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(57) Sang ché dé cap dén phuong phap san xuat thép nong chay, trong do sit duoc
khtr tryc tiép & trang thai ran chira SiO, va ALOs voi tong lugng bang hodc 16n
hon 3,0% theo khdi lwong va cacbon vai lugng bang hodc 16n hon 1,0% theo khdi
lugng. Ty 1€ cua st kim loai voi téng ham lugng sit chira trong sit duge khir truc
tiép O trang thai ran 1a bang hodc 16n hon 90% theo khdi lwong, va ham luong
cacbon du Cx la b.%mg hodc 16n hon 0,2% theo khbi luong so véi cacbon chira
trong sat dugc khtr truc tiép & trang thai ran. Phuong phap nay bao gdm budc
trong 10 thir nhat 12 budc lam néng chay 40 dén 100% theo khdi lugng sat duoc
khtr truc tiép o trang thai ran, va tach gang thoi nong chay c6 ham luong cacbon
nam trong khoang tir 2,0 dén 5,0% theo khdi luong va nhiét do nam trong khoang
tir 1350 dén 1550°C va xi c6 d6 bazo nam trong khoang tir 1,0 dén 1,4 va budc
trong 10 thtr hai 14 bude 1am néng chay phan con lai cta sit duoc khir ¢ trang thai
ran cing voi gang thoi nong chay duge tach ra trong 10 thi nhét va thdi oxy 1én
chat nong chay nay dé tach cacbon thanh thép néng chay.

FIG.1
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Linh vire ki thuat dwoc dé cip
Sang ché dé cap dén phuong phéap san xuit thép nong chay.
Tinh trang ky thuit ciia sang ché

Phuong phap san xuét sit truc tiép da duoc thyc hién trong d6 ngudn oxit sit
nhu quing st dugc khir & trang thai rin bing chét chira cacbon hodc khi khir dé thu
duoc st dugc khir tryc tiép. Phwong phép san xuét thép nong chay bang cach khir quing
sit bang khi ty nhién va 1am néng chay sit dugc khir tric tiép thu dugc nay trong 16 dién

dugc bdc 16 trong tai li€u phi sang ché 1.

Trong nhitng ndm gan day, su san xuat quang sat duwoc goi 1a loai cao cap co
ham lugng thap cua céac tap chat nhu ban quang giam di, nén tam quan trong cua quang

sat loai thip cp da tang lén.

Tuy nhién, sit dugc khir truc tiép thu dwoc tir quing sit loai thip cip lam nguyén
liéu chira mot lugng tuong d6i 16n cua ban quang, nén khi ban quang dugc nong chay

trong 10 dién, mot lwong lon xi dugc tao ra cung véi thép nong chay.

Do ham luong sat clia xi tao ra cling voi thép néng chay 1a cao & muc khoang
25% theo khdi lugng, luong xi cang 16n, luong sat chira trong xi cang nhiéu, va hiéu
suat ctia thép néng chay giam dang ké. Do d6, mic di quing sit loai thap cAp c6 gia
thanh cho mot don vi trong luong thép hon so v6i quang st loai cao cép, trong luong
clia quang sat can thiét dé tao ra mot don vi trong lwong thép néng chay & quing sét loai
thap cap 1a cao hon dang ké so vdi quing sit loai cao cép, va chi phi san xuét cia thép
noéng chay cho mot don vi trong lwong & quing st loai thap cap 1a khong khac nhiéu so

v6i chi phi cua quing sat loai cao cap.

Nhu dugc mé ta ¢ trén, viée sir dung quing sit loai thap cdp lam nguyén lidu
cho sit duoc khir truc tiép hién nay bi han ché bai vi khong c6 vu diém dang ké vé chi
phi do hiéu suét thap.

Sang ché da duogc tao ra khi xem xét vin dé nay, va muc dich cta no 1a dé xuét
phuong phap san xuét thép noéng chay c6 kha ning thu duoc véi hidu suat cao ngay ca

khi quang st loai thép cép dugc st dung lam nguyén liéu cho sat duoc khi truc tiép o
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trang thai ran.
Danh muc tai liéu vién dan
Tai liéu phi sang ché
Tai liéu phi sang ché 1: Masaaki ATSUSHI, Hiroshi UEMURA, Takashi

SAKAGUCHI, "MIDREX (Registered Trademark) Processes", R&D Kobe Steel
Technical Report, Vol. 60, No. 1, thang 4.2010, trang 5-11.

Ban chét k§ thuit caia sing ché

Theo két qua ctia cac nghién ctru khac nhau, cac tac gia sang ché da phat hién

duoc rang muc dich néu trén c6 thé dat duge bang cac giai phap sau day.

Phuong phéap san xuét thép néng chay theo mot khia canh cua sing ché 13
phuong phap san xuat thép noéng chay st dung sit duge khir truc tiép & trang thai rin
1am nguyén liéu, trong d6 sat duge khir truc tiép & trang thai rin ndy chira Si02 va Al,O3
v6i lwong tong cong bang hodc 16n hon 3,0% theo khéi lwgng va cacbon véi lugng bang
hoac 16n hon 1,0% theo khéi luong, ty 1€ cla st kim loai véi téng ham luong st chira
trong sit dwoc khir truc tiép & trang thai ran 12 bang hodc 16n hon 90% theo khéi luong,
va ham luong cacbon du Cx dwoc chi ra bang cong thirc (1) sau day véi cacbon chira
trong s&t duoc khir truc tiép 0 trang thai rn 1a bﬁng hodc 16n hon 0,2% theo khéi luong,
phuong phap niy bao gém budc trong 10 thir nhét 12 bude 1am néng chay 40 dén 100%
theo khdi lugng cta sit duge khir tryc tiép & trang thai rén, va tich gang thoi néng chay
c6 ham lugng cacbon nam trong khoang tur 2,0 dén 5,0% theo khéi luong va nhiét
ndm trong khoang tir 1350 dén 1550°C va xi c6 d6 bazo nim trong khoang tir 1,0 d&én
1,4 va budc trong 16 thir hai 1a buéc lam néng chay phﬁn con lai cia sit duge khir truc
tiép & trang thai ran ciing v6i gang théi néng chay duoc tach ra trong 10 thir nhét, va thdi

oxy 1én chét nong chay nay nay dé tach cacbon thanh thép nong chay.
Cx =[C] — [FeO] x 12 + (55,85 + 16) + 0,947 ... (1)

Trong cdng thirc nay, Cx: ham lugng cacbon du (% theo khéi luong), [C]: ham
lugng cacbon cua sat duoc khir truc tiép o trang thai ran (% theo khéi lugng), [FeO]:

ham luong FeO cua sat dugc khir truc tiép & trang thai ran (% theo khéi luong).

Muc dich, dau hiéu va wu diém cta sing ché s€ duoc 1am rd tir phan mé ta chi
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tiét sau day va cac hinh v€ kém theo.
M0 ta van tat cac hinh vé

Fig.1 1 so d6 cong nghé ctia phwong phéap san xudt thép nong chiy theo mot

phuong 4n theo séang ché.

Fig.2 12 db thi thé hién vi du vé mdi quan h¢ giita lugng cacbon chita trong sit

néng chdy va tong luong sat c6 thé duge chira trong xi cling ton tai véi sat nong chay.

Fig.3 1a hinh v& mat cit doc cua 10 luyén gang dién co thé duogc sir dung trong

phuong phép san xuét thép néng chiy theo mot phuong 4n theo sang ché.
M3 ta chi tiét sang ché

Sau day, phuong phap san xuat thép néng chdy theo mot phuong 4n cia sang

ché s& duoc mé ta cu thé, nhung sang ché khong bi gidi han & do.
Phwong phap san xuat thép nong chay

Phwong phap san xuit thép nong chay theo phwong 4n cia sang ché 1a phwong
phép san xuat thép nong chay sir dung sét dwoc khir trie tiép ¢ trang thai rin 1am nguyén
liéu, trong do sat duge khir truc tiép 0 trang thai ran nay chtra SiO2 va AlbOs v61 luong
téng cong bang hoic 16n hon 3,0% theo khéi luong va cacbon véi lugng bang hoic 1én
hon 1,0% theo khdi luong, ty 18 cua sit kim loai véi tdng ham luong sat chia trong sat
duoc khi truc tidp & trang thai rén Ia bing hodc 16n hon 90% theo khdi lugng, va ham
lugng cacbon du Cx dugc chi ra bang cong thirc (1) sau day v6i cacbon chira trong sat

duoc khir truc tiép O trang thai ran 1a bé'mg hodc 16n hon 0,2% theo khéi lugng.
Cx = [C] — [FeO] x 12 + (55,85 + 16) + 0,947 ... (1)

Trong cong thirc nay, Cx: ham lugng cacbon du (% theo khéi luong), [C]: ham
luong cacbon cua sat duogc khu truc tiép & trang thai ran (% theo khdi luong), [FeOl:

ham Iuong FeO cua sat duoc khir truc tiép O trang thai rin (% theo khdi lugng).

Theo cAu hinh néu trén, c6 thé dé xut phuong phap san xut thép néng chay
v6i hidu suét cao ngay ca khi quang sat loai thip cap duge st dung 1am nguyén liéu cho

st dugc khir tryc tiép o trang thai ran.

Hon nira, phuong phap san xudt thép néng chay theo phuong 4n cua sang ché,
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nhu duoc thé hién trén so dd cong nghé cia Fig.1, bao gdm budc trong 10 thir nhét 13
buée 1am nong chay 40 dén 100% theo khéi lwong sat dwoc khir tryc tiép & trang thai
rén, va tach gang thoi néng chay c6 ham lugng cacbon nim trong khoang tir 2,0 dén
5,0% theo khdi luong va nhiét d6 ndm trong khoang tir 1350 dén 1550°C va xi c6 do
bazo nim trong khoang tlr 1,0 dén 1,4 (sau day, dugc goi 1a "budc trong 10 thir nhat")
va budc trong 16 thtr hai 13 bude lam néng chay phén con lai cia sit duge khir truc tiép
& trang thai rin cung voi gang thoi nong chay duge tach ra trong 16 thir nhét, va thoi oxy
16n chit nong chay nay dé tach cacbon thanh thép nong chay (sau day, dwgc goi 1a "bude

trong 10 thir hai").

Trong phan sau ddy, mdi yéu cau ciia phwong phap san xudt thép néng chay theo

phuong an cua sang ché s€ dugc mo ta.
Sat dugc khtr tryc tiép & trang thai ran

Trong phuong phap san xuét thép nong chay theo phuong 4n clia séng ché, sit
dwoc khir truc tiép & trang thai ran c6 tong ham lwong clia SiO2 va ALOs bang hoic 16n
hon 3,0% theo khéi luong dugc su dung. Dé lam sit duge khir truc tiép 0 trang thai ran,
vi du, cac ngudn oxit st nhu quing sat, ching dwoc khir & trang thai ran bang chét chira
cacbon hodc khi khit, c6 thé dugc st dung. Khong co gi6i han cu thé ddi véi phuong
phép san xuit sit dugc khir truc tiép & trang théi rén, va cac phuong phap san xuét sir
dung thiét bi san xuét sit duoc khir truc tiép da biét nhu 10 c6 day quay, 10 khtr loai c6
day di dong nhu ghi 16 thang, 10 dimg nhur 16 giéng, va 10 quay nhu 16 nung quay c6 thé

duoc stir dung.

Khi téng ham lugng ctia SiO; va AOs cua sat duge khir truc tiép O trang thai
rin 12 nhé hon 3,0% theo khéi lugng, nguén oxit sit nhu quang sat dugc str dung dé tao
ra sit duoc khir truc tiép O trang thai ran 13 loai cao cép. Ngay ca khi sat duoc khir truc
tiép ¢ trang thai rdn nay dugc lam nong chay truc tiép trong 10 thit hai, lugng xi dugc
tao ra dudi dang san phém phu 1a nho, nén thép nong chay co thé thu duoc véi hidu suét
cao. Do do, khi téng ham luong cua SiO; va Al,Os3 cla sit dugc khu truc tiép & trang
thai rén 12 nhé hon 3,0% theo khdi lwong, khéng can ap dung phuong phép san Xudt
thép nong chay theo phuong 4n cta sang ché trong d6 sat dugc khir tryc tiép & trang thai

ran duoc tao thanh gang thoi noéng chay trong 10 thi nhét trude 10 thir hai. Do d6, trong
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phwong phap san xuét thép néng chay theo phwong 4n cua sing ché, sat dwoc khir truc
tiép ¢ trang thai ran c6 téng ham luong cua Si02 va ALOs3 bz"mg hodc 16n hon 3,0% theo

khéi lugng dugc su dung.

Ham luong cacbon cua sit duoc khir tryc tiép o trang thai rdn dugc thiét 1ap &
mirc bﬁng hodac 16n hon 1,0% theo khéi luong. Khi sat duge khir truc tiép ¢ trang thai
ran dugc noéng chay trong 1o thir nhét, FeO trong sit duge khir truc tiép O trang thai ran
dwoc khir bang cacbon chira trong sat duge khir truc tiép & trang thai ran, bang cach do6
tao ra khi CO. Bfmg cach thiét lap ham lugng cacbon cua st duoc khir truc tiép O trang
thai rén & mirc béng hodc 16n hon 1,0% theo khéi luong, thé tich da cua khi CO c6 thé
duoc tao ra, va béng cach do su tao bot xi du cé thé dat dugc bé‘mg khi CO tao ra nay.
Viéc gia nhiét hiéu qua tré thanh co thé dat duoc béng cach thuc hién qué trinh nung
noéng bang hd quang trong xi dugc tao bot nay. Theo quan diém nay, ham lugng cacbon
cla sit duoc khir truc tiép 0 trang thai ran tot hon 1a béng hoac 16n hon 1,5% theo khdi

luong.

Mit khéc, néu ham luong cacbon cia sit duoc khir truc tiép O trang thai rdn 1a
qué nhiéu, ndng dd cacbon clia gang théi néng chay co thé vuot qua ndng do cacbon
bdo hoa. Khi nong d6 cacbon ctia gang théi noéng chdy vuot qua ndng do cacbon bio
hoa, cacbon khong gop phan vao phan tng khir ctia FeO dugc théo ra bén ngoai 10 cling
v6i xi hodc khi xa duogc thai. Do d6, ham Iuong cacbon ciia sit dugc khir truc tiép &
trang thai rin t6t hon 1 bang hodc nhé hon 7,0% theo khdi lugng va tét hon nira 1a bang

hodc nhé hon 6,0% theo khdi luong.

Ty I¢ cua st kim loai véi té)ng ham luong sat chira trong sat dugc khur truc tiép
& trang thai ran (sau ddy, con duge goi 1a "ty 1¢ kim loai hoa cia sit duge khir tryc tiép
& trang thai rén" hodc don gian 1a "ty 18 kim loai hoa") duge thiét 1ap & mirc bang hodc
16n hon 90% theo khoi lugng. Bﬁng céch thiét 1ap ty 1€ kim loai hoa cua sat duoc khir
truc tiép ¢ trang thai ran & muc bang hoic 16n hon 90% theo khdi lwong, thép néng chay
¢6 thé duoc tao ra voi hidu sudt cao bang phuong phép san xuét thép néng chdy theo

phuong an cua sang che.

Khi ty 1 kim loai héa cua st dugc khir tryc tiép & trang théi rén 1a nhé hon 90%

theo khéi lwong, ham luong FeO trong sit duge khir truc tiép & trang thai rén ting lén.
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Ham luong cacbon cua sit dugc khir truc tiép o trang thai rin c6 thé dugc tang 1én trong
qua trinh thAm cacbon duoc thuc hién trong qua trinh sdn xuét sit duoc khir trie tiép o
trang thai ran. Tuy nhién, c6 gid1 han trén dbi véi ham lugng cacbon cta sat duoc khir
tric tiép & trang thai rin ma kha thi trong cong nghiép. Do d6, khi ham lugng cua FeO
trong sat duoc khir truc tiép 0 trang thai ran 13 cao, FeO ma khong dugc khur béng cacbon
chira trong sit dugc khir truc tiép & trang thai rén con lai trong 16 thir nhat. FeO khong
duoc khir nay rira gidi vao xi & dang nhu vay va duoc thao ra khoéi 16 thu nhét cung voi
xi. Nhu duoc md ta & trén, khi ty 1& kim loai hoa cua sit dwoc khir tryc tiép & trang thai
rén 1a nho hon 90% theo khéi luong, khé tao ra thép néng chay véi hiéu sut cao ngay
ca khi budc trong 16 tht nhét va bude trong 16 thi hai theo phuwong 4n cua séng ché dugc
st dung. Do do, trong phuong phap san Xuét thép nong chay theo phuong 4n cua sang
ché, ty 1é kim loai hoa cua sat duge khu truc tiép O trang thai ran duogc thiét l1ap & mirc
béng hoac 16n hon 90% theo khéi lwong. Hon nita, khi ham lugng FeO trong sat duogc
khit truc tip & trang thai ran 1 cao, ning luong can thiét dé khir FeO trong budc trong
10 tht nhit va bude trong 16 thit hai cling ting 1én. Do d6, ty 1€ kim loai hoa clia st dugc
khtr truc tiép & trang thai ran tt hon nita 13 bang hodc cao hon 92% theo khéi luong. Ty
1€ kim loai héa cang cao, ty 1€ kim loai hda cang tré nén t6t hon, nén khong c6 gi6i han
trén cu thé. Tuy nhién, do ty 1& kim loai héa qué cao s& lam giam nhiéu ning suit cta
sit duoc khir truc tiép 6 trang thai ran trong qué trinh san xuét sit duge khir trye tiép &
trang thai ran, ty 1 kim loai hoa t6t hon 13 bang hodc nhé hon 98% theo khdi luong, tot

hon nita 12 bang hodc nhé hon 97% theo khéi lugng.

Trong sb cacbon chira trong st dugce khtr tryc tiép & trang thai rén, ham luong
cacbon du Cx duogc chi ra bdi céng thite (1) néu trén dugc thiét lap & mirc béng hoac
16n hon 0,2% theo khéi luong. Ham luwong cacbon du Cx la lwgng cacbon con lai (sau
day, con duge goi 1a “cacbon du”) khi toan b FeO chira trong sat duoc khir truc tiép 4]
trang thai rdn dugc khir bang cacbon chira trong sit duoc khir truc tiép & trang thai ran.
Béng céch thiét 1ap ham lugng cacbon du Cx ¢ mirc bang hodc 16n hon 0,2% theo khi
lugng, khi sit dugc khur truc tiép O trang thai ran duoc nong chay trong 10 thu nhét, toan
bo FeO chtra trong sat duoc khir truc tiép O trang thai ran duoc khir bé‘mg cacbon chura
trong sat dugc khir truc tiép & trang thai ran nay. Do do, sy rira giai cua FeO chira trong

sat duoc khir truc tiép & trang thai ran vao xi ¢6 thé dwgc ngan chan.
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Ngoai ra, do ham lugng cacbon trong sit néng chdy c6 thé dugc ting 1én bdi
cacbon du ndy, c6 thé 1am giam ty 1& thdm cacbon bén ngoai cin thiét dé thu duoc gang
thoi nong chay c6 ham luong cacbon nam trong khoang tir 2,0 dén 5,0% theo khéi luong.
O day, "thAm cacbon bén ngoai" nghia 12 nap cacbon vao 10 cung véi sat dwoc khir tryc
tiép & trang thai ran. Mt khac, "thAm cacbon bén trong" nghia 14 sit dugc khir truc tiép
& trang théi rdn dugc lam cho chira cacbon. Qud trinh thdm cacbon bén trong ndy dugc
thuc hién, vi dy, trong qué trinh san xuét sat duge khir truc tiép O trang thai ran. Do qué
trinh thAm cacbon bén ngoai 1a kém hon qua trinh thdm cacbon bén trong vé hiéu qua
thdm cacbon, hiéu qua thdm cacbon co thé duoc ci thién néi chung béng cach thiét lap
ham lugng cacbon du Cx ¢ murc bf?mg hodc 16n hon 0,2% theo khéi lugng. 0 day, "hiéu
qua thAm cacbon" c6 nghia 1a ty 1& cua cacbon dugc hoa tan trong gang thoi néng chiy
v6i cacbon dugc nap vao 16 bang qua trinh thim cacbon bén ngoai hoic qua trinh thim

cacbon bén trong.

Ham lugng cacbon du Cx t5t hon 1a béng hodc 16n hon 0,2% theo khéi lugng,
va tbt hon nita 1a béng hodc 16n hon 0,5% theo khéi luong. Néu ham luong cacbon du
Cx 1a qua nhiéu, nong d6 cacbon clia gang thoi nong chay co thé vuot qua nong do
cacbon bio hoa. Khi ndng d6 cacbon ctia gang thoi néng chay vuot qua ndng dd cacbon
bao hoa, nhu dugc mo ta & trén, cacbon khong gop phin vao phan ting khir cia FeO
duoc thao ra bén ngoai 10 ciing véi xi hodc khi xa duge thai. Do d6, ham luong cacbon
du Cx tt hon 1a béng hodc nho hon 6,0% theo khéi lugng, va t6t hon nita 12 bfmg hoac

nhé hon 5,0% theo khéi lugng.

Tiép theo, mdi budc clia phuong phép san xuét thép nong chay theo phuong an

cta sang che s€ dugc mo ta.
Budc trong 10 thir nhat

Trong 10 th nhéat, 40 dén 100% theo khéi lugng cua sat dugc khu truc tiép o
trang thai rén, 1a nguyén liéu cho thép nong chay, dugc lam néng chay. Ty 1€ cia sit
duoc khi truc tiép O trang thai ran dugc nong chay trong 10 thar nhét c6 thé dugc xac
dinh phu thudc vao, vi du, téng ham lugng cua SiOz va Al,Os chira trong sat duoc khir
truc tiép O trang thai ran, luong xi myc tiéu dugc tao ra tir lwong con lai cua sat duogc

khtt truc tiép ¢ trang thdi ran trong 16 thit hai, va twong tu. Tt hon 1a tong ham lugng
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cta SiO2 va ALO;3 cang cao, ty 18 clia sat dugc khir truc tiép & trang thai ran duoc néng
chay trong 10 thir nhit cang cao. Piéu nay 1a do ty 1& cta st duge khir tryc tiép & trang
thai rén dugc nong chay trong 10 thir nhat cang cao, lugng xi tao ra trong 10 thir hai cang
nho, nén hiéu suit cua thép nong chay co thé cao hon. Mit khac, néu ty 1€ cua sit duoc
khtr tryc tiép & trang thai ran dugc néng chay trong 10 thir nhit dugc ting 1én nhiéu hon
muc can thiét, lugng dién nang sit dung cho 1 tan thép néng chay két hop trong budc
trong 10 thtr nhét va budc trong 16 tht hai ting lén. Do d6, ty 1é clia sat duge khi truc
tiép & trang thai rin duoc néng chay trong 16 thi nhét t5t hon 13 bang hosc 16n hon 45%
theo khoi lugng, va tdt hon nita 1a béng hodc 16n hon 50% theo khéi lugng. Ty 1€ cua
sit duge khir truc tiép ¢ trang thai rin dugc néng chay trong 10 thir nhét t6t hon 13 bang
hodc nho hon 95% theo khéi luong, tdt hon nita 1a bang hodc nhd hon 90% theo khdi

lugng.

Di véi 16 tht nhit, vi du, 10 luyén gang dién dugc mo ta sau day co thé dugc

st dung.

S&t duoc khir truc tiép O trang thai rin duoc nap vao 16 thir nhét va duoc nung
néng, va chét tao xi nhu voi song va dolomit dugc bd sung néu can theo tdng ham luong
ctia SiO; va ALOs cua sét duge khir truc tiép O trang thai ran. Ngoai ra, qua trinh thAm
cacbon bén ngoai néu can theo ham lugng cacbon cua sit dwoc khir truc tiép & trang thai
rén, sau d6 1am ndng chay dwoc thuc hién. Bang cic qué trinh ndy, gang thoéi nong chay
¢6 ham lugng cacbon nam trong khoang tu 2,0 dén 5,0% theo khéi luong va nhiét do
ndm trong khoang tir 1350 dén 1550°C va xi c6 d6 bazo nim trong khoang tir 1,0 dén
1,4 duoc tach ra. P& 1am giam ning luong can thiét dé nung nong, sit dugc khir truc
tiép & trang thai rin dwoc nap vao 16 thir nht tot hon 1a & trang thai trudc khi nhiét do

giam di sau khi tao ra no.

Fig.2 14 db thi thé hién vi du vé mbi quan hé giita lugng cacbon chita trong sat
néng chay va tong luong st ¢ thé duoc chira trong xi ciing ton tai voi sat nong chay.
Nhu dugc thé hién trén Fig.2, néi chung, lugng cacbon chua trong sit nong chay cang
16n, tdng lwong sit co thé dwgc chira trong xi cang nho. Tuc 13, gang thoéi néng chay co
ham lugng cacbon twong dbi cao dugc chira trong xi véi lwgng nho hon so véi thép nong

chay c¢6 ham lugng cacbon tuong d6i thap. Trong phuong 4n cua sang ché, gang thoi
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néng chay dé chi sat néng chay c6 ham lugng cacbon bang hozc 16m hon 2,0% theo khéi
lwong, va thép néng chay dé chi sat nong chay c6 ham lwong cacbon nho hon 2,0% theo

khéi luong.

Trong budc trong 16 thir nhét theo phuong 4n clia sang ché, ham lugng cacbon
cua gang thoi nong chay duoc thiét lap & mic 2,0 dén 5,0% theo khdi lugng. Do do,
téng lwong st ¢ thé duoc chira trong xi c6 thé giam di, va lugng sit dugc chuyén thanh
xi c6 thé giam di. Do do, téng lugng st duoc thao ra cung vdi xi co thé giam di, va sy
giam hiéu suit cua gang thoi nong chay c6 thé duge ngin chin. Hon nita, c6 thé ngan
chin sy giam hiéu suét ctia thép néng chay thu dugce trong 10 thir hai. Ham lugng cacbon

ctia gang thoi nong chay t6t hon 1a bing hoic 16n hon 3,0% theo khdi lugng.

Trong 16 thir nhét, nhiét 46 ctia gang théi néng chiy duoc thiét 1ap & muc 1350
dén 1550°C. Do d6, cacbon chira trong sit nong chay c6 thé duge hoa tan dé dua ham
lwong cacbon cia gang thoi nong chay dén mirc nam trong khoang tir 2,0 dén 5,0% theo
khéi lugng. Bang cach thiét 1ap nhiét d6 ctia gang thoi nong chay dén mirc bang hoic
cao hon 1350°C, d6 nhét cta xi giam di, nén gang théi noéng chay va xi ¢6 thé dugc tach
d& dang, va mdi trong sé gang théi néng chay va xi c6 thé dwoc thao dé dang ra khoi 16
tht nhat. Mat khac, bang cach thiét 1ap nhiét d6 ctia gang thoi néng chay ¢ mic bang
hoac thép hon 1550°C, c6 thé ngén chan sy 4n mon cua 16p 16t chiu Itra cua 1o tha nhét.
Nhiét d6 ctia gang thdi néng chay tot hon 1a bang hodc cao hon 1400°C. Ngoai ra, nhiét
d6 cua gang thoi nong chay t6t hon 1a bang hoic thdp hon 1530°C.

b6 bazo cua xi dugc thiét lap & mirc nam trong khoang tir 1,0 dén 1,4. Bé‘mg
cach thiét 1ap d¢ bazo cua xi ¢ muc béng hoac nho hon 1,4, d6 long cua xi co thé duoc
dam bao, va xi c6 thé dugc thao dé dang ra khoi 10 thir nhét. Hon nita, khi vat liéu chiu
Ira c6 tinh bazo dugc sir dung lam 16p 16t chiu ltra cua 1o thir nhét, sy dn mon vat lidu
chiu lira do xi ¢6 thé dwoc ngan chin bang cach thiét 1ap dd bazo cla xi & muc bang
hodc 16n hon 1,0. 0 day, do bazo cua xi c6 nghia la ty 1€ khéi luong ctia CaO véi SiO2
(CaO /Si0y) déi v6i CaO va SiO; chira trong xi. P bazo cla xi co thé dugc diéu chinh
br?lng cach diéu chinh luong chét tao xi duogc nap vao 1o thr nhét cung voi sat duoc khur

truc tiép & trang thai ran.

Budc trong 10 tht hai
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Trong 10 thir hai, phén con lai cta sat duge khir truc tiép & trang thai ran dugc
nong chay cung véi gang thoi noéng chay dugce tach ra trong 16 thur nhét, va oxy duoc
thdi 1&n cht néng chay nay dé tach cacbon thanh thép néng chay. Do 40 dén 100% theo
khdi luong cua sit dugc khi truc tiép & trang théi rén dwoc nong chay trong 16 thir nhét,
phan con lai ctia sat duge khir truc tiép & trang thai ran dugc noéng chay trong 10 thit hai
nim trong khoang tir 0 dén 60% theo khéi lwong. Téc 13, khi tong lwong ciia sat duoc
kht truc tiép & trang thai ran (100% theo khéi lugng) duge néng chay trong 10 thi nhit,
khong co sat dugc khir truc tiép & trang thai ran (0% theo khdi lrong) dugc nong chay

trong 10 thir hai.

Pé 1am 10 tht hai, 16 hd quang dién thong thuong (electric arc furnace, EAF)
ma tao ra plasma hd quang dé thyuc hién qua trinh nung néng cé thé duoc sir dung. Gang
thoi nong chay thu dugc trong 10 thu nhét dugce rét vao 16 thi hai, phén con lai cua sit
dwoc khtr truc tiép & trang thai ran dugc nap vao d6, va sau d6 gang thoi nong chay va
st dugc khir truc tiép & trang thai rin ndy dugc nung nong va 1am ndng chay. O thoi
diém nay, dua trén thanh phan cia sat dugc khir truc tiép & trang thai rdn va tuong tu,
chét tao xi nhu voi sdng va dolomit c6 thé dugc bd sung thich hgp vao chét nong chay

néu can.

Chét néng chay duoc chira trong 10 thit hai chita gang thoi nong chay tang lén
b%’mg cach lam nong chay sit duoc khir truc tiép O trang théi ran va xi tao ra tir SiOy,
Al2O3, v.v.. chtta trong sat duogc khtr truc tiép O trang thai ran. Oxy duogc thdi tir mat trén
ctia cht néng chay hoic tir phan duéi 10 dé oxy héa cacbon chira trong gang thoi nong
chdy va loai bo cacbon dudi dang cacbon monoxit. Do d6,thép néng chay co thé thu
duge. Hon nita, néu can, thanh ph:‘?m clia xi ¢6 thé dugc didu chinh béng chét tao xi dé
chuyén cac tap chat chira trong gang thoéi néng chay sang xi, nén ham lugng tap chit ctia

thép noéng chay co thé dugc diéu chinh t&i gia tri mong mudn.

D6 bazo clia xi trong 10 thit hai 12 khong bi gidi han cu thé, nhung khi vat liéu
chiu ltra ¢6 tinh bazo duoc sir dung trong phén cua 10 tht hai tiep xtc véi xi, dd bazo
cua xi tot hon 1a cao, vi du bf?mg 1,8, d€ ngin chin sy &n mon cua vat lidu chiu lra co

tinh bazo.

Hon nita, lugng cacbon chira trong thép nong chay sau khi loai cacbon ¢ thé
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dwoc didu chinh téi gia tri mong mudn theo viéc str dung thép thu duoc bang cach hoa

rn thép nong chay.

Ngoai ra, sat vun c¢6 thé dugc nap vao 16 thir hai ngoai gang thoi nong chay thu
duogc trong 16 thir nhét va phﬁn con lai cua sit duoc khir truc tiép O trang thai ran. Ngoai
ra, toan b luong gang thoéi nong chay thu duge trong 10 thir nhit c6 thé dugc rét vao 10
thir hai & dang nhu viy. Mot phin cta gang thoi nong chay thu dugc trong 16 thir nhét
dugce lam ngudi va duc thanh gang thoi, va gang thdi nay duoc bd sung vio gang théi
noéng chay thu dwoc trong 16 thir nhat va phan con lai cia sét duge khir tryc tiép o trang
thai rin va sau do duoc nap vao 10 tht hai. Hon nita, gang thoi co thé dugc ban ra ngoai

dé 1am nguyén liéu cho 16 luyén thép.

Theo phuong phap san xuit sit nong chay theo phuong 4n cua sang ché, nhu
dwoc mo ta & trén, sy giam hidu sudt cia gang théi néng chay cé thé duoc ngan chan
trong 16 thr nhat, va thép néng chay c6 thé thu dugc tir gang thoi nong chay trong 10 thir
hai, nén thép néng chay nay c6 thé thu dugc véi higu suét cao ngay ca khi quing st loai

thdp cap duogc str dung lam nguyén liéu cho sét duoc khu truc tiép & trang thai ran.

Khi toan b luong sat duoc khir truc tiép 0 trang théi rin dugc néng chay trong 10 thu
nht

Nhu duge mo ta & trén, khi toan bd lugng sit duge khir truc tiép & trang thai rin
(100% theo khdi lugng) duoge nong chay trong 10 thi nhét, khong c6 sit dwoc khr truc
tiép & trang thai rin (0% theo khdi lugng) duge nong chdy truc tiép trong 16 thir hai ma
khong di qua 16 thir nhét. Do d6, trong 16 thit hai, chi c6 gang thoi nong chay duoc tach
ra trong 10 thir nhit dugc loai cacbon. Trong trudng hop ndy, do gang thoi ndng chay
khong duoc 1am ngudi bang sit dwgc khir truc tiép & trang thai ran va sy nung néng
gang thoi nong chay 1a khong can thidt, 10 thdi co thé duge st dung 1am 16 thtt hai. Diéu
nay 1am cho c6 thé 1am gidm ning luong can thiét dé tao ra thép néng chay trong 16 thir
hai. Khi 16 thdi duoc st dung, chat tao xi dwgc nap vao 1o théi cting véi gang théi néng
chay néu cin, va oxy dugc thbi 1én gang théi néng chay tir it nhit mot trong s phia trén

va phia du6i dé loai cacbon clia gang thoi nong chay nay.
Lo luyén gang dién

Tiép theo, 10 luyén gang dién (EIF) ma c6 thé duoc s dung 1am 16 thir nhat
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trong phuong phap san xuat thép néng chay ctia phuong an ctia sing ché s& duoc m ta.

Fig.3 14 hinh v& mat cit doc cua 10 luyén gang dién. Lo luyén gang dién 10 1a 1o
noéng chay kiéu ¢ dinh khong nghiéng duoc dé 1am nong chay sat dugc khir truc tiép &
trang thai rin biang cach nung ndng bing hd quang chu yéu bao gém nhiét birc xa. Sau
day, cac sb chi din duge mo ta trong cac hinh vé dé chi 1: sit dugc khir tryc tiép ¢ trang

théi rén, 2: gang thoi néng chay, 3: xi, va 5a: hd quang.

Lo luyén gang dién 10 c6 than chinh 11 dé chira sit dugc khir truc tiép O trang
thai rin 1, gang thoi néng chay 2 va xi 3; dién cuc 5 dwoc bd tri trén phan trén cia than
chinh 11 d& nung nong sit duoc khir truc tiép ¢ trang thai ran 1, gang thdi néng chéy 2
va xi 3 chira trong than chinh 11 bang hd quang 5a; bo phén nap 6 dé nap sit dugc khi
truc tiép ¢ trang thai ran 1 vao than chinh 11; bo phén xa 7 dé thao khi va bui tao ra béng
cach nung néng sit dugc khi tryc tiép & trang thai ran 1, gang thoi néng chay 2 va xi 3;
bd phan nip 8 dé day than chinh 11 tir bén trén; va by phan 1am ngudi 9 dé 1am ngudi
than chinh 11. B phan nép 8 ¢6 16 xuyén ma dién cuc 5, bd phan nap 6 va bd phén xa
7 xuyén qua. Hon nita, than chinh 11 ¢ 15 thao xi 11a dé thao xi 3 va 13 théo 11b dugc
bé tri bén dudi 16 thao xi 11a dé thao gang théi nong chay 2 theo cach xuyén twong (mg
qua thanh. L3 thdo xi 11a va 13 thao 11b ¢6 thé dugc dong lai bang sing bin bun va

duoc mé ra bang khoan.

Bo phéan lam ngudi 9 c¢6 bd phan lam ngudi thir nhét 9a duogc bd tri dé bao quanh
chu vi ngoai cua than chinh 11 va b phan lam ngudi thir hai 9b dugc bd tri bén trén bod
phan nép 8. M3i bo phan lam ngudi thir nhét 9a va bo phan 1am ngudi thi hai 9b c6 chu
tric 1am ngudi bang nudc va 1am ngudi than chinh 11 va bd phan nép 8. BO phan lam
nguéi thir nhit 9a va b phan 1am ngudi thir hai 9b c6 thé cé ciu trac lam ngudi bing
khéng khi. Bang cach bb tri bd phan lam ngudi 9, than chinh 11 c¢6 thé dwge lam ngudi,

va sy dn mon vét liéu chiu lira tao thanh than chinh 11 c6 thé duge ngan chan.

Lo luyén gang dién 10 c¢6 chu tric kin ma c6 thé duy tri phan bén trong cta 10
trong moi truong duge xac dinh trudc. Do d6, cac by phan ma ¢ thé lam giam d¢ kin
khi trong 10, nhu cac bd phan ni giita bo phan ndp 8 va dau trén cia than chinh 11 va
cac bd phan ma tiép xuc véi dién cuc 5 va bd phéan xa 7 cua bg phan nép 8, duoc bit kin

bang k¥ thuat da biét nhu bit kin bang nito hodc vong bit kin bang gébm. Hon nita, chi
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tiét bit kin 6a két hop bit kin chit  bang ph&u va bd phan cép liéu dé théo sat duoc khir
truc tiép ¢ trang thai rin 1 tir phdu nay dwoc b tri giita bo phan nap 6 va bo phan nap

8. Chu trac cia chi tiét bit kin 6a khong bi gioi han & cAu tric nay.

Tiép theo, phuong phép san xuét gang théi néng chiy 2 bang cach st dung 16
luyén gang dién 10 s€ dugc mo ta. St dwoc khir truc tiép 0 trang thai rin 1 va, néu can,
chét tao xi nhu voi séng va dolomit va chét thim cacbon bén ngoai dugc nap vao than
chinh 11 qua bd phan nap 6. Sau do, dién cuc 5 dugc ndi dién, va st duge khir truc tiép
& trang thai ran 1 duoc nung nong bang hd quang 5a dugc tao ra tr d4u mut cta dién
cuc 5. Khi nhiét d6 cta st duoc khir truc tiép 0 trang thai rén 1 tang lén, st oxit (FeO)
chtra trong sit dwoc khir truc tiép & trang thai ran 1 trudce hét duoc khir bang cacbon
chira trong sat dugc khir truc tiép O trang thai rin 1. O thoi diém nay, cacbon monoxit
duoc tao ra, va moi trudng bén trong than chinh 11 tré thanh moi truong khir chu yéu
bao gém cacbon monoxit. Tiép theo, sit kim loai chuta trong sat duoc khir truc tiép 4]
trang thai ran duoc 1am néng chay, va cacbon chira trong sat duge khir truc tiép O trang
thai rin 1 hoa tan trong sat kim loai néng chay nay, nén ham luong cacbon trong sit kim
loai duoc ting 1én dé tao ra gang thoi néng chay 2. Hon nita, SiO2 va AOs chira trong
sat dugc khir truc tiép 6 trang thai ran duge nong chay dé tao ra xi 3 dudi dang san phém
phu, n6 n6i lén  trén gang théi néng chay 2. Sau khi xi 3 duoc tao ra, dau mut cta dién

cuc 5 duoc bd tri bén trong xi 3 dé tao ra ho quang Sa bén trong xi 3.

Trong khi dién cyc 5 dugce ndi dién, sit dugc khir truc tiép 6 trang thai rén 1,
chét tao xi, va chét thAm cacbon bén ngoai dugc nap lién tuc vao than chinh 11, va luong
gang thoi néng chdy 2 va luong xi 3 tidng din dé lam ting mtrc chit long. Khi mirc chit
long cua gang thoi nong chay 2 dat toi chidu cao duoc xac dinh trudc bén dudi 16 théo
xi 11a, hodc khi mtrc chét long cua xi 3 dat to1 chiéu cao dugc xac dinh trudc bén trén
15 thao xi 11a, 15 thao xi 11a dugc mé dé bat diu thao xi 3, va chidu cao clia mirc chat
1ong cua xi 3 duoc didu chinh. Mirc chat long ctia xi 3 dugc duy tri bén trén dau trén clia
16 thao xi 11a sao cho moéi trudng bén trong than chinh 11 dugc duy tri. Hon nita, do
day cua 16p xi 3 dugc duy tri it nhét bﬁng hodc 16n hon d6 day duoc xac dinh trudc nén
hd quang 5a cé thé dugc tao ra trong xi 3. Do do, xi 3 ¢6 thé duoc théo lién tuc ra khoi
than chinh 11 trong khi s&t duoc khir tryc tiép & trang thai ran 1 dugc nap lién tuc vao

than chinh 11.
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Khi mérc chit 16ng cia xi 3 giam t6i dau trén cua 16 thdo xi 11a hodc khi do day
cua xi 3 dat t&i 46 day dugce xéc dinh trude néu trén, 15 thao xi 11a dugc dong lai, va khi
mirc chét 1ong ctia gang théi nong chay 2 dat t6i chiéu cao dugc x4c dinh trudc bén dudi
15 thao xi 11a hodc khi mirc chét 1ong cua xi 3 dat téi chiéu cao duoc xéac dinh trudc bén
trén 15 thao xi 11a, 15 thao xi 11a lai dugc mé ra. Can luu ¥ ring chidu cao clia mitc chat
16ng cua gang thoi nong chay 2 va do day cua xi 3 dugc ude tinh tir lvong sit duge khir

truc tiép o trang thai ran 1 dugc nap vao than chinh 11.

Hon nita, khi méc chat 1ong cta gang thoi nong chay 2 dat t6i chidu cao duoc
xac dinh trudc bén trén 16 thao 11b, su thdo gang théi nong chay 2 duoc bat dau va chidu
cao ctia mirc chit 1ong cia gang théi néng chay 2 duge didu chinh. Mitc chét long cua
gang thoi nong chay 2 dugc duy tri bén trén 16 thdo 11b nén xi 3 khong dwoc théo ra
cung véi gang thoi ndng chay 2. Do d6, gang thoi nong chay 2 co thé dugc thao lién tuc
ra khoi than chinh 11 trong khi sit duge khir tryc tiép & trang thai ran 1 duoc nap lién

tuc vao than chinh 11.

Khi muc chat 16ng cua gang théi nong chdy 2 giam toi dau trén cta 16 théo 11b,
18 thédo 11b duge dong lai, va khi mirc chat 16ng ctia gang thoi néng chdy 2 dat t6i chidu
cao duoc xac dinh trudc hoac khi muc chét 1ong cua xi 3 dat t6i chiéu cao dugc xac dinh

trudc bén trén 18 thao xi 11a, 16 thao 11b lai duoc mé ra.

Nhu duwgc mé ta & trén, bang cach sir dung 10 luyén gang dién néu trén lam 1o
thtr nhat trong phuong phap san xuat thép nong chay theo phuong an cia sing ché, gang
théi c6 thé dugce tao ra lién tuc tir sat duge khir truc tiép O trang thai rén va c6 thé duogc
tao ra mot cach hiéu qua, nén ndi chung thép noéng chay co6 thé dwoc tao ra mot cach
hi¢u qua.

Sang ché boc 16 cac khia canh khac nhau cua cic ky thudt nhu duoc mo ta &

trén, va cac k¥ thuat chinh duogc tom tat dudi day.

Nhu duoc moé ta ¢ trén, phuong phép san xuét thép nong chay theo mot khia
canh ctia sang ché 1a phuong phap san xuét thép néng chdy st dung st duge khir truc
tiép & trang thai ran 1am nguyén liéu, trong d6 st duoc khir truc tiép & trang thai ran
nay chira SiO; va ALOs3 voi téng lwong bang hodc 16n hon 3,0% theo khéi lugng va

cacbon véi luong bing hodc 16n hon 1,0% theo khéi lugng, ty 1€ cia sét kim loai véi

14

14/25



43434

téng ham lugng sit chtra trong sit duge khir truc tiép O trang thai ran la bé‘mg hoac 16n
hon 90% theo khéi lwong, va ham lwong cacbon du Cx duge chi ra bang cong thirc (1)
sau ddy v6i cacbon chua trong sit duoc khir truc tiép & trang thai rén 1a bang hoic 16n
hon 0,2% theo khdi lwong, phwong phap niay bao gom budc trong 16 thi nhét 13 budc
]am néng chay 40 dén 100% theo khéi lugng sét dugc khir truc tiép & trang théi ran, va
tach gang thoi nong chay c¢6 ham lugng cacbon nim trong khoang tir 2,0 dén 5,0% theo
khéi luong va nhiét d6 nim trong khoang tir 1350 dén 1550°C va xi c6 d6 bazo nim
trong khoang tur 1,0 dén 1,4 va budc trong 16 thir hai 13 budc lam nong chay phan con
lai cua sit duge khir truc tiép & trang thai rdn ciing v6éi gang thoi nong chay dugc tach
ra trong 10 thtr nhit, va théi oxy 1én chat néng chdy nay dé tach cacbon thanh thép néng

chay.
Cx =[C] — [FeO] x 12 + (55,85 + 16) + 0,947 ... (1)

Trong cong thirc nay, Cx: ham lugng cacbon du (% theo khéi luong), [C]: ham
lrong cacbon cua sat duoc khir truc tiép O trang thai rin (% theo khéi lugng), [FeO]:

ham luong FeO cua sit dugc khir tryc tiép & trang thai ran (% theo khdi luong).

Theo céu hinh nay, téng luong st c6 thé dugc chira trong xi dugc tach ra co thé
gidm di trong 10 thir nhat, va téng lwong sit dugc thao ra cing véi xi c6 thé giam di. Do
do, su giam hiéu suit cia gang thoi nong chdy co thé dugc ngan chan trong 10 thr nhét,
va thép nong chay co thé thu duge tir gang thoi néng chay nay trong 10 thir hai. Do do,
ngay ca khi quang sat loai thap cap duogc sir dung 1am nguyén liéu cho sat duoc khir truc

tiép & trang thai ran, thép nong chay cé thé thu dugc v6i hidu suit cao.

Trong 10 thi nhét ¢6 cAu hinh néu trén, sit duoc khir truc tiép O trang thai ran
c6 thé dugc nong chay bang hd quang, va gang thoéi nong chay va xi co thé duoc théo ra
lién tuc twong tng tir 10 thi nhat.

Do d6, gang thoi néng chay co thé duoc tao ra mot cach hiéu qua trong 10 thir
nhét, nén thép néng chay c6 thé dugc tao ra mot cach hiéu qua bang phuong phap san
xuit thép néng chdy noi chung.

Sau day, sang ché s& dugc mo ta cu thé hon dua vao cac vi du. Cac vi du sau
day khong dwoc hiéu 13 1am gi¢i han pham vi cla sang ché, va sang ché co thé duogc

thuc hién véi cac cai bién dugce bo sung trong pham vi phit hgp véi cac muc dich dugc
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md ta & trén va dudi ddy, va cai bién bit ky trong sé ching can dugc bao gdm trong
pham vi k¥ thuat ciia sang ché.
Vi du thue hién siang ché
Céc diéu kién thir nghiém

Viéc mé phong bang may tinh dugc thyc hién dbi véi qua trinh san xuit thép
nong chay cua cac thir nghiém s6 1 dén 3 sau day bang cach str dung 10 luyén gang dién
(16 th&r nhat) va 10 hd quang dién (10 thi hai) dwoc mé ta & trén va st dung céc sit dugce
khtr truc tiép O trang thai ran, mdi sit nay c6 thanh phén duoc thé hién trong bang 1 1am
nguyén liu. Sat duoc khir truc tiép 0 trang thai rin A1 duogc tao ra tir quang sat loai thép
cAp 1am nguyén liéu va c6 téng ham luong cua SiO» va ALOs bang 7,63% theo khdi
luong. Sit duoc khir truc tiép O trang thai ran A2 dugc tao ra tlr quing sét loai cao cép
lam nguyén liéu va c6 tong ham luong cia SiO; va ALOs bang 2,47% theo khdi lugng.
Ty 16 kim loai hoa 14 94,0% trong mdi trudng hop. “T.Fe” dugc thé hién trong bang 1

¢6 nghia 13 tng ham lwong sit chira trong sat dwgc khir truc tiép & trang thai ran.

Béang 1
Sat dwoc khir tryc| _Thanh phan (% theo khoi luong) sio, | Tv 1é kim loai
tiep ¢ trang thai . hoa
n T.Fe | SiO; | ALO3 | CaO | MgO | C | +ALO; %)
Al 88,3 | 7,63 0,00 | 047 [ 0,51 [ 1,5] 7,63 94,0
A2 93,1 | 1,721 0,75 [ 0,89 | 0,34 | 1,5 | 247 94,0

Tht nghiém 1

Thir nghiém 1 1a vi du theo sang ché. Trong thir nghiém 1, thir nghiém duoc
thuc hién béng cach str dung sat duoc khir truc tiép 0 trang thai ran Al. Trong 1o thi
nhét, 70% theo khbi lugng cua sat duge khir truc tiép O trang thai ran dugc tao thanh
gang thoi nong chay. Trong 10 thir hai, phin con lai ciia sat dugc khir truc tiép & trang
thai rdn dugc ndng chay cung véi gang théi nong chay thu dugc trong 10 thi nhit va sau

d6 duoc loai cacbon dé thu duoc thép néng chay.

Trong 10 thi nhét, sit dugc khir truc tiép O trang thai ran & 500°C dugc nap vao
16 luyén gang dién, va ham lugng cacbon ctia gang thoi nong chay dugc thiét 1ap 6 3,0%
theo khéi lurong. Trong 10 thr hai, sat dugce khir truc tiép O trang thai rin & 25°C duoc
nap vao 10 hd quang dién, va ham lugng cacbon cia thép nong chdy duogc thiét 1ap &

0,05% theo khdi lugng.
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Trong cé 10 thir nhat va 10 tht hai, voi séng va dolomit dwgc st dung 1am chat
tao xi, va nhu duoc thé hién trong cac bang 2 va 3, d§ bazo cia xi dugc thiét lap & muc
1,3 trong 16 thi nhat va 1,8 trong 10 thir hai. Nhiét do cua gang théi néng chay cua 16
thir nhat 12 thip hon nhiét d6 cua thép néng chay cia 16 thw hai, va ham lugng FeO ciia
xi ciing 14 thap, nén tai luong vat liéu chiu hira c6 tinh bazo duoc giam di dé 1am cho c6

thé 1am giam do bazo cua xi cta 10 thir nhat.
Thir nghiém 2 va thtr nghiém 3

Thir nghiém 2 va thir nghiém 3 1a cac vi du so sanh. Thir nghiém nay dugc thue
hién bing cach st dung sit dwoc khir truc tiép ¢ trang thai ran Al trong thir nghiém 2
va st duoc khir truc tiép & trang thai rin A2 trong thir nghiém 3. Trong ca thir nghiém
2 va thir nghiém 3, toan b (100% theo khéi lwong) st duge khir truc tiép ¢ trang thai
ran duoc noéng chay trong 16 thlr hai va dugc loai cacbon dé thu duogc thép nong chay.

Do d6, trong thir nghiém 2 va thir nghiém 3, 16 th nhat khéng duoc sir dung.

Trong ca thir nghiém 2 va thir nghiém 3, sat duge khir truc tiép O trang thai ran
& 500°C duoc nap vao 16 hd quang dién, va ham lugng cacbon cua thép nong chay dugc
thiét lap 6 0,05% theo khéi luong. Ngoai ra, voi séng va dolomit dugc sir dung lam chét

tao xi, va d0 bazo cua xi dugc thiét 1ap & mtc 1,8 nhu duge thé hién trong bang 3.

Béng 2
Lo thit nhat Thu nghiém 1

P bazo cua xi 1,3
Ham lugng MgO cua xi (% theo khéi lwong) 15
Ham luong FeO cua xi (% theo khdi lugng) 1,0
Ham lugng cacbon ctia gang thoi ndng chay (% theo khéi lugng) 3,0
Nhiét do cua gang thoi nong chay (°C) 1530
Luong st duoc khir trye tiép (500°C) duge sir dung (kg/tan) 1098
Luong voi sdng duoc str dung (kg/thn) 88,3
Luong dolomit dugc st dung (kg/tan) 55,4
Luong cacbon dwoc st dung (kg/tin) (thdm cacbon bén ngoai) 28,50
Lugng oxy dugc st dung (Nm’/tin) 0
Luong dién nang dugc su dung (kW gio/tan) 591,1
Luogng xi tao ra (kg/ tAn) 237
Hiéu suét ctia gang thoi nong chay (%) 99,8
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18/25
Bang 3
Lo th{ hai Thir nghiém 1|Tht nghiém 2| Thir nghiém 3
P bazo cua xi 1,8 1,8 1,8
Ham luong MgO cua xi (% theo khéi lugng) 12 12 12
Ham lwong FeO cua xi (% theo khdi lugng) 25,0 25,0 25,0
Nhiét do cia thép nong chay (°C) 1630 1630 1630
Luong gang thoi nong chay (1300°C) duoc st 7443 0 0
dyng g - :
I&:lrrclyg%ksga/i grllx)qc khtr truc tiep (25°C) dugce su 355.1 0 0
I(Illlrrcly;lf(;ksga/tt gll)qc khu trye tiep (500°C) duoc su 0 1231 1095
Luong voi séng duoc sir dung (kg/tin) 54,9 1494 19,3
Luong dolomit dugc st dung (kg/tén) 34 87,0 18,4
Luong dién nang dugc st dung (kW gi(‘f/tén) 203,9 5425 461,5
Lugng cacbon duge st dung (kg/tan)
(thdm cacbon bén ngoai) 0 0 0
Lugng oxy duoc sit dung (Nm?/tan) 31,7 23,2 7,6
Lugng xi tao ra (kg/tan) 169 456 104
Hiéu suét cla thép néng chay (%) 96,8 91,9 98,0

Céc két qua thir nghiém

Bang 2 thé hién luong cac nguyén liéu va dién nang duoc str dung dé san xuit
cho 1 tAn gang thoi nong chay, luong xi tao ra, va hiéu suit ctia gang thoi nong chay.
Bang 3 thé hién lugng cac nguyén liéu va dién nang dugc sur dung dé san xuét cho 1 tin
thép ndng chay, lugng xi tao ra, va hiéu suét ctia thép noéng chdy. Bang 4 thé hién lugng
cac nguyén liéu va dién nang duoc su dung dé san xuét cho 1 tan thép néng chay thu
duoc bing cach két hop bude trong 16 thir nhét va budc trong 10 thi hai, va hiéu suat
ctia thép néng chay. O ddy, hiéu sudt cua gang thoi néng chay 1a ty 1€ (% theo khoi
lwong) cua ham lugng sit duge thu hdi dudi dang gang thoéi nong chay voi ham luong
sat dugc nap vao 10 thir nhét dudi dang sat dugc khir truc tiép O trang thai ran. Lién quan
dén hiéu suit caa thép néng chay, ty 18 (% theo khbi lugng) cua sit duoc thu hdi dudi
dang thép nong chay véi ham luong sat dugc nap vao 10 thir hai dudi dang sat duoc khir
tryc tiép & trang thai ran va gang théi néng chay trong thir nghiém 1 va dudi dang sat

duoc khtr truc tidp ¢ trang thai rén trong thir nghiém 2 va thir nghiém 3. Lién quan dén
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thir nghiém 1, "tong hiéu suét cia thép néng chay" trong bang 4 dugc tinh theo ty 18
phin trim (% theo khdi luong) ciia hiam lwong sit duoc thu hdi dudi dang thép néng
chay trong 16 th hai v6i tdng ham luong sét dugc nap vao 16 thi nhat va 16 thit hai dudi

dang sit dugc khir tryc tiép o trang thai ran.
Thir nghiém 1

Trong thtr nghiém 1, ham lugng cacbon ciia gang thoéi néng chay la cao & mirc
3,0% trong 10 thu nhat, nén ham luong FeO cua xi la thép & murc 1,0% theo khéi lugng.
Do d6, ham lwong sat duoc tho ra cling véi xi ¢6 thé duoc giam di, va gang théi néng
chay cé thé dugc tao ra voi hidu sut cao bﬁng 99,8%. Luong xi tao ra trong 10 thir nhét

1a 237 kg/thn, day 1a luong khong giy ra cac van dé van hanh bat ky.

Trong 10 thir hai, ham Iwgng cacbon cua thép néng chay duoc giam t61 0,05%
theo khdi lrong, nén ham lugng FeO cuia xi 1a cao 6 muc 25,0% theo khéi lugng. Tuy
nhién, lugng xi tao ra 1a 169 kg/tin, lugng nay 1a nhé hon dang ké so véi lrong 456
kg/tAn clia xi tao ra trong thir nghiém 2 trong d6 toan bd lugng sit dugc khi true tiép &
trang thai ran Al nay dugc noéng chdy trong 1o thir hai, va luong sat duoc thdo ra cung
v6i xi ¢6 thé duoc giam di. Ngoai ra, lugng xi nay 1a luong khong gy ra cac van d& van

hanh bat ky.

Téng hiéu suét cta thép néng chay trong toan by qué trinh trong 16 thit nhat va
trong 10 thr hai 1a cao & mirc 96,7%, va ngay ca khi quang sit loai thip cép dugc st
dung lam nguyén liéu cho sit duoc khir truc tiép & trang thai ran, thép nong chay co thé

thu dugc véi hiéu suét cao.
Thtr nghiém 2

Trong thir nghiém 2, ham lugng cacbon cta thép néng chdy dugc giam tdi
0,05% theo khdi lugng trong 10 thir hai, nén ham lugng FeO cuia xi 1a cao & murc 25,0%
theo khéi luong. Ngoai ra, do 16 thir nhét khong duge sir dung, tong luong xi dugc tao
ra trong 10 thit hai. Do d6, mdt lugng 1én sat duoc thao ra cing véi xi, va hiéu suét cua

thép nong chay 1a thip & muc 91,9%.

Ngoai ra, lugng xi tao ra la cao & mirc 456 kg/tén. Xi tao ra véi luong 16n nay

cAn thoi gian dai dé 1am nong chay chat tao xi, va can thoi gian dai dé thao xi néng chay

19

19/25



43434

ra khoi 16 thit hai, diéu nay lam giam dang ké ning suit ctia thép néng chay. Ngoai ra,
do mot luong 16n xi dugce giit trong 10 va lam nong chay, cAn cai bién thiét bi nhu tang

16p v6 cha 10. Lugng 16n xi nay gay kho khan cho cong tic van hanh.
Thir nghiém 3

Trong thit nghiém 3, quing sit loai cao cip dwgc st dung 1am nguyén liéu cho
sit duge khir truc tiép 0 trang thai rin, nén luong xi tao ra 1a nhé & mirc 104 kg/tén. Do
do, ham luong sat dugc thao ra cung vai xi 1a nhd, va hiéu suit cua thép nong chay 1a
98,0%, hiéu suit ndy 1a cao hon so v6i thir nghiém 1. Ngoai ra, lwong xi tao ra nay la

luong khong gay ra céc véAn d& van hanh bt ky.

Bang 4
Thr nghiém 1 , A , "
(todn b qué trinh) Thtr nghiém 2 | Thr nghiém 3

Téng luong sit duoc khir truc tiép &
trang thai ran dwoc si dung (kg/thn) 72 1231 1095
Téng hiéu suét ctia thép néng chay (%) 96,7 91,9 98,0
Téng lugng dién ning dugc st dung
(kW giov/thn) 644 542,5 461,5
Tong lugng cacbon dugc sir dung 212 0 0
(kg/tan) (tham cacbon bén ngoai) ’
Téng lwong oxy duge st dung
(Nm®/tén) 31,7 23,2 7,6
Tongﬁluqng voi song dugc su dung 120.6 149.4 19.3
(kg/tan)
TongA lugng dolomit duge sir dung 752 87.0 18,4
(kg/tan)

Tom lai

Nhu duge mé ta & trén, theo phuong phap san xuét thép néng chay theo sang
ché, d3 khing dinh duoc ring ngay ca khi quing sét loai thip cip duoc sir dung, thép
néng chay c6 thé thu dugc véi hiéu sut cao twong duong véi hidu suét khi quing sit

loai cao cap dugc stir dung.

Don nay dua trén don yéu céu cap bang doc quyén sang ché Nhat Ban 56 2019-
210829 nop tai Co quan sang ché Nhat Ban ngay 21.11.2019, n6i dung ctia n6 duoc dua

vao ddy bang cach vién dan.
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Dé mo ta sang ché, sang ché dugc md ta trong phan néu trén mot cach thich hop
va du b?mg cach sur dung cac phuong an dya vao céc vi du cu thé va teong tu. Tuy nhién,
can hiéu ring cac thay dbi va/hodc cai bién ddi voi cac phuong 4n néu trén s& dé dang
duge thyuc hién véi nguoi c6 hidu biét trong linh vyc nay. Do do, trir khi thay d6i hogc
cai bién duoc thuc hién béi ngudi co hiéu biét trong linh vic nay nam ngodi pham vi
cla cac yéu cau bao ho kém theo, thay ddi hodc cai bién nay can dugc bao gom trong

pham vi ctia yéu cau bao hd kém theo.
Kha nang ap dung trong cong nghi€p

Sang ché c6 kha ning ap dung rong rii trong cong nghiép trong cac linh vic ky

thuat lién quan dén phuong phap san xuét thép nong chay.
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YEU CAUBAO HQ
1. Phuong phap san xuét thép néng chay st dung sit duoc khir truc tiép o trang thai ran

lam nguyén liéu tho, trong do:

sit duoc khit truc tiép & trang thai ran nay chira SiO, va Al,O3 véi lugng téng
cong béng hodc 16n hon 3,0% theo khéi lugng va cacbon véi luong bﬁng hodc 16n hon

1,0% theo khdi lwong,

ty 1€ cia sat kim loai v6i téng ham luong st chira trong sat duge khir truc tiép

& trang thai rén 13 bang hodc 1én hon 90% theo khdi lugng, va

ham luong cacbon dw Cx duogc chi ra bang cong thic (1) sau ddy véi cacbon
chtra trong sat duoc khu truc tiép O trang thai rén 1a bﬁng hodc 16n hon 0,2% theo khéi

luong,
phuong phap nay bao gdom:

bude trong 10 thi nhét 13 budc 1am néng chay 40 dén 100% theo khdi luong sat
duogc khir truc tiép ¢ trang thai rén, va tach gang thdi nong chay c6 ham lwong cacbon
nam trong khoang tir 2,0 dén 5,0% theo khdi luong va nhiét d6 nam trong khodng tir
1350 dén 1550°C va xi c6 d6 bazo ndm trong khoang tir 1,0 dén 1,4 va

budc trong 16 th{ hai 1a budc lam noéng chay phin con lai cla sit dugc khir truc
tiép & trang thai rin cling v6i gang théi néng chay dugc tach ra trong 10 thir nhét, va théi
oxy 1én chét néng chay nay dé tach cacbon thanh thép nong chay,

Cx =[C] - [FeO] x 12 + (55,85 + 16) + 0,947 ... (1)

trong cong thirc nay, Cx: ham lwong cacbon du (% theo khéi Iugng), [C]: ham
luong cacbon cua sat duogc khir truc tiép O trang thai ran (% theo khéi lugng), [FeO]:
ham lugng FeO cua sat dugc khir truc tiép & trang thai rin (% theo khéi luong).
2. Phuong phap san xuét thép néng chay theo didm 1, trong d6 sit duoc khir truc tiép o
trang thai rdn duogc néng chay bang hd quang trong 10 thi nhét, va gang thoi néng chay

va xi duoc thao ra lién tuc twong tng tir 10 thir nhit.
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FIG. 1
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FIG. 2
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FIG. 3
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