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Abstract: This research presentsthe a preparation process of zinc solution for zinc
electrowinning in alkaline mediumto recover metallic zinc powder. The process consists
of: 1) Preliminary treatment for reduction of chloride content in the raw materials before
alkaline leaching; 2) Leaching of zinc by using NaOH solution. 3) Removal of impurities
such as Pb, Cu, Cd etc. that affecting the electrolysis process.

The raw materials used for this research has the composition Zn 69,6%, Fe 0.1%, Pb
2.1%, Cu 0.01%, Cd 0.015%, CI 5.2%.

After thorough research, the technological parameters obtained for preparation of the
electrolyte solution are as follows: The raw materials was twice washed with NaOH
solution (or at pH = 10), solid/liquid ratio = 1/10 (kg/L), leaching time 120 minutes at
temperature normal. The leaching process was caried out by using NaOH 6M (solution of
240qg/1), solid/liquid ratio = 60/1 (g/L). leaching time 90 minutes at temperature normal,
recovery efficiency > 98%.

The leaching solution has a zinc content of 45g/1, chloride 0.15g/l. The othersimpurities
were removed by different agents: Pb can be separated by precipitation with Na,S, some
other metal impurities such a Pb, Cu, Cd, etc., can be thoroughly remove by using metallic
zinc powder.

Key words: low-grade zinc oxide, zinc powder, EAFD, chloride removal, zinc
electrowinning, alkaline medium.

Tém tit: Bao céo trinh bay qua trinh chudn bi dung djch kém trong méi truong NaOH dién phan
thu hoi kém kim logi bao gom: 1) xit Iy so' bé nguyén liéu, giam ham lheong muai clorua trong
nguyén liéu truée khi hdatach kiem; 2) Hoa tach kém véi tac nhan NaOH thu dung dich kém; 3)
tach logi cactap chat (Fe, Pb, Cu, Cd...) trong dung dich c6 dnh huwéng dén qud trinh dién phan.

Nguyén liéu kem 6xit cho qua trinh nghién cizu c6 thanh phd‘n Zn 69,6%, Fe 0,1%, Pb 2,1%, Cu
0,01%, Cd 0,015%, CI 5,2%.

Sau qud trinh nghién cizu khdo sat, cac thdng sé cong nghé nhue sau: Nguyén liéu dwoc ria hai
lan bang dung dich NaOH (¢ pH = 10), ty 1é ran / long = 1/10 (kg / L), thei gian 120 phiit ¢ nhiét
dé binh thuwong. Sau d6 dwoc hda tach bang dung dich NaOH 6M (240 g/l), ty Ié ran / long =
60/1 (g /L), thoi gian 90 phit & nhiét dg thurong, hiéu sudt thu hoi kem > 98%.

Dung dich sau hoa tach ham heong kém 45g/1, clorua 0,25g/1 va cac tap chat Pb, Cu, Cd trong
do Pb chiem ham luong lon hon nhieu do kha nang hoa tan cua chi trong NaOH tot hon cdc kim
logi khac. Viéc khdo sét tach logi cac tap chat chi yéu la tach logi Pb, cac ion kim logi khac Cu,
Cd sé tach logi dong thoi trong qua trinh tach logi Pb. Sat hau nhuw khéng bi hdatan trong dung
dich NaOH 6M nén khéng can phdi khao sat tach logi Fe trong dung dich. Si dung Na,S hodc
bét kém kim logi dé tch logi triés dé céc tap chat Pb, Cu, Cd trong dung dich.

Tirkhoa: kém oxit, bt kem kim logi, bui lo thép (EAFD), dién phan kém, méi trueong kiém.



1. MO DPAU
1.1. Muc tiéu nghién ciru

Nghién ciru nay phuc vu cho qué trinh chuan bi dung dich dién ly cho qua trinh dién phan
thu hoi bot kém kim loai tir moi truong kiém. Phuong phap dién phan kém trong méi truong
kiém c6 2 giai doan co ban: hoa tach kém va tach loai cac tap chat trong dung dich, dién phan
thu hoi kém & dang bot kém kim loai. Trong dé giai doan hoa tach k&m va tach loai cac tap chat
trong dung dich dong vai tro quan trong quyét dinh dén chat lwong san pham bot kém kim loai,
hiéu suit dong di¢én ¢ giai doan dién phan. Giai doan di¢n phan kém trong méi truong NaOH
dat hiéu qua cao khi dung dich dién phan c6 ham lugng NaOH 5-6M, ndng d6 k&m trong dung
dich 40-50g/1, ham lwgng cé4c tap chat Pb, Cu, Cd rat thap [1].

1.2.  Péi twong nghién ciu

Hién nay trong nudc ngudn oxit kém chat lwgng thap kha nhiéu véi gia thanh ré do con
chira nhiéu tap chat va &tng dung cua nd trong cong nghiép rat han ché. Béo cao nay thuc hién
cac nghién ctru mau tir nguon kém 6xit chat lugng thap thu hdi tir qua trinh tai ché bui 16 hd
quang luyén thép (bui EAF) bang phuong phap hoa luyén c6 thanh phan nhu sau: Zn 69,6%,
Pb 2,1%, Fe 0,1%, Cu 0,01%, Cd 0,015%, CI 5,2%.

Béo céo trinh bay cac két qua nghién ciru giai doan so ché nguyén liéu, hoa tach kém oxit
va tach loai cac tap chat Pb, Cu, Cd,...trong dung dich bao gém: 1) Xt Iy so bd nguyén liéu,
giam ham luong mudi clorua trong nguyén liéu chira kém trudc khi hoa tach; 2) Nghién cau
cac yéu t6 anh huong dén quéa trinh hoa tach kém trong méi trudng NaOH ndng do cao, tach
loai c4c tap chat (Pb, Cu, Cd...) dé chuan bi dung dich dién ly cho giai doan dién phan thu hoi
k&m trong moi truong NaOH.

1.3. Co'sé ly thuyét
1.3.1. Xir ly nguyén liéu ban dau, tach loai clorua

Cac nghién ciu chi ra rang véi ham lugng clorua trong dung dich dién phan trén 20g/I
mai anh huong dén hiéu suit dong dién (CE) caa qua trinh dién phan. Tuy nhién, lwong clorua
trong dung dich di¢n phan sg tich Iily va tang dan do viéc tai st dung dung dich sau di¢n phan
dé hoa tach nguyén licu chwra kém. Vi vay, qua trinh xu 1y nguyén li¢u can giam ham lugng
clorua xuéng mirc thip nhat c6 thé véi muc dich ting so Ian tai st dung dung dich NaOH sau
dién phan. Trong nguyén liéu ban dau, clorua chu yéu ton tai & dang mudi clorua cua kém
(ZnClz) va mot phan nho FeClz, FeCls, PbClz viée rira nguyén ligu bang nudc ¢6 thé lam giam
ham lugng clorua trong nguyén li¢u nhung qué trinh xdy ra cham va lam mat kém & dang muoi
tan k&m clorua do vay can sir dung NaOH két hop diéu chinh pH dé lam tang hiéu suat rira
clorua va giam ham lugng Zn,Pb trong nuéc nra. [1,4]

Phan trng hda hoc xay ra trong qua trinh rira nguyén liéu

ZnCl2 + 2NaOH — Zn(OH)2| + 2NaCl 1)

PbCl> + 2NaOH — Pb(OH)2| + 2NaCl )
1.3.2. Hoa tach kém bang tac nhan NaOH

Qua trinh hoa tach kém bang NaOH c6 tinh chon loc cao, dung dich hoa tach c6 thanh
phan chinh 12 k&m ton tai ¢ dang Zn(OH)42", tap chat cha yéu Pb, Cu, Cd,...[2,3]. Cac tap chat
Fe, Mn trong nguyén liéu hiu nhu khéng tan trong méi trudng NaOH ndng do cao.

Céc phan &ng xay ra trong qua trinh hoa tach:

ZnO + 2NaOH + H20 — Na2Zn(OH)s ?3)

PbO + 2NaOH + H20 — Na2Pb(OH)4 4)

Tur cac phuong trinh phan @ng trén cho thay nong d6 NaOH rat quan trong trong qué trinh
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hoa téch k&m, néu ndng do NaOH thap thi higu suat hoa tach thap va nguoc lai. Nong do NaOH
phai du cao dé keém trong dung dich ton tai ¢ dang [Zn(OH)4]? tranh hién tuong thuy phan tao
két tta Zn(OH)2|.

1.3.3. Tach loai tap chat

C4c tap chét chinh trong dung dich sau hoa téch 1a Pb, Cu, Cd trong d6 Pb c6 ham luong
I6n hon nhiéu so vé&i cac kim loai con lai nén duoc xem nhu nguyén td chinh dé tach loai ra
khoi dung dich chira kém, ndng do Cu2*, Cd2* rat nho so véi ndng do Pb2* nén trong qua trinh
tach loai ciing sé€ duoc tach ra khoi dung dich cung Pb. Qué trinh tach loai va lya chon tac nhan
tach loai cac tap chat rat quan trong, anh hudng truc tlep dén qua trinh dién phan thu hoi kém
kim loai sau nay. Lwachon tac nhan tach loai can dwa vao cac yéu td vé hiéu suat tach loai va
han ché thém céc ion la vao dung dich. Mot s6 tac nhan tach loai dam bao duoc 2 yéu to trén
natri sunfua, bot kém kim loai [5].

Natri sunfua: trong cong nghé hoa hoc, natri sunfua duoc sir dung dé tach loai cac ion
kim loai c6 trong dung dich & dang keét tia S%- dic biét la PbS ( Teps 9,04.10-29)[5].

NazS — Na* + S2- (5)
Pb(OH)4% + S2- — PbS| + 40H- (6)
Khi da két taa hét Pb2* trong dung dich va NazS du:

Zn(OH)4?" + S2- — ZnS| + 40H" @)

'Kémkim loai: st dung botkém kim loai dé tach loai tap chét dyatrén co s¢ cac cation
c6 thé dién hod tiéu chuan duong hon thé dién hoa cua kém sé bi k&m kim loai day ra khoi
dung dich dudidang bot kim loai.

M2+ +7Zn — Zn 2*+ M|, & day M: Cu?*, Pb?*, Cd?* 8)
2.  KETQUA THUC NGHIEM THAO LUAN
Céc thi nghién duogc thuc hién nhu sau:

Nguyén liéu: k&m dxit chat lugng thap thu hoi tir qua trinh tai ché bui [0 thép (bui EAF)
bang phuong phap hoa luyén.

May khuay véi tée d6 cb dinh 400 vong/phat

Ap suat: &p suat khi quyén

Tach loc rin — long: lang loc so bd va loc hat chan khéng
Cac thdng sb can khao sat:

Dung dich hoa tach: NaOH néng d¢ tir 5-8M

Thoi gian hoa tach

Nhiét do hoa tach

Ty 1é rin/long (gam/lit)

Tac nhan tach loai: Natrisunfua va bot kém kim loai.

Ham luong clorua trong ba va trong dung dich dwoc xac dinh bang dung dich AgNO3
0,025M. Ham lugng Zn, Pb trong nguyén li¢u, trong dung dich hoa tach va trong ba sau hoa
tach dgqc xac bang dung dich EDTA 0,05M. Céc tap chat khac nhu Cu, Cd, Fe... dugc Xac
dinh bang ICP-OES.

2.1. Téch loai clorua trong nguyén li¢u chira kém

~ Céc thi nghiém duoc thyc hién trong cdc thay tinh 1000ml, sir dung nuée cat 1 1an, méy
khuay cé toc d6 ¢o dinh 400 vong/phut, may do pH (+0,05), str dung dung dich NaOH dé dieu
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chinh pH.
Bang 1: Thanh phan (%) caa Zn, Pb, Cl va mét sé tap chat khac trong mau thi nghiém.

Zn Fe Pb Cu Cd Cl
Thanh phin (%) 69,6 0,1 2,1 0,01 0,015 5,2
Két qua thi nghiém dugc trinh bay o cac d6 thiday (Hinh 1 va 2).
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Hinh 1:Anh huong cuathoi gian vaty 16 ran/long dén hiéu qua tach loai clorua (pH = 10).
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Hinh 2: Anh hudng cua thoi gian hoa tach, pH dén hiéu qua tach loai clorua (ty 1& R/L 13 1:10).

Tir céc két qua khao sét cho thay diéu kién téi wu dé téch loai clorua trong nguyén ligu:
ty 1€ ran/long (R/L) 1:10 (kg/l), pH = 10 su dung NaOH dé dieu chinh pH, thoi gian hoa tach
120 phat, ham lugng clorua trong nguyén li¢u giam tir 5,2% xuong con 0,2-0,3 % (hiéu suat
tach loai clorua dat 94 - 96%).

Bang 2: Thanh phan (%) ciia Zn, Pb, Cl va mot sé tap chat sau khi tach loai clorua.

Zn

Fe

Pb

Cu

Cd

Cl

76,6

0,1

2,2

0,01

0,005

0,25

Thanh phan (%)

2.2. Hoa tach kém bang NaOH
Khao sat hoa tach mau ZnO 99,9%
Céc khao sat hoa tach mau ZnO sach (ZnO 99,9%) dugc thé hién trén hinh 3.
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Hinh 3: Anh huong cua thoi gian vandng ¢6 NaOH dén quétrinh hoatan ZnO 99,9%.

51
zé 50
S 4
o
2 3% & s o
<8- 16 =—4—30°C
2 70°C
o 45 o
> 80°C

a4

30 60 90 120 150

THOI GIAN (PHUT)
Hinh 4: Anh huong cua nhiét do va thoi gian hoa tach dén ndng @6 kém trong dung dich (NaOH 6M).

Tir d6 thi trén hinh 3 va 4 ta thiy, thoi gian hoatach anh huang quan trong dén qua trinh
hoa tan kém oxit, trong khi d6 nhiét d6 it anh huong hon. Khi ndong d6 NaOH tang thi ham
lwong k&m trong dung dich ting, tai gia tri nong @6 NaOH 6M, thoi gian hoa tach 90 phat ¢
nhiét d6 thuong thi nong do kém dat 48g/l (hinh 4).

Céc két qua trén cho thay, c6 the hoa tach kem bing NaOH 6M ¢ nhiét do thuong cho
muc tiéu chuan bi dung dich cho qua trinh dién phan kém trong moéi truong NaOH

Céc khao sat d6i véi miu thuec.

Nguyén liéu chira kém sau khi dugc tach loai giam ham lugng clorua dugc s dung cho
qua trinh hoa tach kém véi tac nhan NaOH. Céc thi nghiém dugc thuc hién trong coc thay tinh
1000ml, nhiét ké kiém soat nhiét do (0,5°C), sir dung nude cat 1 lan, may khudy c6 tc do cb
dinh 400 vong/phit. Céc thdng s6 khao sat: dung dich hoa tach NaOH c6 nong do 6M, thai
gian hoa tach 30-150 phut, nhiét do hoa tach 30°C va 60°C, ty Ié R/L 60/1; 65/1; 70/1 (g/l).
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Hinh 5: Anh huong cta nhiét ¢ va thoi gian hoa tach dén hiéu suat thu hoi kém (R/L = 60/1).

Bang 3: Anh huéng cua ty 16 ran-long (R/L) dén hiéu suét thu hdi kdm (thoi gian 90 phdt, nhiét
d6 30°C).

STT R/L (/) Ham luong Zn (g/l) Hiéu suat hoa tach kém (%)
1 60/1 45 98
2 65/1 47 94
3 70/1 47,5 89

Cac thong sb tir khao sat mau nguyén liéu thyc cho két qua twong ty d6i véi mau ZnO
99,9%. Hiéu suat hoa tach kém dat 98% khi hoa tach mau nguyén liéu voi nong 6 NaOH 6M,
ty 1€ R/L 60/1 (g/l), thoi gian hoa tach 90 phat & nhiét do thuong, dung dich k€m thu dugc cé
ham lwgng Zn 45g/1, ham luong tap chat Pb 0,86g/1, Cu 0,0056g/1, Cd 0,0023g/l.

2.3. Téch loai cac tap chat

Tur két qua phan tich thanh phan dungdich sau hoa tach va phuongtrinh phan ung (5,6,7)
de kh4o sét tac nhan tach loai tap chat NazS va bot kém kim loai dé dua ra cac thong sé téi uu
vé luong tac nhan str dung, thoi gian va nhiét do tach loai.

Dung dich sau hoa tach co chtra cac tap chit Pb, Cu, Cd trong d6 Pb chiém ham lugng
I6n hon nhiéu do kha ning hoa tan ctia chi trong NaOH tbt hon cac kim loai khac, Fe hay nhu
khong bi hoa tan trong dung dich NaOH 6M nén khong can phai khao sét tach loai Fe trong
dung dich. Viéc khao sét tach loai cac tap chat chu yéu Ia tach loai Pb, cac ion kim loai khac
Cu, Cd s& tach loai dong thoi trong qué trinh tach loai Pb.

Téch loai tap chat bang NayS

NazS con tao két tiia véi mot s6 ion kim loai khac trong dung dich sau hoa tach nhu Pb,
Cu, Cd. Ngoai ra, trong dung dich NaOH 6M chi va sunfua co thé ton tai ¢ cac dang ket tua
nhu PbS, NazPb(OH)2S nén khoi lugng Na2S.9H20 chi phi s¢ cao hon Iy thuyét.

Bang 4: Anh huong cia ty 1¢ khéi luong Na,S.9H,O/Pb dén hiéu suat tach loai Pb (thoi gian két
tua 90 phut, nhiét 36 thuong).

Ty 1¢ khéi lwong NazS.9H20/Pb (g/g) | 1,0 | 1,25 | 15 | 1,75 | 20

Hiéu suat tach loai chi (%) 85 95 97 98 99




Hiéu suat tach loai k&m (%) 0,0 0,0 0,0 0,0 1,5

Nhu vay, vai ty I¢ khoi lugng NazS.9H20/Pb = 1,75 qua trinh téch loai Pb trong dung
dich hoa tach dat yéu cau.

Téch loai tap chat bing bt kém kim loai

~ Tir phuong trinh phan g (7) va khéi lugng Pb trong dung dich sau hoa tach 0,869 nén
khoi lugng bot kém kim loai (Zn 98%) toi thiéu theo ly thuyét can dé tach loai Pb 1a 0,277 g.
Bang 5: Anh huong cua ty & khdi lugng Zn/Pb dén hi¢u suat tach loai Pb ( thoi gian phan ung
120 phat, nhiét do thuong).

Ty I¢ khéi Twgng Zn/Pb (g) 035 | 053 | 075 | 088 | 1,05

Hiéu suat tach loai chi (%) 92 95 98 99 99

Dung dich sau khi tach loai tap chat béng Na28.9H20 hozc bot kem kim loai c6 d@ sach

.....

- Cac thong s6 tbi wu cuia qué trinh tach loai tap chat trong nguyén |I¢U sau hoa tach: ty I¢
khoi lwgng Naz2S.9H20/Pb = 1,75 hoac ty I¢€ khoi lugng Zn/Pb 0,75 — 0,88, thoi gian tach loai
90 phut ¢ nhiét do thuong, hiéu suat tach loai tap chat 97 - 99%.

Déi véi cac nghién ctru duoc thuc hién trong phong thi nghi¢m, trong thoi gian tach loai
90 phut hai tac nhan Nazs va bot kem k|m I0a| deu dat yéu cau Cua nghién cau: hiéu suét tach
phat hlen) Vi tac nhan NaS can xac d;nh chinh xac lwong tap chat co trong dung dich qua
do6 sir dung ding ty lwgng NazS (ty lwong NazS.9H20/Pb = 1,75) dé tranh mat mat Zn do tao
két tua ZnS. Vi bot kém kim loai khong can thiét phai dinh lwong chinh xéac ty lwong bot kém
thém vao dung dich, néu sir dung vai ty lugng 16n hon (> 0,75-0,8) thi ¢d thé tai sir dung tiép
cho cac me tach loai tiép theo. Dé tai du kién thyc hién tiép & quy mo san XUt thur nghlem nén
ngoai viéc téi wu ty lugng cia Na2S.9H20 va bot kém kim loai con can tinh dén g|a thanh cac
tac nhan tach, kha ning loc tach ran — Iong va tai sir dung hozc thu hoi b sau qua trinh 1am
sach (chi sunfua va bot kém chi).

Bang 6: Thanh phan nguyén liéu va cac dung dich thu duoc trong qué trinh nghién ctu.

Zn Fe Pb Cu Cd Cl
Nguyén lidu ban dau (%) 696 | 0,1 | 21 0,01 | 0,015 | 52
Dung dich sau hoa téach (g/l) 45 - | 0,860 | 0,0056 | 0,0023 | 0,15
Dung dich sau lam sach (g/l) 45 - 0,002 - - 0,15

3. KETLUAN

V&inguyén liéu c6 thanh phan Zn 69,6%, Pb 2,1%, Fe 0,1%, Cu 0,01%,... qué trinh
téch loai clorua bang tac nhan NaOH cho hiéu qua tét. Vi ty Ié R/L 1:10 (kg/l), thoi gian
khuay tron 120 phut, st dung NaOH dé duy tri pH = 10, hiéu qua tach loai clorua trong
nguyén lidu tir 5,2% xudng con 0,2-0,3 % (dat hiéu sut 94 - 96%). Diéu kién tdi wu dé hoa
tach kém: ty 16 R/L 60:1 (g/l), ndng d6 NaOH 6M, thoi gian hoa tach 90 phat, hoa tach nhiét
d6 thuong, hiéu suat hoa tach dat 98%.

Dung dich sau hoa tach c6 ham lugng cac tap chat Pb 0,869/l Cu 5,6mg/l, Cd 2,3mg/l
duogctach loai bang Na2S.9H20 véity 1€ khoi lwgng 1,5 — 1,75 hodc bang bot k€m kim loai
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Vi ty 1¢ khoi lugng 0,75- 0,88, thoi gian 90 pht & nhiét do thudng, hiéu suat tach loai tap
chat dat 97- 98%. Dung dich thu dwgc sau qua trinh lam sach dat tiéu chuan dé dién phan thu
tai dy kién thyc hién tiép & quy md san xuat thi nghiém nén ngoai viéc toi uu ty luong cua
Na2S.9H20 va bot kém kim loai con can tinh dén gia thanh cac tac nhan tach, loc tach ran —
long va tai st dung hoac thu hoi ba sau qua trinh lam sach (chi sunfuava bét kém chi).
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