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TOM TAT
Bui/bun [0 thép thwong chiza ham lwong kém nhdt dinh, viéc tai s dung bui/bun
c6 luong kem cao se gay ton hai téi reong 10 cao nén logi byi/bin nay phdi diroc xir
Iy dé logi bé kém trwede khi tai sir dung. Hién nay, co rat nhiéu phwong phdp xir Iy
bui/bun luyén thép dé tai sir dung va thu hoi kém nhw phwong phdp thiy luyén va
hoa luyén. Trong cac khu lién hop gang thép hién dai ngay nay, lo day quay (RHF)
thwong dwoc sir dung két hop dé tai ché luwong bun/byi. San phdam thu dwoc 13 sat
khi triec tiep (DRI) 1am nguyén liéu cho nha may thiéu két, 10 cao va kém oxit 1am
nguyén liéu cho cac nganh céng nghiép khdc, lam ting hiéu qua ché bién va giam
nguy co' gdy 6 nhiém méi trong.
ABSTRACT

Steel furnace dust/sludge typically contains a certain amount of zinc, and
reusing dust/sludge with high zinc content can damage the blast furnace walls.
Therefore, this type of dust/sludge must be treated to remove zinc before reuse.
Currently, there are many methods for treating steelmaking dust/sludge to recover
zinc, such as hydrometallurgy and pyrometallurgy. In modern steel complexes, a
rotary hearth furnace (RHF) is often used to recycle the dust/sludge. The resulting
product is direct reduced iron (DRI) which can be used as a raw material for sinter
plants, blast furnaces, and zinc oxide serves as a raw material for other industries,
which increases processing efficiency and reduces the risk of environmental
pollution.
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1. PAT VAN DE

Quy trinh phd bién nhat dé san xuat thép hién nay 1a quy trinh san xuét két hop
gitra 10 cao va 16 thoi oxy (BOF) chiém hon mot ty tin thép dwoc san xuat trén toan
cau (khoang 70% tong luong thép trén thé gidi) [1]. Mot lugng bul/bun BOF duoc
tao ra, chira ham lwong sat cao, duoc coi la ngudn cung cap sat thir cap cho nha may
thép lién hop. Nhung trong bui 10 thép chira kém — kim loai gay hai cho vat ligu chiu
lra trong tuong 10 cao. Do d6, nong d6 kém nap vao 16 cao duoc kiém soat chat chg,
véi mirc cho phép khoang 100-120 g/THM (THM = tan kim loai long). V&i mot nha
may san xuat 10 triéu tan thép long mdi nam, s& c6 khoang 1000 tin k&m duoc nap
vao 10 mdi ndm néu theo dinh muc trén. Do d6, viéc pha lodng bui thép mang kém
Va tai sir dung chiding trong céc quy trinh san xuat thép hién dai 12 khdng thich hop ¢
quy md bén virng. Khéi lugng kém quay tro lai qué trinh san xuét thép théng qua tai
ché thép phé liéu ma kém don gian 1a quéa nhiéu. Hién nay, bui thép dugc xur Iy chu
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yéu bang phuong phap hoa luyén va thuy luyén nhung chi &p dung chinh cho bui 16
cao BF va 10 dién ho quang EAF con bui BOF chira ham luong Zn thap, khong dem
lai hiéu qua Kinh te.

Vigc tai sir dung bui/bin thép nham giam thiu tic dong moi treong va dam bao
tinh kinh té, tinh bén vitng cua nganh. Trong bai bao nay s¢ dé cap dén cac phu:()’ng
phap tai s dung bui thép, dac biét tap trung vao nhiing phuong phap kha thi cho cac
nha may thép trong viéc xt ly cac san pham phu chira kém trén thé gigi va ¢ Viét
Nam.

2. CAC LOAI BUI/BUN LO THEP
2.1. Bui/bun 10 cao (BF)

Bui 16 cao duoc thu hdi & bo loc khéi bui duoc goi 1a bui BF (hodc bui so cap)
va phan bui min duoc loc udt, duoc goi 1a bun BF (hoac bui thir cap) [2]. Hién nay,
do c6 nhiing cai tién trong céng nghé 10 cao cing vai chat luong cac san pham céc
va quang thiéu k@t tot hon nén bui va bun BF duoc tao ra it hon. Luong bu', BF trung
binh la 11,4 kg/tan gang long doi véi bui so cap va 8,9 kg/tan gang long doi véi bun
thir cap [3].

Bang 1: Thanh phdn, khei lwrong byi va bun 10 cao (% khoi liong)[3]

Phan loai Fe (tong) Fe (FeO) C Zn Pb
Bui BF 40,1 19,2 31,0 0,2 -
Bun BF 33,0 10,6 31,4 15 0,5

K&m (va chi) trong khi thai BF, c6 ngudon gdc tir viéc tai sir dung bui BOF trong
nha may thiéu két, bui BOF chu yéu dén tir thép phé liéu, thanh phan cu thé duoc
trinh bay ¢ Bang 1. Nhitng yéu t6 nay anh huong tiéu cuc dén BF vi ching c6 thé
pha huy 16p 16t chiu lua.

2.2. Builbiin 16 théi (BOF)

Bui/bun BOF duogc hinh thanh tir viéc thoi oxy vao kim loai long & téc do siéu
am ciing nhu cac diéu kién hdn loan cua kim loai long gay ra boi cai goi 1a “soi
carbon”, mot luong dang ké vat liéu min duoc day ra khoi kim loai long. Vat liéu
min nay dugc thu hoi thdng qua hé thdng loc bui venturi w6t hodc loc buyi tinh dién
kho [4] trudc khi duoc thu héi nhiét luong hoidc phét thai ra khi quyén. Bui BOF
dugc thu thap dudi dang bui ¢ tdi loc hoac banh loc uét (bun).

Khéi lwong bui/bun tao ra tir hé 10 BOF rat khac nhau, thuong duoc uéc tinh
vao khoang 15-25 kg/THM. C6 nhiéu yéu t6 c¢6 thé anh huéng dén thanh phan cua
bui BOF, bao gom: chiéu cao lance, &p suat phun oxy va thé tich xi [5; 6]. Thanh
phan bui/bn 16 théi dugc trinh bay & Bang 2.

Bang 2: Thanh phan, khéi lieong bui va ban 10 théi (% khoi Liong)[3]

Phan loai Fe (tong) Fe (kim loai) C Zn Pb
Bui BOF 73,7 44,1 0,9 0,3 0,06
Bun BOF 60,5 12,9 19 1,6 0,1




2.3. Bui/biin 1o di¢gn hé quang (EAF)

Bui/bun EAF chiém khoang 14,2 kg/tan thép long [3]. Luong bui duoc thu hoi
cha yéu ¢ hé thdng loc bui so cap, trung binh khoang 12,7 kg/tan thép long. Luong
bui/bun EAF con lai dwoc tap hop tir cac cong doan thu hdi khi nhé hon dudi dang
bui so cap. Thanh phan hda hoc caa bui EAF duoc thé hién ¢ Bang 3 [3]. Sat va kém
la thanh phan chu yéu, lwong cacbon twong ddi thap (trung binh 1,8%), tuong tu
lugng cacbon cé trong bui/bun BOF. Ham lugng Zn trong bui EAF dao dong kha
I6n gitta cac nha may thép do sy khac nhau vé ham lugng Zn cua ngudn thép phé
dau vao, trong bui c6 thé chira mét luong chi va cadimi.

Bang 3: Thanh phan, khéi luwong cua bui EAF (% khéi lirong)[3]

Phan loai Fe (tong) Fe (kim loai) C Zn Pb

Bui EAF 351 3,5 1,8 14,6 3,1

Cac tinh chat vat ly cua bui EAF phu thudc vao loai thép va qua trinh nau chay.
Kich thuéc hat tir 0,1 um dén > 200 um. Do d6, bui EAF c6 thé & trong khong khi,
diéu nay lam cho viéc phan tach bui bang phuong phap vat 1y kha khé khan. Zn ton
tai trong bui EAF thuong dudi 2 dang hop chat 13 ZnO va ZnFez0a.

3. CONG NGHE XU’ LY, TAI CHE BUI/BUN LO THEP TREN THE GIOI
3.1. Xi# Iy bang phwong phdp héa luyén

Phuong phap héa luyén nham xi 1y bui/bun 10 thép duoc phét trién dya trén cac
moé hinh nhiét dong luc hoc. Phuong phap hoa luyén dung dé loai bé Zn khoi bui
thép co kha nang mo rong t6t va c6 nang Suat xir Iy cao. Tuy nhién, phuong _phap
hoa luyén doi hoi vén dau tu ban dau Ién, tiéu thu ning luong cao. Nhuoc diém rd
rang cua phuong phéap hoa luyén la tao ra COz, gay hi€u tng nha kinh va cling tao ra
mét lwong 16n bui, tiéng 6n, diéu nay phai duoc xem xét khi danh gia tinh kha thi
cua phuong phap.

C6 hai phwong phap chinh xir ly byi thép bang phuong phap hoa luyén Ia st
dung 10 nung Waelz va 16 day quay. Trong d6, cong nghé 16 day quay c6 nhiéu bién
thé nhu: Fastmet, Inmetco, Dryiron, Midrex.... Phuong phap xir Iy 1au doi nhat doi
Vv6i bui ¢6 chra kém 1a quy trinh 10 nung Waelz, bui thép tron déu véi nhién lidu
carbon va tao thanh vién, sau dé6 duoc nung > 1000 °C trong 10 quay va dbt bang
dau dét & cudi 16i ra cua 1o (Hinh 1). Thong thuong, 10 Waelz dai khoang 50-70 m
vé6i duong kinh 4-5 m. Céc hop chat chira kém bi khir, bay hoi va tai oxy hoa trong
dong khi, do d6, tach kém khoi vat liéu sét.

Quy trinh nay c6 mot s6 nhugc diém, nhu thoi gian luu giit 1au 1én dén 8 gio dan
dén nang suét rat thap. Thong thudng, cac 10 nung Waelz duoc st dung trong viéc
thu hoi k&ém tir bui EAF. Tuy nhién, 10 Waelz khong thé xir Iy kinh té vat ligu c6
ham lugng kem thap hon 10% trong lugng, do gia tri trong ddi thap cta san pham
chua sat va tinh kém hiéu qua vé nhiét caa quy trinh.
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Hinh 1: So do cua quy trinh 10 Waelz [7]

Lo day quay duoc cap bang sang ché vao nhitng nim 1960, quy trinh 16 quay
tan dung téc do phan ung cao c6 duoc thdng qua viéc nung cac vién hdn hop tu khi
cua oxit sit va cacbon. Lo day quay (RHF) bao gdm maot ban xoay tron quay bén
trong mot duong ham c6 16t vat lidu chiu lta (Hinh 2). Nhiét duoc cung cap bai khi
d6t ty nhién hoac bot than, nhung phan I6n nhiét cua qua trinh dén tir qua trinh dot
chay ngudn cacbon trong liéu dau vao. Dong khi ngugc dong véi dong nguyén liéu
nén c6 thé 1am nong trudc cac vién maéi nap, dan dén trao d6i nhiét tot va hiéu qua
nhiét cao.

C6 nhiéu quy trinh thwong mai hoa khac nhau dé khir tryc tiép bang RHF nhu
FASTMET®, DRylron® va INMETCO® nhung tat ca déu tuan theo cac nguyén tac
quy trinh rat gibng nhau. Nguon cacbon trong cac vién bat dau khi hoa dé tao thanh
moi trudng khir cuc bo bén trong 1. Sau dé6 CO khir c4c oxit sit ting budc thanh sit
kim loai, ciing nhu 1am bay hoi bat ky Zn va Pb nao c6 mit. Sy khtr trang thai ran
cling xay ra giita C va FexOy nhung diéu nay dién ra cham va it hon nhiéu. Qua
trinh d6t chay CO thanh CO; toa nhiét va cung cap nhiéu ning lwong nhiét hon cho
qua trinh dé thiic day cac phan tng khi hoa thu nhiét va phan ang khir.
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Hinh 2: So dé quy trinh FASTMET [8]

Mot wu diém chinh cia RHF so voi 10 Waelz 1a ting chat lwong cua san pham
ZnO do bi nhiém it sit min hon, do cac vién 16n khéng mai mon Ian nhau dé tao ra
c4c hat sat du thira. Viéc & nhidm sit qua mac 1a khéng mong muédn d6i véi muc
dich tai ché, thu hdi kdm. Su bd sung cac chét tro dung thudng ciing khong can thiét
cho muc dich ting ning suat 10 va san pham DRI c6 gia tri cao hon.

3.2. Xi Iy bang phwong phdp thiiy luyén

Qua trinh xir Iy bui thép bang phuong phap thuy luyén dang duwgc quan tdm va
nghién ctru nhiéu hon vi qua trinh nay chi phi it hon, pht hop véi cac mod hinh nho
va ching chon loc duoc nhiéu kim loai hon. Nhung hau hét cac nghién ctu xir 1y bui
thép bang phwong phap thay luyén tap trung vao bui 1o dién hoé quang (EAF) vi
ching giau k&m hon — duoc coi 1a nguén nguyén licu kém thir cap.

Tuy nhién, _trong bui EAF co chira mudi clorua. Tap chat clorua 1am 4n mon
dién cuc, nén can loai bo cac mudi clorua trude khi dua bui di hoa tach. Muédi clorua
trong bui EAF chu yéu 12 NaCl va KCI dugc loai bo 99% bang cach rira nugc may &
nhiét d6 phong trong 60 phit & pH tu nhién caa bui EAF (pH 12). Mudi clorua trong
bui EAF ¢ dang hydroxyl clorua chi (PbOHCI) va chi clorua cacbonat (Pb2Cl2COs)
khong tan trong nudc. Dé c6 thé rira dugc nhitng tap nay thi bui EAF trudc khi rira
can dugc nung & nhiét d6 < 600 °C dé tranh sy bay hoi cua k&m va chi. Sau khi hoa
tach dugc cac mudi clorua thi bui sé& dugc dwa di hoa tach bang axit nhu axit
sunfuric, axit clohydric, aixt nitic va axit axetic, axit versatic, amoni clorua, amoni —
amoni cacbonat.

Axit sunfuric (H2S0s) la axit pho bién nhat dé xu Iy bui EAF bang phuong phap
thary luyén. Axit sunfuric ré tién, dé mua va k&m oxit hoa tan rat nhanh trong dung
dich axit sunfuric ma khéng phu thudoc vao nong d6 va nhiét do. Su hoa tan cua
ZnFeSOy dién ra cham hon va phu thudc vao nhiét d6. Dé c6 su hoa tach chon loc
gitta k&m va sat thi nén st dung axit sunfuric 0,5M (hoic thip hon) va thoi gian hoa
tach 1a 15 phut vi & nong do axit thap, cac kim loai dé tan trong axit sé duoc hoa tan
trude va khong du axit tu do dé hoa tan sat, chi s& tao ra mudi PbSO4 kém tan. Hién
nay quy trinh hoa tach hai giai doan dé thu hoi k&m tir bui nha may thép duoc phat
trién boi cong ty AMAX la pho bién nhat dugc thé hién & Hinh 3. Giai doan dau tién
la hoa tach & ap suat khi quyén. Trong giai doan thi hai, hoa tach & ap suat cao va &
nhiét d6 225-300 °C. Hai giai doan duoc két ndi theo kiéu ngugc dong, vé6i hai buéc
tach long/ran. Sat hau hét chuyén vé dang hematit két taa dé tach khoi dung dich va
dugc dua vé tai ché ¢ céac 10 luyén thép.

Cong ty AMAX ciing di phat trién quy trinh hoa tach biang HCI d6i véi bui EAF
[65]. Quy trinh duoc thé hién trong Hinh 4. Pau tién, bui EAF dugc hoa tach biang
HCI, sau khi phan chia long ran, dung dich duoc oxi héa béi khi clo va dong thoi
thém voi vao dé két taa sit. Phan cin giau Fe khong chira luu huynh c6 thé duoc tai
ché trong 10 luyén thép. Phan dung dich khong chira sat duoc tach ra va cé thé duoc
tinh ché thém bang cach chiét dung méi véi D2EHPA hoic Cyanex 272. Dung dich
duogc dua di dién phan, kém sinh ra ¢ catot va khi clo thoat ra s€ duoc tai su dung.
Qua trinh nay c6 thé sir dung dé xur ly nhiéu ngudn nguyén liéu khac nhau chia
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thanh phan kém khac nhau. Nong d6 cua axit HCI anh huéng dén qua trinh hoa tach
va kha ning chon loc cua axit. Vi nong do HCI 75 g/L thi 88% kém va 48% sit bi
hoa tan. O ndéng do cao hon thi lwong sat bi hoa tan nhiéu hon, & ndng d6 200 g/L,
100% k&m va 93% st bi hoa tan.
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trién boi AMAX [9].

Véi bui 10 BOS nguoi ta thudng xir ly bang axit butyric. Axit xitric ¢6 kha nang
chon loc kém vi hoa tan nhiéu sat va kém nhat vai 49,7% kém bi loai bo va 2,5%
sat bi hoa tach. Vay nén axit butyric dugc lya chon dé phat trién nghién ciru hoa tach
bui BOS.

100 100
- (a) o I eemrer— (b)
| m Oxalicacid |
80 80 ® Citric acid
_ | & Acetic acid
2 70 ® 70 ¥ Propionic acid
> | @ Butyric acid
9 —®
5 s 80 | <1 Valeric acid
‘T
A &
% _A—K _ ; 50 ]
2 ; —& e
= 0 o
[l Sa 4 — —
b —t P — |
= @ == —Y
_—
30 - —— e
i L ’4‘—"' e -~
20 A =¥ : ]
/ . - a. A —
/ .f / S <
10 AL & —
® ¥ < - i
. a——t—4—14
7 8 9 10 2 3 4 5 6 7 8 9 10
Time (h) Time (h)
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Hinh 6: Quy trinh hoa tach ngwoc dong bui BOS bang axit butyric

4. TAl CHE BUI/BUN LO THEP O VIET NAM

O Viét Nam co rat nhiéu cong ty, du 4n san xuat thép dang dugc xay dung va
van hanh nén nhu cau Xxu ly bui theép la rat I6n. DU tiéu ton nhiéu ning lugng hon
nhung v6i vu diém ning xuat xir ly cao va it 6 nhiém moi trudng hon nén & nudc ta
dang sir dung cdng nghé hoa luyén theo md hinh Waelz, dung 16 dng quay dé tai ché
bui 10 EAF nham thu h6i kém ¢ cac cong ty moi truong nhu: Cong ty C6 phan moi
truong Tan Thién Nhién, Cong ty c6 phan Zinc Oxide Viét Nam.... Bui BOS hién
tai chua c6 phuong an tai ché cu thé.

Cong nghé luyén thép BOS ¢ Viét Nam dang phét trién manh. Theo hiép hoi
thép Viét Nam (VSA), naim 2021 Viét Nam san xuat duoc khoang 27 triéu tan thép
tho trong d6 san xuat thép bang cong nghé BOS dat 16,74 triéu tan (chiém khoang
62%). Luong bui/bun BOS thai ra tinh riéng nam 2021 1a khoang 703.080 tan, bao
gom ca byi/ban 10 théi va 10 cao (Bang 4).

Cac nha may san xuat thép bang cong nghé BOS Ion nhat hién nay c6 thé ké dén
nhu Formosa c6 cong suét 7,5 triéu tan vai 2 10 cao dung tich 4350 m?3 va 3 10 thoi
cdng suat 300 tin/mé. Luong bui/bun BOS cua Formosa mdi nam thai ra wdc tinh
khoang 318.000 tan, trong d6 1a 86.250 tan bui va 66.750 tan bun 10 cao va 165.000
tan buyi/ban 10 thoi. Trong khi d6, ¢ céng ty Thép Hoa Phat Dung Quat, véi cong
Suit 4 triéu tAn/niam, str dung 4 10 cao dung tich 1080 m3 va 4 16 théi cong suat 120
tan/mé. Luong bui/bun BOS cua Hoa Phat mdi nam thai ra uéc tinh khoang 169.600
tan bao gém 46.000 tan bui va 35.600 tan bun 16 cao va 88.000 tan byi/bun 16 thdi.
Khéi luong bui 10 phat sinh tir cong doan xir ly khi thai 1o dién ho quang (thu hoi
bang thiét bi loc bui tdi vai) cia Nha may luyén thép Luu Xa trung binh khoang
3.600 tan/nam.

Bang 4: Thong ké san xudt thép thé trong 5 ndm gan nhat cia Viét Nam

Nim 2017 2018 2019 2020 2021
San xuét thép tho (1.000 tan) | 11.473 | 15.471 | 17.469 | 19.547 27
San xuét bang BOS 4.016 8.200 0.746 | 12.201 | 16,74




Tong lwong bui/bun 170,278 | 347,680 | 413,230 | 517,322 | 703,08

Bién phap xu ly tam thoi cua Formosa va Thép Hoa Phat la pha loang véi ligu
dau vao de tai su dung bui/bln BOS, véi lugng su dung khoang 5 — 10% khoi
lwong, sb con lai luu kho va chon 14p mot phan. Vé lau dai Thép Hoa Phat Dung
Quit ciing dd xac dinh phai xir ly bui/bun BOS trudc khi quay lai tai sa dyng lam
lieu dau vao cho 16 cao. Con Formosa ciing dd 1én ké hoach dau tu khu xir ly
bui/bun BOS cho nha méy véi quy mé cong suat 400.000 tin/ndm. St dung cdng
nghé hoa luyén theo mo hinh 16 day quay RHF. Nha may luyén thép Luu Xa tu xur
ly bui 10 bang céch pha lodng véi liéu dau vao, 1am nguyén liéu cho nganh xi ming.
Tuy nhién, tir thang 1/2021, nha may tam dirng viéc tu xir 1y va da dang c6 ké hoach
chuyén giao cho don vi ¢6 chirc nang xir 1y, diéu chinh dang ky nguon thai.

5. KET LUAN

Bui thép ton tai nhu mot van dé chinh vé hiéu qua vat liéu va moi trudng ddi véi
cac nha san xuat thép. Bui BOS néi riéng dat ra mot thach thicc vi ham luong kém
thap nén khong hiéu qua khi sir dung bién phap “pha loang” dé tai sir dung truc tiép
trong BF/BOF. Cong nghé RHF c6 thé tai ché bui/bun BF mét cach hiéu qua ma
khong phai chdn I4p, tao ra san pham c6 gia tri cao 1a sit khir truc tiép va kém oxit.
Thu hoi kém tir bui EAF bang phuong phap thay luyén chi phi hop véi viéc thu hoi
Zn va & quy md nho vi bui chira sét rt thap va qué trinh xu 1y tao ra luong nudc thai
I6n. Viéc lya chon mé hinh RHF dé tai ché bui thép ¢ nudc ta 1a hoan toan phu hop,
dap tng duoc tinh thoi dai va hiéu qua kinh té. Giai quyét triét dé nguon thai bui
thép trong cac khu san xuat thép lién hop ciing nhu cac nha may thép sir dung 10
dién ho quang — EAF.
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