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Nghién ciru kha nang si dung xi luyén thép lam cl}ﬁt tro' dung
khir tap chat cuia gang 1ong trong quy trinh tién xir ly
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Tom tit:

Trong nghién ciru nay, xi luyén thép dwoc chuin bi va phoi trén véi CaO tao ra chit tro dung truée khi dwa vao
trong gang léng dé danh gia kha ning khir tap chét ciia xi. Gang dwgc niu chay trong 16 cim g trung tin truéc
khi nap 0,3 kg chit tro' dung gdom c6 xi va CaO vio 10. Thi nghiém thwc hién véi 2 diéu kién khac nhau 1 ¢é va khong
¢6 khi Argon bio v¢ trén bé mit gang 16ng. Sau khoang thoi gian 10 phut tinh tir thoi diém nap chét trg dung, xi va
gang dwoc 1y miu dé phan tich thanh phan. Két qua cho thiy, thi nghiém trong diéu kién thdi va khong théi khi
Argon ¢6 dnh hwéng rd rét dén kha ning khir lvu huynh (S) ciia gang 16ng khi sir dung xi luyén thép 1am chit khi.
Khi khong c6 khi bao v¢, kha niang khir S cia gang chi la 19%. Trong khi dé, 38% S trong gang 16ng dwgc khir bo
khi ¢6 khi Argon bio vé trén bé mit gang léng. Mic du viy, kha ning khir phét pho (P) 1a chwa hi¢u qua trong ci
hai diél} kién thi nghiém. Bén canh dé, ham lwong sit (Fe) trong xi da giam béi oxit sit trong gang bi hoan nguyén
mot phan.

Tir khéa: chit trg dung, gang long, khi Argon, xi.
Chi s6 phén logi: 2.5

1. Dat van de tién xtr Iy gang 16ng sir dung xi luyén thép 16 thdi chua diy
du. Pic biét, moi trudng 10 chira gang long trong tién xur
1y anh huéng dén khir tap chat S chwa duoc quan tim. Bén
canh d0, qua trinh khir tap cht P trong gang va su thay d6i
thanh phan Fe trong xi van chua duoc danh gia trong diéu
kién méi trudng 16 khac nhau. Do d6, khir tap chét trong
gang 1ong véi cong nghé tién xur 1y bang xi luyén thép can
dugc nghién ctru dé hiéu rd vé anh hudng cia moi truong 10
chira gang 16ng trong tién xir Iy dén kha ning khir tap chat
SvaP.

Khi luyén thép, 10 thoi thai ra mot lugng xi rat 16, can
duorc tai sir dung dé han ché nhung anh huong khong mong
mudn dén mai truong. Thanh phan chu yéu cua xi gdm cac
oxit nhu CaO, SIOZ,‘ MgO, PZOS, FeO..., theo d0, xi 90 thé
tai str dung nhu ngudn nguyén liéu thir cp cho mot sé cong
nghé nhu thiéu két, luyén gang, luyén thép hodc sir dung
nhu chit trg dung trong qua trinh khir tap chét trong gang
[1]. Bén canh dé, néu xi co ham luong nguyén t6 P cao thi
Xi c6 thé tai st dung dé 1am nguyén lidu cho nganh san xudt
phén bon [2]. Ngoai ra, mot gidi phap khac trong tai su dung 2. Quy trinh thi nghiém
xi 12 1am chét tro dung trong cong nghé tién xir Iy gang long:
xi luyén thép duge sir dung nhu mot chit khir dua vao gang
long trude khi chuyén sang 10 thoi luyén thép [3].

Xi luyén thép duoc ldy tir Cong ty C6 phan thép Hoa
Phat. Gang dugc phén tich thanh phan bang may quang phd
phat xa Metal LAB 75/80J MVU-GNR (Italia). Thanh phan

A. Hernandez va cs (1998,) [4] da nghién clru k}{é né‘ng hoa hoc cua gang va thanh phan khoang vat cua xi dugc

khtr S trong gang 16ng véi chat trg dung cES thanh phan gom théng ké tuong img & bang 1 va 2.
Ca0-Si0-CaF -FeO-Na,O. Keét qua khang dinh, khtr S
trong gang dat hiéu qua néu chét trg dung c6 ham luong
CaO cao va thanh phan FeO thich hop. Xi luyén thép 16 thoi C Si Mn P S
chira mét lugng CaO va FeO nhét dinh, do d6 xi c6 thé sir
dung dé khr tap chét trong gang long. Nghién ctru ctiia N.S.
Hur va cs (2004) [5] chi ra rang, xi luyén thep két hop v6i  Bang 2. Thanh phan khodng vat ciia xi luyén thép.
CaF, lam chat tro dung 1a hiéu qua trong tién xur 1y gang
long

Bang 1. Thanh phan héa hoc cua gang.

% khdi lugng 3,26 2,29 0,54 0,086 0,054

MgO ALO, SiO, P,0, CaO MnO FeO

i A, .. , z % khéi | 532 1,18 956 126 5424 566 13,97
Tuy nhién, nghién ctru kha nang khir tap chat S trong o khot luong
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Abstract:

In this study, a flux, mixture of basic oxygen furnace
(BOF) slag and CaO powder, was investigated the
ability of the slag recycling in a pre-treatment process.
The first step of the experimental procedure was to
melt iron using a high-frequency induction furnace,
then 3 kg of flux was embedded into the metal. There
were two kinds of experimental conditions including
with and without Argon gas protection of the furnace.
After ten minutes from the moment of adding the flux,
the metal and slag samples were taken out for chemical
composition analysis. The results showed that Sulphur
(S) content of the iron significantly decreased by 38%
and 19% with and without the Argon gas protection,
respectively. Meanwhile, the Phosphorus (P) content
of the iron was concluded to be independent of the
conditional experiments. Besides, the Fe content of the
slag decreased in both cases of experiments.

Keywords: Argon gas, flux, liquid iron, slag.
Classification number: 2.5

Quy trinh thi nghiém dugc bat ddu véi giai doan niu
chay 10 kg gang thoi trong 16 cam tng trung tan. Sau khi
nau chay, gang 1ong duoc giir trong khoang thoi gian 2 phut
dé ddng déu thanh phan va nhiét do. Budc tiép theo, nap 0,3
kg chat khir gdm c6 xi luyén thép va véi vai ty 18 1:1 vao
trong gang 1ong. Thoi gian giit gang long cing véi chat khir
1a 10 phat. Mbi truong 10 giir trong 2 diéu kién khac nhau
dé danh gia kha nang khir S va P. Thi nghiém 1 tmg véi
méu S1, miéng 10 ¢6 thdi Argon bao vé trong sudt qua trinh
dé han ché khong khi tiép xtic voi gang long. Luu luong
thdi khi Argon 1a 300 ml/phit. Trong khi d6, thi nghiém 2
khong tién hanh thoi Argon bé mat gang 1ong ing v6i mau
S2. Budc cudi cung 1a ngit dién 10 cam tmg dé gang va xi
ngudi cung 16. Mau xi va gang dugc phan tich va kiém tra
thanh phan. Thanh phan hoa hoc cia mau gang dugc kiém
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tra bang may quang phd phat xa. Thanh phan cua xi dugc
xéac dinh bang kinh hién vi dién tir quét (SEM) két hop vi
phén tich thanh phan bang phd nguyén té (EDS).

3. Két gua va ban luan

3.1. Vai tro ciia moi trwong 16 véi khi bio vé doi véi kha
nang khur tap chat S trong gang

Bang 3 cho biét thanh phan hoa hoc cta cac mau gang
ban dau, mau S1 va mau S2. Két qua cho thiy, anh huong
13 rang ciia moi truong 16 voi khi bao vé dén ham lugng Si
clia 2 mau gang. Khi thoi khi bao vé, phan ting 6xy hoa xay
ra han ché, din dén ham lugng Si trong gang khong giam
sau. Theo d6, ham luong Si trong gang giam 1,44% (tur 2,69
xudng 1,25%). Trong khi d6, d6i v6i mau S2, phan ting 6xy
hoa Si xay ra thuan loi din dén ham luwong Si gidm 10 rét.
Ham lugng Si con lai sau 10 phat phan ung 1a 0,43%.

Bang 3. Thanh phan héa hoc mau gang sau thi nghiém.

Thanh phan gang (%
MAu phén tich P )
Si S P
S1 1,96 1,25 0,034 0,0865
S2 2,02 0,43 0,044 0,0861

Méi quan hé gitra ham luong Si trong gang va hé sb khir
S & cac diéu kién thi nghiém khac nhau dugc mo ta nhu &
hinh 1. Hé s khir S trong gang long dugc tinh theo cong
thirc sau:
m
< (%)

m,

’)7:

trong d6: n 1a hé s6 khir S trong gang long; m_la luong S
ban dau trong gang; m_la lugng S trong gang 1ong sau phan
ung.

Hinh 1 cho thdy, néu ham lugng Si trong gang giam
nhiéu hon trong mau S1 (ham luong Si trong miu S1 giam
1a 1,44%, trong mau S2 giam 14 2,26%) thi mic d6 khir S
trong gang long t6t hon so véi miu S2. Theo do6, hé sb khur
S ctia mau S1 16n hon rd rét so véi mau S2. Cu thé, véi khi
Argon bao v¢, h¢ s6 khir S trong gang dat gia tri la 38%,
trong khi néu khong c6 khi bao vé thi hé sé khir S chi l1a
19%. Piéu d6 ¢ nghia la kha ning khir S dat hiéu qua cao
hon trong mdi truong oxy hoa bi han ché. P6i véi mau S2,
phan (mg 6xy hoa xay ra thuan lgi hon dan dén ham luong
Si0O, tang Ién, két qua 1a do kiém don cua xi (Ca0O/Si0,)
giam. Do d96, qua trinh khtr S trong gang long khong thuan
loi. Két qua nay phu hop v6i nghién ciru cia F.M. Stephen
(2009) [6], theo d6, phan ung 6xy hoda Si trong gang lam
giam kha ning khir S. Mot nguyén nhan khac dan dén kha
ning khir S giam 1a do 4p suét riéng phan cta O ting khi
ham lugng SiO, trong xi cao.
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Hinh 1. Méi quan hé gitra ham lwong Si giam va hé sé khir S
trong gang.

Nhu véy, néu méi trudng 6xy hoa khong bi han ché thi
qué trinh khtr S trong tién xtr 1y v6i chét tro dung 14 xi luyén
thép va CaO s& khong thuan lgi. Do d6, bién phap han ché
qué trinh 6xy hoa Si bang cach ngin can qua trinh tiép xtc
gitta khong khi va gang 1ong 1a hiéu qua dé khar S trong
gang long. Két qua nay khuyén nghi mot giai phap dbi voi
nha san xuit thép khi can nang cao hiéu qua cia qua trinh
khir S trong tién xir Iy. Giai phap d6 14 tao moi trudng it tinh
oxy hoéa cho 10 chira gang long bang cach thoi khi Argon
trén bé mit gang.

3.2. Tap chit P trong gang va cdac nhin 16 anh huong

Bén canh viéc khur S, tap chat P cling can dugc danh
gi4 va phan tich trong qua trinh tién xir 1y gang long dé dua
ra giai phap hiéu qua loai bo tap chat nay. Néu loai bo tap
chat P trong gang 16ng trudc khi luyén thép, qua trinh luyén
thép sé thuan loi do ton it nguyén vt liéu va giam thoi gian
khir tap chat hon. Do dé, ning cao hiéu qua khir P trong
gang long can duoc nghién ctru. Piéu kién dé khir tap cht
P thudn loi 1a véi chat khir 6 d6 kiém cao, méi truong oxy
hoa va nhiét do thich hgp. Do do, khir tap chat P cdn moi
truong 6xy hoa, tirc 1a P trong gang sé& bi 6xy hoa va khuéch
tan vao xi. Phan tng khir tap chit P duge mo ta trong (1).

2[P+5[0]+4(Ca0)=4(Ca0).P,0, (1)

Két qua phén tich cac mau sau thi nghiém cho thy, ham
luong P gan nhu khong thay d6i (hinh 2). Nhu véy, qua
trinh khur P khong dat hi€u qua mac du do kiém cao trong
moi truong 6xy héa (mau S2). Nguyén nhan dan dén kha
nang khir tap chat P ciia gang khong dat hiéu qua dugc cho
la do 6xy hoa P khong xdy ra mdt cach thuan lgi. Hinh 2
cho thiy twong quan gitra ham luong P va Si trong gang. Si
bi 6xy hoa, trong khi P khong thay ddi nhiéu. Diéu d6 co
nghia 13 phan Gmg 6xy hoa xdy ra véi nguyén t Si trudc.
Ai lyc hoa hoc cia Si v6i 6xy 16n hon ciia P nén Si ¢6 kha
nang phan ung voi 6xy trudc. Hay noi cach khac, nguyén
t6 Si “cudp” oxy trude, dan dén han ché kha niang 6xy hoa
khir P trong gang. Két qua nay phu hop v6i nghién ctru ctia
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A. Hernandez va cs (1998) [4]. Oxy héa P trong gang long
xay ra khi Si du nho. Mot nghién ctru cho thay, ham lugng
Si trong gang nho hon 0,15% thi qué trinh khir P méi dién ra
thuan 1oi [7]. Qua trinh khtr P trong gang v&i chét khir chta
xi luyén thép can duoc nghién ctru thém trong tuong lai.
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Hinh 2. Méi quan hé gitta khtr P va ham Iwong Si cé trong
gang.

3.3. Hoan nguyén oxit sit trong xi luyén thép

Ham lugng FeO trong xi cao 1a mot trong nhimg van dé
can duoc giai quyét. Khi ham luong FeO trong xi cao din
dén xi kho dugc sir dung 1am nguyén liéu cho san xuét xi
mang. Bén canh do6, voi oxit st cao trong xi, mdt luong Fe
méat di dan dén mot sy lang phi 1on. Do d6, lugng Fe trong
xi can phai giam va tai st dung.

0.00 100 2.00 300 400 500 800 7.00 00 5.00 10.00
eV

’ Fe Mn Si
9% Khéi luong 10,80 435 3,01

Hinh 3. Két qua vi phan tich nguyén t6 theo ph6 EDS clia mau
xi ban dau.

Trong nghién ctru nay, ham luong Fe trong xi dugc phan
tich trudc va sau thi nghiém. Ham lugng Fe trong xi ban
dau 13 10,8% (hinh 3). Xi luyén thép phdi tron CaO véi ty
1¢ bang nhau, tao thanh chat khir trude khi cho vao gang
long, khi d6, thanh phan chat khir c6 ham luong Fe 13 5,4%.
Ham lugng Fe trong chat tro dung thay d6i duoc mé ta trong
hinh 4. Két qua cho thiy, ham luong Fe trong chat tro dung
chtra xi va CaO da giam manh; ham luong Fe da giam tu
5,4% xudng x4p xi 2,1% & ca hai diéu kién thi nghiém S1
va S2. Tuy nhién, mau xi S1 va S2 khong c6 su khac biét
16n vé& ham luong Fe con trong xi. Nhu vay, méi truong 10
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dugc khang dinh khong anh huéng nhiéu dén kha ning hoan
nguyén cua oxit sat trong xi.

Ham lwgng Fe trong xi (%)

MAu ban diu Miu S1 MAu S2

Hinh 4. Ham lwong Fe trong xi sau phan (rng khiv tap chét.

Tir két qua giam ham luong Fe trong xi, phan tng hoan
nguyén oxit sat dugc khéng dinh da xay ra. Két qua nay
khang dinh giai phap giam lugng Fe trong xi luyén thép khi
hoan nguyén oxit sat. Fe sau hoan nguyén da di vao trong
gang long. Phan tng hoan nguyén oxit sit dwoc mé ta nhu
trong (2) va (3). Trong dé, chit hoan nguyén c6 thé 1a Si va
C trong gang long.

(FeO)+[C]=[Fe]+{CO} )
2(FeO)+[Si]=2[Fe]+(SiO,) (3)
4. Két luan

Xi luyén thép c6 thé duoc st dung trong qua trinh tién
xtr Iy gang 10ng nhu mot chat khir tap chit. Anh huong cia
mdi truong 16 dén kha nang khir tap chét trong gang vai xi
luyén thép lam chét tro dung 1a ro rét. Mot s6 két luan duoc
dua ra nhu sau:

1. Ham lugng S trong gang long giam 38% trong diéu
kién thoi khi Argon bao vé trén bé mit gang 1ong. Khi khong
thoi khi bao vé, hé s6 khir S trong gang chi dat 19%. Véi
mai truong khong c6 khi bao vé, nguyén t6 Si trong gang bi
0xy hoa tao ra SiO, di vao xi, dan dén kha ning khir S trong
gang giam.
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2. Ham luong P khong thay ddi so v6i ham luong cua P
ban dau trong gang ¢ ca 2 diéu kién thi nghiém. Kha ning
khir P ciia gang 16ng duoc khang dinh 1a chwa hiéu qua cho
du c6/khong co khi Argon bao vé.

3. Ham luong Fe trong xi thu dugc sau phan ung la
2,1%. Ham lugng nay da giam xubng rd rét so voi 5,4% Fe
¢6 trong xi ban dau. Do dé, oxit sit trong xi duoc cho la da
hoan nguyén mot phan va di vao trong gang.
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TAI LIEU THAM KHAO

[1] M. Reuter, Y. Xiao, U. Boin (2004), “Recycling and environmental
issues of metallurgical slags and salt fluxes”, International Conference on
Molten Slags Fluxes and Salts, pp.349-356.

[2] H. Motz, J. Geiseler (2001), “Products of steel slags an opportunity
to save natural resources”, Waste Management, 21(3), pp.285-293, DOI:
10.1016/S0956-053X(00)00102-1.

[3] J. Yang, K. Okumura, M. Kuwabara, et al. (2002), “Desulfurization
of molten iron with magnesium vapor produced in-situ by aluminothermic
reduction of magnesium oxide”, ISLJ International, 41(7), pp.685-693, DOL:
10.2355/isijinternational.42.685.

[4] A. Hernandez, A. Romero, F. Chavez, etal. (1998), “Dephosphorization
and desulfurization pretreatment of molten iron with CaO-SiO,-CaF,-
FeO-Na,0 slags”, ISLJ International, 38(2), pp.126-131, DOI: 10.2355/
isijinternational.38.126.

[5] N.S. Hur, S.M. Jung, B.C. Ban (2004), “Dephosphorization and
desulphurization pretreatment of liquid iron using CaF,-free fluxes containing
BOF slags”, Process Metallurgy - Ironmaking, 75(12), pp.778-782, DOI:
10.1002/srin.200405842.

[6] E.M. Stephen (2009), Improvement of The Desulfurization Process by
Slag Composition Control in The Ladle Furnace, University of Technology,

66pp.

[7]1 K.J. Barker, C.D. Blumenschein, B. Bowman, et al. (1995), The
Making, Shaping and Treating of Steel, Pittsburgh, 767pp.



