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Vién c6ng nghé Xa Hiém
Tom tat San pham ZnO san xuét theo phuong phap hoan nguyén oxy hoa phu
thudc rat nhidu vao chat luong nguyén liéu dau vao. Ham lwong ZnO trong san
pham s& giam manh khi trong nguyén liéu c6 chira cac mudi halogen do qua trinh
tao cac halogenua cta Zn, Pb trong san phdm. Trong qua trinh hoan nguyén dxy
hod, cd Zn va Pb cung bi hoan nguyén 6xy hoa nén mot lugng 16n Pb cé trong
nguyén lidu s& di vao san pham ZnO thu dugc. Do kha ning oxy hoa ciia Pb tao
thanh PbO kém hon so v&i Zn nén ham luong Pb trong san phim ZnO theo
phuong phap hoan nguyén 6xy hoa thuong nho hon chut it so v6i ham lugng Pb
trong nguyén liéu dau. Trong trudng hop trong nguyén li¢u dau vao c¢6 ham lugng
clorua cao nhu trong cac xi kém phé lidu cong nghiép thi qua trinh bay hoi Pb &
dang PbCl; cang d& dang hon nén thdm chi ham luong Pb trong san pham co thé
xap xi vi ham luong Pb trong nguyén liéu. Vi nhiing 1y do néu trén, mot trong
nhitng muc tiéu dau tién ciia cong nghé san xuit ZnO theo phuong phap hoan
nguyén 6xy hoa 1a giam thiéu ham luong Pb sao cho lugng Pb trong nguyén liéu
truéc khi dua vao 10 hoan nguyén 6xy hoa gan bang ham luong Pb yéu cau dat
dugc trong san pham.

Abstract: The quanlity of zinc oxide produced by American process (reduction-
oxidation process) depends on the quality of raw materials. ZnO content in the
product will be decreased if the raw materials contain halogen salts because of the
formation of Zn, Pb halides. In this process, both Zn and Pb in the raw materials
will be affected by the reduction-oxidation process so a large amount of Pb in raw
materials will go into the ZnO products obtained. Due to the oxidation of Zinc is
easier than the oxidation of Lead, the content of Pb in the ZnO products by this
method is usually slightly smaller than the Pb content in the raw material. In the
case of inputs with a high chloride content in the zinc slag, the evaporation Pb as
PbCl, much easier, so the Pb content in the ZnO product will be as high as Pb
contain in raw materials. For the reasons mentioned above, one of the first stage
of ZnO production line by reduction-oxidation method is to reduce the amount of
Pb in the raw materials near with Pb content required in the zinc oxide products to
achieve the product.

I. Xt ly tach loai chi

Viéc tach loai Pb duoc thuc hién trén co sd phan tng clo héa caa Pb, PbO véi cac mudi
clorua tao ra san pham mudi PbCl, bay hoi. Khi d6t ndng ¢ nhiét do cao cac mudi clorua cua
Pb s& thoat ra khoi hé phan tng, két qua sau qua trinh tach loai ta thu dugc nguyén liéu chira
k&m véi ham luong Pb thap.

Qua trinh tach loai Pb theo phuong phép bay hoi mubi clorua gitip ta dong thot giai
quyét ca hai nhiém vu quan trong nhat 1a giam thiéu ham luong Pb va ham luong mudi clorua
trong nguyén liéu ma qua trinh hoan thién céng nghé can thuc hién dé san xuét ZnO 98,5%.



I.1. Tach loai Pb trong phong thi nghiém.

Céc phan tng chinh cua qué trinh tach loai Pb dugc biéu dién bang cic phuong trinh
phan trng sau:

2NaCl + PbO + 2SiO, + Al,O3 = PbCl,1 + 2NaAISiO, 1)
2NaCl + PbO + CO, = PbC|2T + Nay,COs3 (2
2NaCl + ZnO + CO, =2ZnCl,t + Nap,COs 3

Theo [9], phan tng (1) xay ra & nhiét do 900-1000°C, thai gian phan ung khoang 90
phut, nang lugng hoat héa cho phan tng (1) la 175 k/mol, cac phan ung (2) va (3) c6 the xay
ra & nhiét do thap hon (800-1000°C).

So dd hé thng thiét bi nghién ctiu qué trinh tach loai Pb trong nguyén lidu xi kém duoc
xay dung nhu miéu ta trén hinh 2-1.

1. Nguyén li¢u va hoa chat cho thi nghiém:
- Xi kém: xi kém phé liéu sau khi duoc siy kho & 105°C. Mdi mé thi nghiém 200g.
Thanh phan héa hoc trong xi noi nhu sau: Zn 67%, Pb 1,6%, Cl 6,2%, SiO, 4%, Fe
1,3%, Al,03 1,8%);
- NaCl (99%) loai muéi an thuc pham;

2. Thiét bi: 16 nung dang éng 1200°C.

Lo 6ng
Khéng khi /
—_—— / 800-1000°C

Binh dwoc lam mat dé
thu hoi muoi bay hei

Nguyén liéu xi kém

Hinh 1. So d6 thi nghiém tach Pb trong 10 tinh

3. Tién hanh thi nghiém: Trong thiét bi nung tinh, nguyén liéu xi kém duoc phdi tron déu
v6i NaCl theo cac ty luong xac dinh sin cho tung thi nghiém, sau d6 dugc nung dén
nhiét 6 can thiét. Cac chét khi tao ra khi nung duoc thu lai trong hé théng thu hdi. Dya
trén céc tai lieu tham khao[19, 25], khoang nhiét d6 phan ung duoc khao sat tur 800
1050°C, thoi gian phan tmg dudi 120 phiit.

Két qua thi nghiém duoc trinh bay trong bang 2-1.

Céc @6 thi biéu dién két qua cac thi nghiém khao sat qua trinh téach loai Pb trong nguyén
liéu xi kém duoc trinh bay trén céc hinh 2-2, 2-3 va 2-4.

Sau qué trinh xu 1y trong 10 tinh, luong kém thu dugc trong nguyén li¢u sau khi xtr ly
thuong dat khoang 95-99% so véi tong lwong kém Zn trong nguyén liéu dua vao. Mot phan
kém bi clo hoa cting v6i qué trinh clo hod chi tao ra cac san pham bay hoi 1a ZnCl; va PbCl,
thoat ra khoi khdi phan tng va duoc thu hdi trong binh tam giac c¢6 1am mat.



Két qua thi nghiém cho thiy qué trinh tach loai Pb trong 10 nung tinh dat hiéu qua tHt.
Khi ting nhiét do, téc do cua qué trinh tach Pb trong khdi phan tng ting manh. Luong Pb

tach khoi khdi phan g dat dén trén 80% & khoang thoi gian phan mg dat 90 phut.

Khi thoi gian phan Gmg dat 120 phit, ngay ca & nhiét d6 800°C (14 nhiét d6 thi nghiém
thap nhat _trong khoang nhiét d6 khao sat), luong Pb trong san pham sau phan tmg hoan toan
dat yéu cau cho qua trinh san xuét san pham ZnO c6 ham luong Pb thap

Bang 1. Két qua thi nghiém tach Pb bang phuong phép clo hoa

Kyhigu | Thinhphdn | Nhigtdp Thoi gian phan umg, phit
mau mau, % phinimg | 15 | 30 | 45 | 60 | 75 | 90 | 105 | 120
850 2652522171311 |07 055
Zn 67,5
900 26 | 24 |205| 15 | 11|09 |0,65|0,55
Pb 2,70
M1 950 26 |22 185|122 |085| 0,7 |055| 0,4
Cl6,1
1000 255(215(1,75/1,05| 0,7 [055| 05 | 0,4
Pb 3,6 850 355| 33|27 |23|155[1,05| 0,9 |0,85
Vo Cl6,2 900 355(325(255| 22 (155 1 | 08|08
Zn 67,0 950 353225201409 ]08]|07
1000 35 (31 |24|191]095/085/|075]| 0,7
Pb 3,6 850 355| 33|27 |235/|155| 08 |055]| 0,5
Vi3 Cl6,2 900 355(325(255| 22 |155| 08 |055]| 0,5
Zn 67,0 950 35 (32 |25| 2 | 14|07 |05 |045
3%NaCl 1000 35 (31 |241|19(095| 0,7 |045|045

Qua céc tai liéu tham khao [19] va cdc thi nghiém theo so' dd hinh 2-1 ta thy, cing v6i
qué trinh clo hod chi, kém ciing bi clo hod. Luong kém bi clo hoa thuong cé khoi luong lon
hon so véi lugng chi. Vi qua trinh tach loai Pb thuong kém theo qua trinh bay hoi ZnCl, nén

van d& thu hoi hon hop chat khi thoét ra khoi 16 sau phan tmg clo hoa can dugc quan tim.

Khi ham lugng Pb trong nguyén li¢u thip (thi nghiém 1, do thi hinh 2-2), qua trinh tach
loai Pb rat hi¢u qua..




Khao sat qua trinh tach loai Pb,
Mau M1 : Pb 2,70% Zn67,5% Cl6,1%
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Hinh 2. Khao sat qua trinh tach loai Pb (mau 1).
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Khao sat qua trinh tach loai Pb
Mau M2 : Pb 3,6% Zn 67,0% Cl 6,2%
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Hinh 3. Khao sat qua trinh tach loai Pb (mau 2).

Trong trudng hop ham lugng Pb cao, mic du thoi gian phan tmg kéo dai dén 120 phiit,
ngay ca ¢ nhi¢t do IOSOOC (la nhi€t dg cao nhat trong khoang nhiét d¢ khao sat) thi lugng Pb
trong khoi phan tmg van chua dat yéu cau (thi nghiém 2, d6 thi 2-3). Hién tugng nay co thé
giai thich bang viéc luong mudi clorua trong khdi phan tng d bi phan huy hét nén _khong con
da mubi clorua cung cap cho qua trinh clorua hoa Pb. Trong truong hop nay, can bo sung
thém mudi clorua vao khdi phan ting dé bd sung tac nhan clorua hoa cho phan mg nhu trong
mau thi nghiém 3 (dd thi 2-4).

Tir cac két qua thi nghiém ta thiy rang, khi bd sung thém clorua ¢ dang mubi NaCl,
hiéu qua tach Pb ting 1én mic du lugng clo trong nguyén liéu ban dau rat 1on so voi ham
luong Pb trong nguyén ligu.



Khao sat qua trinh tach loai Pb
Mau M3: Zn 67%, Pb 3,6%, Cl 6,2% cd bd sung thém 3%NaCl
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Hinh 4. Khao sét qua trinh tach loai Pb (miu 3)

Diéu nay c6 thé cho ta thay khong phai tat ca cac clorua déu ¢ dang hop chét clorua chi
va k&m ma chung con ton tai & mot s6 dang khac nira. Khi nhiét do ting cao, cic mudi clorua
d6 sé& bi phan huy va mot phan thoat ra khoi khbi phan tmg lam cho luong clorua con lai trong
khdi phan tmg khong du dap tmg cho qua trinh clorua hoa Pb. Mudi NaCl c¢6 nhiét do néng
chay khong cao (801°C) nhung c6 nhiét dd nong chay cao (1465°C) nén tac dung clo hoa Pb
rat hiéu qua vi n6 khong bi bay hoi hodc phan huy nhiét ¢ nhiét 4o phan ung. Céc thi nghiém
sir dung mudi amon clorua NH,4CI 1am tac nhan clorua hoa (khdng néu trong bao céo nay)
khong mang lai hiéu qua nhu NaCl. Diéu ndy c6 thé giai thich bang viéc phan hiy sém ctia
amon clorua.

i Viéc tinh toan b,(x) sung hr()’ng mudi N?CI duoc ‘Einh toan theo [179,25]. Céc thi nghiém
kiém ching dé cho thay luong mudi NaCl can dugc bo sung sao cho tong lugng clorua trong
khoi phan ing bang khoang 3 lan vé khoi lugng so vai ham lugng Pb trong nguyén li¢u dau.

Qua cac s6 liéu thuc nghi¢m khdo sat qua trinh tach loai Pb trong 10 tinh cé thé dua ra
cac nhan xét sau day:

1) Qua trinh tach loai Pb trong 10 tinh dat hiéu qua tét ¢ nhiét do trong khoang 800—
1000°C, thoi gian duy tri nhiét d6 phan trng 1a 90 phaut.

2) Trong xi kém phé liéu, cic mudi halogen (cu thé 1a mudi clorua) con ton tai & nhiéu
dang véi céc cation khéac, cdc mudi nay bi phan huy va thoat Clo ra khoi hé phan g
trudc khi tham gia phan tng voi Zn va Pb.

3) V&i phuong phap Clo hoa, ta co thé giam thiéu ham luong Pb trong nguyén liéu xi
kém dén ham luong 0,4%. Diéu ndy cho phép sir dung phuong phap clo hoa dé tach
loai Pb trong cac loai nguyén liéu xi k€m c6 ham lugng Pb cao, phuc vu cho qué trinh
hoan nguyén 6xy hoé thu kém oxit c6 ham lugng tap chat Pb thap.

4) Luong Clo c6 trong nguyén liéu xi k&m ban dau thuong du dap tng cho qua trinh clo
hoa d6i véi cac nguyén liéu c6 ham luong Pb 1,5-2,0% nén khdng can phai b sung
céc tac nhan clo hod (mudi clorua natri, clorua amoni...). Khi ham lwong Pb trong xi
k&m cao thi can phai bd sung mudi clorua dé cung cap tac nhan cho phan ung clo hoa.

5) Qua trinh tach loai Pb kém theo qua trinh tao c4c san pham clorua bay hoi nén ddng
thoi voi qua trinh tach loai Pb chung ta cling loai dugc clo ra khoi nguyén liéu xi kém.
Nhu v@y phuong phap nay c6 thé cung ldc giai quyét ca hai vin d& quan trong nhét
ctia qua trinh chuan bi nguyén liéu cho san xuit ZnO theo phuong phap hoan nguyén
oxy hoa.



6) Nhiét do thich hop cho qua trinh clo hoa trong khoang 900- 1000°C, thoi gian duy tri
& nhiét @6 phan ung la 75-90 phut.

I.2. Khéo sat qué trinh tich loai chi trong 16 quay thi nghi€ém.

Dé xir 1y tach loai tap chét trong qua trinh phan tng rdn-rin mot cach hiéu qua, giai phap xu
1y trén 10 quay cho phép ting kha ning tiép xuc giita tac nhan phan Gmg vdi tap chét can tach
loai, ddng thoi qua trinh phan tng trong 160 quay cho phép dao tron khdi phan tng lién tuc,
tang bé mit thoat khi nén hiéu qua phan tng s& duoc cai thién. Diéu nay cho phép:

e Giam thoi gian xu ly;
e Tang hi¢u qua tach loai chi.

Viéc khao sat kiém ching cac thong sd qua trinh trén 16 tinh va xac lap cac thong sb tdi
uu da dugce thuc hién trén 10 quay thi nghiém:

e Hg¢ thong gia nhiét: cap nhiét bang day dién trd phia ngoai than 16 c6 diéu khién nhiét
do;
e Kich thudc: duong kinh 16 D = 200 mm, chiéu dai than 16 L = 1000mm;
e Tbc d6 quay: 3 vong / phut.
Bang 2. Hi€u qua tach loai Pb trong 16 quay thi nghiém

Thanh Ky | Nhiét d6 Thoi gian phan (g, phit

phan hiéu phéan
miu, % | miu | Umg, oc 15 30 45 60 75 90 105 | 120
Zn 67,5 850 260 |225| 165 | 12 | 105 | 0,7 0,5 0,4
Pb 2,70 M1 900 250|195 145 | 095|080 | 0,6 0,5 0,4

Cle,1 950 255 | 1,8 1,3 08 | 065|055 | 04 | 04

Pb 3,6 850 35029 | 245 | 1,75|100 | 0,75 | 05 | 0,45

Cl 6,2 M2 900 345|275 240 | 155| 08 | 055 05 | 0,40
Zn 67,0

950 345 | 25 | 220 | 14 | 0,7 0,5 | 0,45 | 0,40

NaCl 3%

Céc két qua khao sat qua trinh tach loai Pb bang 1o quay thi nghiém duoc trinh bay
trong bang 2-2. Day 1a cac thi nghiém kiém ching cac thong sO da xac 1ap trong cac thi
nghiém 16 tinh, dong thoi do diéu kién thiét bi han ché nén chung t6i chi tién hanh phan tng &
cac nhiét do thép (<950°C).

Cac két qua khao sat cho thay cac két qua nghién ctru trén 16 tinh 1a phu hop. Ty I¢ tac
nhan va nhiét do xtr Iy can phai git nguyén nhung cho phép rat ngan thoi gian phan ting.

Do thi trén hinh 2-5 cho ta so sanh thdi gian phan tng tach loai Pb khi str dung 16 quay.



Sosanh qua trinh tach loai Pb trong 10 quay va lo tinh
M&u M1 : Pb2,70% Zn67,5% Cl6,1%
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Hinh 5. So sénh hi€u qua tach loai Pb trong 10 quay va 16 tinh.

Tir bang 2-1 va 2-2 ta c¢6 thé so sanh hiéu qua tach loai Pb trong 10 quay va 10 tinh. Hinh
2-6 13 so sanh hiéu qua gitra hai loai 10 & nhiét do 850°C va 950°C khi xur 1y mau M1 ( Zn
67,5%, Pb 2,70%, CI 6,1%).

Véi thoi gian xir 1y rat ngan hon 15 phit so voi 10 tinh, cho phép tach loai Pb hiéu qua
cac nguyén lidu phé lidu cong nghiép chira kém ciia nganh cf)ng nghiép ma nhing kém n(')ng
chay v6i ham lugng Pb = 1-3%. Budce xtr 1y nay cho phép giam ham luong chi xudng t6i gia
tri < 0,50 % va dam béo tiéu chuan nguyén liéu cho qua trinh diéu ché ZnO 98,5% v&i ham
luong chi thap phuc vu cho nganh cong nghiép cao su.

.3. T4ch loai Pb trong thiét bi 10 quay.

Trén co s& cac thi nghiém trén 10 nung tinh va 16 quay thi nghiém, chung t6i da thiét ké
va ché tao 10 quay phuc vu cho qué trinh nghién ciru san xuat thar nghiém (Xem phu luc 6.1)
Hinh 2-6 1a so d6 hé thdng 10 quay phuc vu cho qué trinh san xuat thir nghiém.
Pau dbt (1) duoc lap thong qua budng dbt phu (2). Nhién liéu sir dung 1a dau diesel, cong suat
dau dét 33 kg dau/h. Lo quay (3) duoc 16t gach chiu lua, tbc do quay 4-8 phit/vong. Nguyén
liéu duoc nap vao 10 quay théng qua budng dbt phy, lwong nguyén liéu téi da cho 1 mé la 700
kg (ty trong 1,5).

HE THONG LO QUAY KEM THIET BI XU LY KHi BUI

Hinh 6. So d6 hé théng 16 quay va thiét bi xi ly khi sau 10.



Budng ling (4) c6 tac dung thu bui so bd. Khi sau 10 gém cd cac clorua kim loai (Zn,
Pb) va khi chay nhién liéu duoc hit qua hé théng éng dan (5) bang thép khong ri (SUS 304)
xtr 1y khi (6) nho quat hat (7). Khi di qua hé théng xir 1y khi bui (6), khi sau 16 duoc hap thu
bang nuéc. Khdng khi sau khi qua hé théng xur 1y khi dugc hut tiép qua hé thong loc tai dé thu
bui triét dé trudc khi thai ra ngoai.

Tai buong lang trung gian (4), mot lugng nhiét rat lon duoc dong khi mang theo. Nhiét
do tai cura vao cua bUOng (4) 1a 500 — 600°C tai ctra ra la 300 — 400°C. Mot giai phap tan thu
nhiét dé sdy kho san pham sau khi rira mudi tan bang hé thong éng trao ddi nhiét da duoc thiét
ké. V6i luu lugng quat théi khi 500 m3/h, nhiét do khong khi ra khoi hé théng dat 150°C. Ban
vé thiét ké hé thdng trao d6i nhiét tai buéng ling trung gian dwoc trinh bay trong phan phu luc
6.3.

Hinh 2-7 1a thiét bi 10 quay sir dung cho viéc xtr ly nguyén li¢u xi kém truée khi dua
vao 10 hoan nguyén 6xy hoa.

Hinh 7. L0 quay xt ly nguyén liéu

C4c s6 liéu thi nghiém trén hé théng 1o quay dugc trinh bay trong bang 2-3.
Qua qua trinh van hanh thur nghiém cho thay san pham sau 16 quay c6 ham luong Pb
duogc giam thiéu dat yéu cau cuaa qua trinh hoan nguyén 6xy hoa thu ZnO chat lugng cao.

Bang 3. Mot sb két qua thir nghiém tach loai Pb trong 10 quay.

_ ) Phéi lié/” S4n pham sau 10 quay
Nhiét | Thoi . . . . . ‘.
T do, gian, Thanh phan, % Khoi Thanh phan, % Khoi
0, p Iuong, Turong,
Co|phit | 7. | pp | cl )(gg zn | Pb | cl kgg

800 105 | 67,0 3,6 6,2 500 68,8 | 0,50 2,5 480

850 75 67,0 3,6 6,2 500 68,2 0,5 2,7

850 90 67,0 3,6 6,2 500 71,2 | 0,45 | 1,40 463

900 60 67,0 3,6 6,2 500 679 | 1,14 2,3

g W IN e

900 75 67,0 3,6 6,2 500 68,3 | 0,40 1,6

6 900 90 67,0 3,6 6,2 500 685 | 0,40 | 1,15 482

O phéi ligu 18 xi kém cé tron thém 3% NaCl,




Qua bang sé liéu tha nghiém trén 10 quay ta c6 thé rat ra mot s nhan xét:

Céc két qua thir nghiém trén 10 quay 1a phii hop vaéi cac thi nghiém da duoc tién hanh trén
16 tinh va 10 quay thi nghiém. _

Mic du nguyén liéu xi kém c6 ham lugng Pb kha cao nhung van c6 thé giam thiéu Pb dén
gia tri cho phép (0,4-0,5%) cho qué trinh san xuat ZnO 98,5% theo phuong phap hoan
nguyén 6xy hoa.

Nhiét do phan &ng thich hop trong khoang 850-900°C; thai gian phan tng thich hop vao
la 75-90 phat.

C4c tinh toan can bang vat liéu dua trén cac sb liéu thuc nghiém trong bang 2-3 cho thiy
lwong kém bi ton that vao khoang 1- 2%.
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