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TOM TAT

Mau bui 10 hé quang dién (EAF) dugc phan tich thanh phan héa hoc béng Phuong phép phd tan xa nang lugng tia X (EDX), nghién ciiu hinh thai bang
Ky thuat chup anh hién vi dién t& quét (SEM) va Phuong phap do dién tich bé mat riéng (BET); kiém tra nong do ngam chiét ddc tinh trong bui EAF béng
phuong phap EPA (EPA 1311:2007 & SMEWW 0125:2012). Két qué cho thdy bui EAF ¢ thanh phan chdi yéu la cdc kim loai, trong d6 ham luong Fe va Zn
khé cao (ham lugng Fe 44,24%, ham lugng Zn 10,69%) va ham lugng kim loai ndng Pb trung binh Ia 1,15%. Bui EAF gdm cac hat |6n (tir vai chuc micromet)
va cac hat min hon (dudi 10um) véi dién tich bé mét riéng BET la 3,4339m?/g, thudc loai vat liéu xGp trung binh (dudng dang nhiét loai IV). Nong d6 ngam
chiét doc tinh (TCLP) cGa Hg, Sh, As, Cd, Pb, Zn lan lugt |3 0,0028; 0,009; 0,028; 0,0015; 0,195; 0,241mg/l ndm trong ngudng cho phép theo QCVN-07-
2009-BTNMT. Chi s rdi ro sinh thai tiém nang Rl clia EAF 1a 135,59 cho thdy miic d6 rdi ro sinh thdi via phéi clia Pb, Zn; gid tri hé s6 nquy co sinh thai tiém
tang (EL) ctia méi nquyén to don 1& Pb va Zn lan luot |3 82,14 va 53,45, trong d6 Zn thé hién rdi ro sinh thai vira phai thi Pb thé hién rii ro sinh thai déng
quan tam.

Tir khéa: Bui 1o hd quang dién; ddc tinh; chi s6'rii ro sinh thdi tiém ndng.

ABSTRACT

Electricarc furnace (EAF) dust samples were analyzed for chemical composition using Energy Dispersive X-ray Spectroscopy (EDX), and morphological studies
were used Scanning Electron Microscopy (SEM) and BET theory; Toxicity characteristic leaching procedure tests were conducted in accordance with EPA Method
(EPA 1311:2007 & SMEWW 0125:2012). The results show that EAF dust is mainly composed of metals, in which the Fe and Zn content is quite high (Fe content
44.24%, In content 10.69%) and the average heavy metal Pb content is 1.15%. EAF dust includes large particles (from a few tens micrometers) and finer particles
(under 10pm) with a BET surface area of 3.4339m?/g, belonging to the meso- porous medium materials (type IV isotherm). The toxicity leaching concentrations
(TCLP) of Hg, Sb, As, Cd, Pb, Zn are 0.0028; 0.009; 0.028; 0.0015; 0.195; 0.241mg/l is within the allowable threshold according to QCVN-07-2009-BTNMT. Potential
ecological risk index of EAF is 135.59 showed that the ecological risk level of Pb, Zn in EAF is moderate risk; the single element potential ecological hazard
coefficient (E) values of Pb and Zn were respectively 82.14 and 53.45, Zn presented a moderate risk and Pb presented a high risk.

Keywords: Electric arc furnace dust; characteristics; potential ecological risk index.
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1. GIGI THIEU

Thép la nguyén liéu co ban, thiét yéu trong hau hét
[inh vuc san xuat, luyén kim, ca khi, xay dung ... do vay
nhu cau cla san xuat luyén thép lién tuc gia tang ca trong
va ngoai nudc. Nam 2023, Viét Nam ding thi 13 thé gidi
vé san xuat thép thé, ding dau chau A va Déng Nam A vé
san xuat va tiéu thu sdn pham véi san lugng dat khoang
20 triéu tan thép va dubdo dén 2035 sé san xuat 56,7 triéu
tdn thép [1]. Trén thé gidi, nam 2023 san lugng dat
khoang 1.764 triéu tan va du kién ttr 1.950 triéu dén 2.000
triéu tan vao nam 2035 [2]. Viét Nam va thé gidi déu dang
st dung ba céng nghé san xuat thép: cong nghé Lo
chuyén (Basic Oxygen Furnace - BOF), cong nghé Lo hé
quang dién (Electric Arc Furnace - EAF), cong nghé Lo
dién cdm ung (Induction Furnace - IF), trong dé & Viét
Nam chu yéu st dung cong nghé 16 h6 quang dién EAF
(chiém trén 50% don vi san xuat thép) [3]. Tuy nhién, di
cung phat viéc gia tdng va mé& rong san xuat thép, qua
trinh san xuat gang thép da tao ra mét lugng 16n cac chat
thai gay 6 nhiém méi trudng dat, nudc, khong khi va anh
huéng nghiém trong t&i stic khde con ngudi véi lugng bui
thai Ién t&i hang triéu tdn/nam, ngoai ra con lugng I6n khi
thai, nudc thai.... USc tinh dé€ sén xudt 1 tdn thép sé thai
ra ttr 0,5 dén 1 tan xi, 10.000m?3 khi thai, 100kg bui thai, 80
m?3 nudc thai [4]... Nhu cau xu ly tro bui thai tir cong ty
gang thép noi chung va cua 16 dién h6 quang néi chung
la vo cling I6n va cap bach, hién tai cac cong ty phai tra
chi phi thué céng ty khac dén thu gom van chuyén x{ ly
la tuong déi I16n, ton kém nhung chua thuc su hiéu qua,
chi xtt ly dugc mét phan bui thai, van con lugng bui 10 16n
luu gitrtai kho cia cac Cong ty chua cé bién phap xtrly tap
trung, hiéu qua va can dugc co quan quan ly va cac nha
khoa hoc quan tam cuing tim cach giai quyét.

Cac nghién ctru da chi ra rang bui EAF c6 thanh phan
chu yéu la oxit cia Fe chu yéu dudi dang magnetite
(Fes0a) va franklinite (ZnFe,O4) va oxit clla Zn c6 trong
Zincite (ZnO) va franklinite. Ngoai ra cé cac oxit cia Mn,
Al, Si, Ca, Mg..., Ngoai ra con ¢6 sy hién dién cda cac kim
loai nang nhu Pb, As, Cd, Hg... c6 thé gay ra méi de doa
cho méi trudng va suc khde con ngudi, do dé chat thai
nay dugc coi la nguy hiém chinh thiic & nhiéu quéc gia va
tai Vit Nam la chat thai nguy hai (ma s6 CTNH 05 01 01)
va phdi dugc phan dinh theo quy dinh tai QCVN
07:2009/BTNMT [5, 61. Pb va Zn la hai kim loai rat dé bay
hai khi thép néng chay nén ching tap trung kha nhiéu
trong bui 16 EAF. Trén thé giGi da c6 nhiéu nghién ctu vé
phan tich dac tinh, thanh phan, tinh chat ca ly cta bui 1o
EAF cling nhu danh gia rui ro sinh thai véi maoi truong [7-
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13]. G Viét Nam tuy da cé cac nghién ctiu vé phan tich dac
tinh clia bui 10 dién hé quang nhung chua day dua [15],
dac biét chua c6 nghién ctu nao tinh toan vé rui ro sinh
thai moi trudng clia cac thanh phan trong bui EAF. Trong
nghién ctu nay ching t6i phan tich cac dac tinh cta bui lo
dién h6 quang EAF ciing nhu danh gia rui ro sinh thai méi
trudng clia Pb, Zn trong EAF tir d6 cung cap dirliéu co ban
va ca s& khoa hoc cho viéc xtr ly/thu hoi/téi sir dung EAF.
2. PHUONG PHAP NGHIEN CUU

2.1. Cac phuong phap nghién citu

- Phuong phap ldy mau theo TCVN 9466:2012 (ASTM
D6009-12).

- Cac phuang phap phan tich: phuong phap hién vi
dién ti quét (SEM); Phuang phap do dién tich bé mat
(BET); phuong phéap phd tan xa nang lugng tia X (EDX);
Phuong phap ngam chiét theo EPA 1311:2007 & SMEWW
0125:2012; Phuong phap danh gia rti ro sinh thai theo
Hakanson.

- Cac phuong phap diéu tra, khéo sat truc ti€p tai Cong
ty C6 phan gang thép Thai Nguyén.

2.2. Phuong phap ldy mau

Lay mau bui h6 quang dién tai Kho luu gitt bui 10 s6
01 va 02 cla Nha may luyén thép Luu Xa - Cong ty C6
phan gang thép Thai Nguyén theo phuong phap lay
mau ngau nhién theo TCVN 9466:2012 (ASTM D6009-12)
[16] tai cac vi tri khac nhau trén bé mat va theo do sau
cla cac kho luu gitr bui 10 luyén thép dé dam bao méi
thanh phan trong d6ng chat thai déu dugc dua vao
trong mau nhu nhau. Méi kho luu gilr bui ldy 3 mau, mbi
mau lam ldp 3 1an (n = 3). M3u sau khi ldy dugc dung vao
cac tui zip, bdo quan can than & nhiét d6 phong va mang
vé phong thi nghiém phan tich.

3. KET QUA NGHIEN CUU
3.1. Két qua nghién ctru hinh thai va dién tich bé mat
cua bui EAF

Két qua chup SEM cho thay cac hat bui EAF c6 nhiéu
kich c& khac nhau gém hai loai hat: cac hat 16n khong
déng déu (turvai chuc um) va cac hat min han c6 dang hat
giong hinh cau kich thudc dudi 10um (hinh 1). Theo tac
gid Anne-Gwénaélle Guézennec va cong su [12] thi cac
hat I6n la do su bay ra truc ti€p clia cac hat ran trong qua
trinh dua nguyén liéu dang bot vao 16 (phé liéu, than dé
tao xi bot,.) hoac do su két tu lai cGla cac hat min véi
nhau... Phan I6n trong bui EAF gém cac hat min hinh cau
c6 kich thudc tir dugi 10um, bui nay cé thé 1a do luyén
thép bang 10 dién hé quang c6 st dung mét lugng than
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antraxit (dé tao xi bot, tang cacbon trong thép) da phat
khi bui thai (gém CO, CO,, SO, NO). D6 ciing la nhiing
nguyén nhan chinh gay ra sy phat thai cda bui EAF.

S .Y

SEl 5kV

WD14mm,
,

SEI 15kV WD10mm

Hinh 1. Anh SEM cta vat liéu EAF

Dién tich bé mat cta bui EAF dugc nghién clru bang
phuong phap BET, dudng cong hap phu cta bui 16 luyén
thép EAF dugc thé hién trong hinh 2 la dudng dang nhiét
hap phu loai IV dién hinh c6 vong tré hap phu, dugc quan
sat thay trong cac vat liéu cé mét cau tric vi mao quan
trung binh. Dién tich bé mat riéng BET la 3,4339m?/g, kich
thuéc 16 réng trung binh 12 34,9035nm va thé tich 16 réng
0,0133cm*/g. Cac két qua nghién ctu hinh thai cta bui
EAF bang phuong phap SEM va phuong phap BET cung
cap thong tin hitu ich cho viéc xac dinh co ché hinh thanh
bui ciing nhu dinh huéng khi thu héi, tai si dung bui.
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Hinh 2. Duting h&p phu va gidi hap dang nhiét cla EAF
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3.2. Két qua nghién ctiru thanh phan héa hoc ctia bui
EAF

Két qua phan tich mau bui 160 luyén thép bang
phuong phap EDX thé hién & hinh 3 va 4.

ull Scale 5521 cts Cursor: 16.109 keV (8 cts) keV]

Hinh 3. Phd EDX ctia mau bui [0 luyén thép
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Hinh 4. Ham Iugng kim loai trung binh trong cac mau bui 1o luyén thép

Két qua cho thay cac mau bui déu chua kém, sat,
mangan va lugng nhd nhom, magie, silic... Ngoai ra trong
mau con chia cac phi kim nhu C, S, Cl, P, trong d6 hau hét
cac mau cé C ¢6 ham lugng cao, cac phi kim con lai co
ham luong kha thap. Hau hét cac kim loai dugc xac dinh
& dang oxit (Al,03, MgO, SiO,), sat & dang FeS,, canxi c6 &
dang CaCO:s, clo & dang NaCl. Sat va kém la 2 kim loai c6
ham lugng cao trong cadc mau vai ham lugng sat tir 29,35
- 58,21% (trung binh 44,24%), ham lugng kém tu 6,14 -
17,52% (trung binh 10,69%). Cac nguyén t6 khac cling c6
ham lugng bién d8i trong khoang kha réng: carbon (2,11
- 10,04% ); canxi (0,35 - 6,22%); luu huynh (0,18 - 1,53%);
mangan, magie, chi (0,25 - 3%); ham lugng vét cua silic,
nhom, kali khéng vuot qua 1%. Cac kim loai nang nhu chi
trong mau c6 ham lugng dang ké tur 0,8 - 1,49%, ham
lugng mangan ti 1,2 - 3,03%. Thanh phan nguyén té clia
bui 16 thép thay déi & cac mau khac nhau dugc giai thich
la ty thudc vao diéu kién van hanh 16 hodc su da dang
cla nguyén liéu thé phé liéu [12]. Theo tac gia Nyirenda
[13], thanh phan cua bui c6 thé rat khac nhau & cac nha
may, cac qudc gia khac nhau, cling nhu c6 thé thay déi
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khéng chi tir ngay nay sang ngay khac ma con thay déi tu
nhiét d6 nay sang nhiét d6 khac cta cung mét xudng
thép trong cung mét nha mdy. Ham lugng sat kha cao va
ham lugng kém dang ké trong cac mau phan tich co6 su
trung lap véi két qua nghién cliu da cong bé trude day
(hinh 5).

L
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Hinh 5. So sanh ham lugng Zn va Fe trong cac mau bui l0 luyén thép

Ham lugng cao cla Fe, Zn va su xuat hién cac nguyén
té kim loai, phi kim trong mau dugc giai thich la do
cacbon va céc oxit sat xuat phat tir nguyén liéu san xuat
thép cha yéu la sét, thép phé liéu trong nudc va nhap
kh3u trong d6 da c6 chua cac thanh phan nay; Zn dugc
tim thdy trong bui thép & néng dé cao do Zn dugc s
dung réng rai dé bao vé chdng an mon thép; cac oxit ca
ban nhu CaO va MgO phat sinh tir cac chat trg dung lién
quan dén qua trinh luyén thép; da voi (CaCOs) dugc thém
vao & moét s6 xudng luyén thép nhu chat lam mat dé diéu
chinh nhiét d6 cu6i cling; cac oxit khac nhu SiO, va AlLOs,
¢6 ngudn goéc ti phan kim loai mau ctia nguyén liéu tho.
Cac nguyén té dé bay hoi nhu Zn, Mn va Pb cling nhu cac
nguyén t6 vi lugng khac cling c6 nguén goc tir nguyén
lieu thé phé liéu. Trong cac phi kim thi ham lugng Clo la
cao nhat tir 1,1 - 2,95%. Ham lugng clo cao c6 mat trong
mau dugc giai thich la do trong nguyén liéu tho phé liéu
6 thé ¢ cac tap chat chia clo nhu cao su, san,...[5]. Nhu
vay, bui EAF phan tich dugc c6 chira ham lugng sat rat cao
va ham lugng kém dang ké c6 thé dinh huéng dé st dung
lam tai nguyén tha cap va co thé thu héi dé tai st dung
trong san xuat bang cac phuang phap nhu thuy luyén, vi
séng...[9, 14, 15].
3.3. Két qua nghién citu néng d6 ngam chiét déc tinh

D& danh gia muc do nguy hai cia mét sé kim loai
trong mau bui 16 EAF, ching t6i tién hanh phuang phap
ngam chiét doc tinh EPA 1311:2007 & SMEWW 0125:2012
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(toxicity characteristic leaching procedure (TCLP)) su
dung nudc cat khirion, ngdm chiét trong 24h, khuay lién
tuc vai téc do 30 vong/phut. Nong do ngam chiét la nong
dd (mg/l) ctia mét thanh phan nguy hai trong dung dich
sau ngam chiét, dugc thoi ra ti chat thai khi tién hanh
chuén bi mau phan tich bang phuong phap ngam chiét.
K&t qua cho thdy su c6 mat ctia cac kim loai doc hai trong
dung dich ngam chiét nhu Hg, Sb, As, Cd, Pb, Sb vGi néng
dé ngam chiét dang ké (bang 1).

Bang 1. Két qua nong do ngam chiét doc tinh cla mau bui 1o EAF

Thanh phan | Két qua ndng dd Nong d6 ngam chiét
nguyhai | ngam chiét (mg/l) | CYN-07-2009-BTNMT (mg/1)

Hg 0,0028 0,2
Sb 0,009 1

As 0,028 2

« 0,0015 0,5
Pb 0,195 15
In 0,241 250

Tuy ndng d6 ngam chiét van nam trong nguéng chat
thai nguy hai cho phép nhung vé lau dai sy c6 mat clia
cac kim loai doc hai trong dung dich ngam chiét chiing
t6 cac kim loai nay néu phat thai ra moi trudng c6 thé
tich lGy va sé lam thay d&i thanh phan dat gan bai chua,
chung khoéng thé bi phan hay theo phuong phap sinh
hoc hodc héa hoc va c6 thé ton tai trong moi trudng
trong thai gian dai, gdy 6 nhiém dat dan dén viéc dua
cac nguyén t6 nguy hiém vao chuéi thic an thong qua
qua trinh hap thu cda thuc vat, do d6 anh huéng dén
kha nang quang hap, trao d&i khi va hap thu chat dinh
duéng, dan dén giam sinh trudng cua thuc vat va theo
chubi thic an anh hudng dén suc khée clia con ngudgi.
Chang dé gay ra dé kiém cho dat do bui EAF tich tu do
c6 thanh phan kiém, gay de doa I&n véi ngudn nuéc do
su ton tai clia cac kim loai nang doc hai [10, 11]. K&t qua
nay khong chi cung cap thong tin vé néng do ngam
chiét cia cac kim loai ma con 1a co s dé phan dinh, phan
loai va quan ly CTNN bui 16 luyén thép EAF.

3.4. Phuong phap danh gia rti ro sinh thai

Chung toi tién hanh danh gia rdi ro sinh thai moi
trudng cta Pb, Zn trong mau bui 16 EAF dua vao viéc danh
gia rui ro sinh thai tiém nang (RI) cGia cac kim loai ndng
(KLN) trong mau theo cac chi s6 do nha khoa hoc
Hakanson (Thuy Dién) [19] dé ra. Phuong phap nay xem
xét nhiéu yéu t8 khac nhau, chdng han nhu su phéi hop
nhiéu yéu t6, muc dé doc tinh, néng do 6 nhiém va dé
nhay cdm clia méi trudng doi véi kim loai nang, va dugc
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st dung réng rai trong danh gia rdi ro maoi truong cla kim
loai ndng dua trén nguyén tac lang dong, tich tu KLN.

Muc d6 6 nhiém clia cac KLN dugc danh gia dua vao
gid tri Cq theo cac cong thuc tinh:

ciz%
f C}]
i
Ca=Xn=1Cf

C! - Ham lugng KLN thur i do dugc trong mau tai khu
vuc nghién cdu (mg/kg).

Cl - Ham lugng tham chiéu ctia KLN Iay trong QCVN
03:2023/BTNMT [18], v&i Zn la 2000mg/kg; véi Pb la
700mg/kg.

Cl- Yéu t6 6 nhiém ca tiing kim loai.

Chi sé rui ro sinh thai tiém nang (RI) dugc danh gia dua
vao nong d6 clia cac kim loai nang (KLN): Pb, Zn trong
mau theo cong thuc:

RI=Y" El ;

Trong do6:

EL - Y&u t6 rdi ro sinh thai cGa ting KLN.

El=CLT]

T} - Hé s6 doc tinh cla KLN. Theo nghién ctu cda
Hakanson [14], hé s& doc tinh T! ctia cac kim loai nhu sau:
Zn =1, Pb = 5. Thang danh gia muic dé 6 nhiém va rui ro
sinh thai theo cac dai lugng nay dugc théng ké & bang 2.

Bang 2. Thang danh gid miic dd 6 nhiém va rii ro sinh thi

E RI Muic d6 rdi ro sinh thai
E <40 RI<110 RUi ro sinh thdi thap
40<F <80 10 <RI<220 Rui ro sinh thdi vita phai
80<E <160 220 <RI<440 | Rdirosinh thdi déng quan tém
160 <E <320 Rl > 440 Rdi ro sinh thdi rdt cao
£ >320 Rai ro sinh thdi rdt cao

Bang 3. Danh gia mdc do rdi ro sinh thai vdi méi truong cla Ph, Zn
trong EAF

Kim loai E RI Miiic d rdi ro sinh thai
Pb 82,14 Rui ro sinh théi ddng quan tdm
135,59
In 53,45 Rui ro sinh thdi vira phdi

Két qua bang 3 cho thdy cac rui ro sinh thai tiém tang
clia cac nguyén t6 Pb, Zn trong bui EAF la dang ké. Theo
d6 kha nang rui ro phat tan va gidi phéng cac dang kim
loai ctia cac kim loai déc hai ra moéi truéng theo muc do
rdi ro ctia Pb > Zn. Céc chi s6 El ctia Pb va Zn Ian lugt 1a
82,14 va 53,45 cho thay Pb & muic rui ro sinh thai véi moi
truong la dang quan tam con Zn & muc vira phai. Chi sé
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rai ro sinh thai Rl = 135,59 cho thay rui ro cia cac kim loai
Pb, Zn thudc muc rdi ro sinh thai vira phai. Tuy nhién vé
lau dai van cé nguy co phat tan va giai phong cac dang
kim loai déc hai vao méi trudng nén can cé cac phuong
an xu ly, tai st dung hiéu qua.
4. KET LUAN VA KHUYEN NGHI

Két qua nghién cho thdy mau bui 10 EAF tai Cong ty CP
gang thép Thai Nguyén c6 ham lugng kém dang ké
(10,69%) va ham lugng I6n sét (44,24%), néu khong duoc
thu hoi tai sinh sé gay that thoat va lang phi tai nguyén.
Phuong phap danh gia rdiro 6 nhiém sinh thai cho thay
mot s kim loai nhu Pb, Zn & muc rai ro sinh thai vira phai
trong d6 Pb & muc dang quan tdm va Zn & muc trung
binh (EL ctia Pb va Zn Ian lugt |a 82,14 va 53,45). Phuong
phap ngam chiét EAF xac dinh néng d6 ngam chiét cta
mot s6 kim loai doc hai nhu Hg, Sb, As, Cd, Pb, Zn cho thay
tuy ndm trong ngudng cho phép nhung vé lau dai sé tich
Ity gay nguy hiém t&i méi trudng dat, nudc va theo chubi
thiic an hudng téi stic khde con ngudi. Cac két qua trén
cung cap théng tin hitu ich cho viéc xac dinh dac tinh, co
ché hinh thanh bui EAF cling nhu cung cap ditliéu co ban,
co sG khoa hoc cho viéc xt ly/thu héi/tai sir dung EAF néi
chung va xt ly Pb, Zn néi riéng moét cach hiéu qua.

LO1 CAM ON

Nghién ctu nay dugc hé trg kinh phi tir dé tai “Nghién
clu cong nghé va thiét bi thu hoi kém, sét trong bui [0
nghéo kém clia nha may luyén thép bang 10 dién ho
qguang”- Ma s6 025.2023.DTBO/HDKHCN.
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