri cuc tiéu 4,3 dén 4,4 sau do6 tir ngay the tam tré
di lai bat dau tang nhe va tiép tuc dén ngay thur 28 dat gia tri 5,6. Su bién thién cua gia
tri pH nhu trén 1a do nhimg ngay dau luong oxi tham gia qua trinh phong hoa gdm oxi
khong khi nam lai trong khéi vat chit va oxi hoa tan trong nude da thuc diy qua trinh
hoa tan cua céac kim loai ra pha nuéc; nhung sau d6 da hét va chi con lai oxi hoa tan tham
gia vao phan tmg. Vi vay di xuat hién cuc tiéu trén dd thi & khoang ngay tht 6 dén ngay
thir 8 pH van ting nhe déu dan tir ngay thir 9 dén ngay tht 26 chimg to qué trinh phong
hoa van tiép dién, song qua trinh hoa lodng do lugng nudc tiép tuc cip vao di khong cho
pH giam tiép tuc ma lai ting nhe. Tir ngay 26 tré di pH dat gia tri khoang 5,6 va hau nhu
khong thay d6i nita. Co thé ddy 1a gia tri cAn bang ctia cic qué trinh oxi hoa khu, thuy
phan, hoa tan, hap phu cua cac ion kim loai ¢ trong pha nuéc dan dén su thay d6i ndng
do H" trong pha nudc.
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Hinh 2. Bién thién pH va nong d ciia Fe, Cu, As, Pb trong diéu kién ngip nudéc

Cung voi su bién thién cta pH, néng d6 cua Fe, Cu, Pb, As vao pha nudc c6 sy
bién thién gan gidng nhau phu hop v6i su bién thién cua pH. Nong d6 cta cac kim loai
déu tang nhanh va dat gia tri cuc dai xung quanh ving pH c¢6 gié tri cuc tiéu, nhung sau
do giam véi tdc d6 khac nhau dbi véi tung kim loai. Sy ting néng d6 cua cac kim loai
xay ra trong nhimg ngdy dau lién quan dén cac qua trinh phong hoa oxi héa quing
sunphua thong qua céc phan ung:

2FeS; + 70, + 2H,0 — 2Fe*! + 4S04% + 4H* (1)
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4CuFeS, + 1502 + 2H,0 — 4Cu’ + 4Fe?" + 8S04% + 4H' (2)

2x—n _
MeSx + {4x—%} 0, + sz " H,0 — Me™ +xSO4> + 2x-mH"  (3)

Céc phan g trén xay ra trén bé mit cac hat quing trong ving khuéch tan cta oxi
va nude téi bé mit quing va cac san pham tan tao thanh sau phan mg chuyén vao pha
nude. Néu pha nudc gidu oxi, cac phan tmg oxi hoa tiép theo xay ra.

4Cu* + O, +4H" — 4Cu*" + 2H,0 4)
4Fe’" + Oy + 4H" — 4Fe** + 2H,0 (5)

Két hop phuong trinh (2) dén (5) c6 thé viét phuong trinh tong quat dudi dang nhu

phuong trinh (6) dudi day
4CuFeS; + 1702 + 4H' — 4Cu*" + 4Fe*" + 8S04* + 2H,0 (6)

Céc phuong trinh (2), (3), (4), (5) va (6) tiiy diéu kién méi truong va ting thoi
diém c6 thé wu tién cho mot, hai qua trinh hay dong thoi xay ra cing mot liic va chung
quyét dinh tdc d6 phong hoa clia quing.

Néu méi truong chi 13 axit yéu (pH 4 — 6) thi xay ra qua trinh thuy phan tiép theo,
dic biét déi voi Fe*™ va Pb*",

Fe’" + 3H,0 — Fe(OH); + 3H" (7)
Pb** + 2H,0 — Pb(OH), + 2H" (8)

Theo thanh phan ciia mau quing thi sit ¢6 ham luong cao nhat; nhung ¢ ving pH
thip nhat (4,4) luong sat giai phong ra chi 1a 39,45 mg/L thip hon dong (52,67 mg/l).
Nguyén nhan 1a sat giai phong khoi bé mit quing da bi oxi hoa va thuy phan phan 16n
tao sat(IIT) hydroxit va duoc giir lai trén cot trong khoang khong gian giita cac hat cat
va quing. Sau ngay thir 8 dén khoang ngay thir 16, ndng do hau hét cac kim loai déu
giam nhanh. Hién tugng nay chi c6 thé giai thich bang sy hap phu cac ion kim loai cia
sat(IIT) hydroxit va su han ché qua trinh khuéch tan cta oxi va nudc dén bé mit hat
quing do 16p sat(IIl) hydroxit che phu. Nhitng ngay sau do pH it bién dbi nén cac qua
trinh gan nhu dat téi trang thai can bang dong va ndng do cua cac kim loai trong mau
nuée ciing hau nhu khong thay doi; sit gan bang 17 ppm, déng 0,3 ppm, chi 0,5 ppm,
As 0,01 ppb.

3.2. Bién thién pH va ndng dé kim loai trong diéu kién xung nuéc

Thi nghiém trong diéu kién xung (thAm) nudc duge tién hanh nhu trinh bay & phan
2.2. va kéo dai 25 ngay, mdi ngdy mau nudc duoc 1ay mot 1an dé do gia tri pH va phan
tich ndng d6 cac kim loai trong d6. Két qua thi nghiém duoc trinh bay trén hinh 3. T
két qua thi nghiém cho thay pH giam dan theo thoi gian va tuong ddi déu tir gia tri ban
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dau 14 5,4 cho dén gia trj cudi 1a 1,9. Didu nay 1a dang véi thyc té khi mdi 1an xung nudc
gidng nhau; ludn c6 sy tiép xuc gitra quing va oxi khong khi trong nude nén phan tmg
phong héa gan nhu lién tuc xay ra, khong bi han ché nhu trong truong hop ngap nudc.
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pHX10, ndng d6 Fe, Cu, Pb

100

Hinh 3. Bién thién pH va nong d Fe, Cu, As, Pb trong diéu kién xung nwéc

Su bién thién ndng d6 cua cac kim loai trong thi nghiém nay anh huéng boi su
thuy phan manh (sit), két tia sunphat (chi); Cu, As khéng anh huéng béi sy thity phan
nhung lai bi hap phu. Thuc té, sit v6i ndng d6 dudi 10°M sé& thiry phan khi pH moi
truong phai 16n hon 3,5 [13]. Vi thé, cho dén ngay thir 14 khi pH con & gid tri xap xi 4,
hau hét sat(III) giai phong ra di thiy phan cho nén ndng do cta sit rt thap. Cung véi
d6, nhitng ion hap phu manh trén sat(IIl) hydroxit nhu asenat ciing chi c6 néng d6 19
ppb. O pH niy cac phan tir thity phan cua sit cha yéu mang dién tich duong [13, 14],
cho nén cac cation kim loai bi hép phu rat kém. Vi thé ma néng d0 cua cac ion kim loai
nay van tang déu trong khoang thoi gian 15 ngay dau. Tir ngay thir 16 tré di pH bét dau
giam xubng dudi 3,5 dén 1,9, sat(IIT) hydroxit bat dau tan ra nén nong do ting rat nhanh
(tir khoang 11 ppm 1én dén 485 ppm). pH giam manh cing véi luong oxi trong nuée da
thiic diy qua trinh phong hoa manh, dong thoi khi sat(IIT) hydroxit tan ra thi qua trinh
giai hap ciing ting lam ndng d6 Fe, Cu, Pb, As ting manh. Riéng ddi véi chi, ndng do
tang dan va dat cuc dai trong khoang pH xung quanh gia tri 3,4; sau d6 giam t&i khi pH
dat khoang 2,1 thi hau nhu khong thay ddi nita vi & nhiing gia tri pH nay chi giai phong
ra khong bj thity phan (vi pH luén ludn nhé hon 5) va ndng d6 chi trong nudc giam 1a
do két tua chi sunphat dén khi dat diéu kién can bang.

Tir cac két qua nghién ciru qua trinh phong hoa oxi héa trong diéu kién quing thai
chacopyrit dé ngap nudc va 16 thién (diéu kién thAm/xung nudc) cho thay trong diéu kién
ngap nudc, luong Fe, Cu, Pb, As gidi phong ra moi trudng nude chi xay ra trong khoang
hai tudn dau v6i ndng d6 khong cao (dudi 51 ppm); sau d6 dat can bang & khoang ndng
d6 thap dudi 1 ppm (trir sit 17 ppm). Nhu vay ¢ diéu kién ngap nudc, quing sunphua
nghéo c6 thé duoc bao quan lau dai ma it anh huong dén moéi trudng. Trong khi d6 néu
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quing thai sunphua dé 16 thién, c6 kha ning s& bi phong hoa oxi hoéa manh liét. Trong
khoang thoi gian du dai khoang sunphua kim loai c6 thé bi chuyén hoa hoan toan thanh
cac san pham dé dang van chuyén ra khoi béi thai gdy 6 nhiém méi trudng dat va nudc
xung quanh.

4. KET LUAN

Tir cac két qua nghién ciru trén hé thng thiét bi mé phong qua trinh phong hoéa tu
nhién bai thai chancopyrit d cho thdy rang bao quan trong diéu kién ngap nudc s& han
ché duoc rat nhiéu kha nang kim loai Fe, Cu, Pb, As c6 trong quang, dac bi¢t 1a cac kim
loai c6 tinh doc hai cao nhu Pb, As ra méi truong. Nguoc lai néu dé 16 thién, kha nang
phong héa xay ra rit manh do sy tuong tac manh ciia quang véi oxi khong khi, cac kim
loai c6 thé duoc chuyén hoa hoan toan thanh cac dang c6 mirc oxi hda cao va di vao méi
truong & dang tan, sau d6 thuc hién cac qua trinh thuy phén, két taa tich lity lai trong
bun, dat, trAm tich; vao moi truong nude & dang cac chat tan. Qua trinh nay c6 kha ning
gdy 6 nhiém moi trudng rat 16n, anh hudng truc tiép dén hé sinh thai va strc khoe cong
ddng dan cu quanh khu vyc khai thac.
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STUDY THE POSSILITY OF LIBERATING Fe, Cu, Pb AND As

FROM THE WASTE CONTAINING ORE COPPER SULFUR
(CHALCOPYRITE)

Le Thi Hoa, Vu Van Tung, Nguyen Thi Ngoc Mai, Le Van Khoe, Vu Thi Ha Mai

ABSTRACT

The process releasing Fe, Cu, Pb, As from copper sulfide ore (chalcopyrite) was

studied on the model imitated natural weathering process in flooding and pulse

conditions. The experimental results show that, the releasing rate of Fe, Cu, Pb, As and

other weathering products in pulse condition was higher than those in flooding condition

and

ions

the weathering evolvement in those conditions was different.The presence of other
in the environment influenced on heavy metals behavior with different levels

according to mechanisms mainly of precipitation, co-precipitation, adsorption and ion

competition. This paper may contribute to clarify the mechanism of Fe, Cu, Pb, As

pollution in water, top soil and sediment accumulating in the mining and vicinity areas.

Keywords: Heavy metal, ore sulfur.
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