Tap chi Vat liéu & Xdy dung Tdp 13 S6 01 ndam 2023

Tap chi Vat liéu va Xay dung

ISSN 1859 - 381X

Website: www. jome.vn

Téng quan vé x 1y va tai st dung phé thai gach chiu ltta Manhédi-cac bon

(MC) ctia nganh céng nghiép luyén thép dé 1am nguyén liéu san xuét

gach chiu ltta kiém tinh

Hoang Lé Anh", Vii Thi Ngoc Minh?
! Vién Vat liéu xay dung, S6 235 Nguyén Trii, Q. Thanh Xuén, Ha Noi
>Trudng Pai hoc Bach khoa Ha Noi, S6 1 Pai Cb Viét, Q. Hai Ba Trung, Ha Noi

TU KHOA

Phé thai chiu ltta

Gach chiu ltta MC
Phwong phép tuyén ndi

TOM TAT
Bai bdo ndy trinh bay cc két qua phén tich, danh gia tinh chét co 1y, héa hoc ctia ching loai phé thai

gach chiu ltta manhedi-cacbon (MC). Tt d6 d& xuft cic phwong phap x@ 1y phé thai nay bing cic
phuong phap co hoc, phiong phap héa hoc, phutong phap tuyén ndi dé thu hdi MgO 1am nguyén liéu
san xuét gach chiu ltta MC dép tng yéu ciu st dung trong cong nghiép luyén kim, xi mang va cac thiét bi

cong nghiép khac. Két qua cuia cdc nghién citu cho thdy phwong phép tuyén ndi ¢6 thé 13 bién phéap dung

hoa duge cac yéu ciu vé chit luwgng va gia thanh caa cbt 1iéu MgO tai ché.
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This paper presents the results of analysis and evaluation of the mechanical, physical and chemical
properties of MC refractory brick waste types. From there, it is proposed that these waste treatment

methods by mechanical methods, chemical methods, flotation methods to recover MgO as raw materials

for the production of MC refractory bricks meet the requirements for use in the metallurgical industry,

cement and other industrial equipment. The results of the studies suggest that flotation can be a means of

reconciling the quality and cost requirements of recycled MgO aggregates.

1. Gié6i thidu

Vit liéu chiu lita 12 v4t liéu xay dung khong thé thiéu trong cac
qué trinh nhiét d6 cao nhu san xuit kim loai, xi ming, thity tinh va
gém st nh¢ d6 chiu lta cao va duy tri duge céc tinh chét co hoc
trong thoi gian dai ngay ca khi tiép xic v&i cac chit long va khi #n
mon. Mdi ting dung cu thé sé yéu cAu mét hodc nhidu loai vat liéu
chiu Itta dic thil tity theo didu kién méi trudng trong 16 nung. Vit liéu
chiu lita dwgc phan loai theo nhidu cach, trong &6 phd bién nhét 1a
dua trén phuong phap thi cong (dinh hinh hoac khong dinh hinh),
loai lién két (lién két gém hoic lién két cacbon) va ban chét héa hoc
(axit, kiém tinh hodc trung tinh).

Nhu duoce théng ké trong Hinh 1, san lwong 16n nhét 13 vat
liéu chiu ltta samot (46 %) va vét liéu chiu ltta manhedi (26 %) [1].
Vit liéu chiu lta samot dwgc st dung trong nhidu nganh céng
nghiép con vt lidu chiu ltta manhedi duge st dung chil yéu trong
nganh luyén thép. Thi treong véat liéu chiu la toan cAu nim 2020
khoang 50 triéu tin, trong d6 nganh luyén thép chiém 60 % [2].
Trong qua trinh st dung, khoang 30 dén 40 % vat liéu chiu lita bi
tiéu thu [3]. Suy ra, khoang 30 dén 35 triéu tin vat lidu chiu lita da

qua st dung bi thai ra ngoai.
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Hinh 1. Nhu ciu nguyén liéu chiu Ia toan cau [1].

Mic du san lugng vat liéu chiu ltta da qua st dung (spent
refractory — SR) twong dbi 16n, viéc tai ché chiing it dwgc chi y trong
thoi gian triede day vi ngudn nguyén liéu tho gia thip con ddi dao va
chi phi x@ 1y vat liéu chiu ltta d3 qua st dung twong dbi thap. Truéce
day, viéc giam phat thai cha yéu duoc giai quyét bing cach giam tiéu
thu vat liéu chiu lta trén mbi tdn san phdm. Trong nganh thép, mdc
tiéu thu vat liéu chiu Itta da giam tit 25 dén 30 kg/tin vio nim 1970
xubng con khoang 8 kg/tAn & M§ va Nhat Ban vao diu nhitng nim
2000 [4, 5]. Xu huéng tuong ty ciing dién ra trong cdc nganh cong

nghiép khéc, ching han nhv trong nganh xi ming, mic tiéu thu vat
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liéu chiu la trén mdi tAn clinker di giam tir 2 kg/tAn xubng trung
binh 0,9 kg/tAn, va tham chi con dudi 0,2 kg/tAn trong céc 16 nung
hién dai nhit [6]. Trong hai thap ky gin day, viéc tai ché vat liéu chiu
Itta dd qua st dung duge chi y nhiéu hon do cic vin d@ vé& moi
trdng va chi phi chén 14p ngay cang ting.

Hé théng phan cip chét thai cia Uy ban Chau Au quy dinh thit
tw wu tién quan 1y chét thai nhw sau: 1) ngin ngita 2) chuln bi dé tai
st dung 3) téi ché 4) cac hinh thtte phuc hdi khéc 5) thai bé [7]. Mot
trong nhitng thiéu sét ctia hé théng phan cip 1a khong phan biét dugc
cac loai hinh tai ché nhim t6i da héa gia tri vén c6 clia chit thai.
Trong tai ché theo chu trinh kin, c4c tinh chit ky thuat ctia vat liéu tai
ché khong khéc biét nhiéu so vdi cdc tinh chit ky thuét ctia nguyén
liéu thé nguyén sinh. Vi vay, vét liéu tai ché c6 thé thay thé nguyén
liéu thd nguyén sinh ma khong 1am thay d6i dang ké tinh chét ctia san
pham chiu ltra. Trong téi ché theo chu trinh hd, céc tinh chat ky thuat
ctia vat lidu tai ché kém hon cic tinh chit ky thudt ctia nguyén liéu
thd nguyén sinh nén chi thich hop dé sit dung trong cic tng dung
khéc [8]. Tai ché theo chu trinh kin ¢6 tiém nang tao ra lgi ich kinh té
cao hon, d?)ng thoi gép phan phat trién mot nén kinh té tudn hoan,
trong d6, chic ning va gia tri cia mot vat liéu duge bao toan cang
cao cang tét trong mot khoang thoi gian cang lau cang tbt [9]. Xét
trén khia canh nay, hé théng phan cip chét thai ctia Uy ban Chau Au
chua dii dé dat dwoe mic giam tuyét dbi v& nhu ciu nguyén liéu tho
nguyén sinh. Vi vy, nén ap dung cac khai niém tai ché theo chu trinh
kin va tai ché theo chu trinh h& véi cac dic diém ky thuéat chat ché
hon trong d4nh gia hiéu ning ctia quy trinh tai ché ciing nhu gia tri
clia vat liéu tai ché nhim dat dugce mitc giam tuyét dbi vé& nhu ciu
nguyén liéu th6 nguyén sinh [10].

vat liéu chiu ltta da qua st dung ctia nganh thép cha yéu
duge dua vao tai ché theo chu trinh hé nhu 1am bt liéu nén duong
[4] va chit tao xi trong 16 luyén thép [3, 11, 12]. Trong cic ing
dung nay, gia tri ctia vat lidéu chiu lta tai ché kha thip, dudi 20
USD/t4n khi 1am c6t liéu nén dudng va khoang 60 USD/tAn khi 1am
chét tao xi. Trong khi dé, gi4 thi trudng dbi véi manhedi thiéu két
¢6 thé cao gip 3 dén 5 13n so vdi cac vat liéu tai ché ké trén. Tuy
nhién, viéc tai ché vat liu chiu ltta d3 qua st dung thanh nguyén
liéu chiu lita ¢6 gia tri cao hon con nhiéu han ché, wdc tinh chi cung
cép duoce 7 % nhu ciu [1,13].

Gan day, gia nguyén liéu thé ting cao va cdc vin d& vé moi
trudng ciing nhu ngudn cung nguyén liéu thé chét lwgng cao di tao
ra dong lwc manh mé cho viéc tai ché vat lidu chiu Itta theo chu
trinh kin, va do d6 cac nghién ctu v@ tai ché vat liéu chiu lita ngay

cang tang.

2. Cac bién phap x@ 1y va tai ché gach chiu lita MC ctia nganh
luyén thép

Mot trong nhitng @ng dung phd bién nhét ctia gach chiu lta MC
da qua st dung 1a ding 1am c6t liéu nén dudng. Tuy nhién, cic vin dé

ky thuat va moéi trwdng ctia ¢ng dung niy cin duwgc quan tim xem

xét. P6i v&i phé thai vat liéu chiu lita tit 16 nung thudng nhiém tap
chét kim loai niing, do d6 sy rita troi cac kim loai ning cin dwgc xem
xét tride khi diing 1am c6t liéu nén duong dé tranh tic dong dén moi
truong [4]. P6i véi gach c6 chita MgO va CaO ty do nhit manhedi va
d616mi, cAn xem xét hydrat héa trwée dé tranh cac vin dé gidn nd va
phéan ra trong qud trinh st dung.

Mot tng dung khac ctia gach chiu ltta 1a 1am chét tao xi trong
luyén thép, ap dung cho cac loai gach chiu Itta kiém tinh nhi manhedi
va d616mi [3]. V&i liéu luong thich hop, ching 1am bio hoa ndng do
MgO trong xi va ngdn &n mon gach chiu Ia trong 10 [11, 12, 16]. Tai
ché gach chiu ltta MgO-C 1am chét tao xi trong 16 hd quang dién (EAF)
da dugce thit nghiém & quy mé coéng nghiép va duoc khuyén nghi
trong nganh luyén kim [11, 12, 17]. Viéc st dung vt liéu chiu lta da
qua st dung 1am chét tao xi mang lai 1¢i ich nhu giam viéc chén l4p,
lam ting tudi tho ctia gach chiu lita va tiét kiém chét tro dung.

Trong khi tai ché theo chu trinh hé nhdm muc tiéu giam thiéu
chon 14p chét thai chiu lta thi tai ché theo chu trinh kin nhim muc
tiéu tdi da héa viéc bao toan cic gia tri quy cta chét thai chiu lita
va bién né thanh nguyén liéu cho chinh nganh céng nghiép vat liéu
chiu Itra.

2.1. Tdi ché vdt liéu chiu ita MgO-C theo chu trinh kin

San xuét vat liéu chiu lita phu thudc rit nhidu vio ngudn
nguyén liéu chit lwong cao, nhidu nguyén liéu trong sé dé ngay cing
khé kiém va gia ca ngay cang cao. Trong khi d6, mdi nim c6 t&i 28
triéu tin vat liéu chiu lita d4 qua st dung dugc thdo d& khoi 160 nung
va chi mot phin nhé duoc tai ché 1am vat liéu chiu ltva. Ban dau viéc
tai ché vat liéu chiu ltta chti yéu nhdm giam lwgng chit thai va giam
chi phi chén 14p. Viéc tai ché theo chu trinh kin dé thu hdi gié tri cao
vbn c6 ctia cac loai vat liéu chiu ltta méi chi duge quan tim trong
mudi nim qua do céc lo ngai v& an toan ngudn cung, chi phi nguyén
liéu ngay cang cao va ap Iuc giam phét thai CO,. Tinh kha thi vé mit
k§ thudt ctia viéc téi st dung nhu viy da dugc chitng minh trén nhiéu
loai vat liéu chiu lita, nhung cho dén nay méi chi duoc dp dung rong
ri cho mét s rat han ché vat liéu nhw MgO-C.

Nh& kha ning chdng thAm w6t cta graphite két hop véi thoi
gian 1am viéc twong d6i ngin (khoang vai tudn) va gid tri cao cla
MgO va graphite, 16p MgO-C ctia 16 EAF tré thanh ngudn vt liéu chiu
Itta MgO-C d4 qua st dung twong dbi sach cho muc dich tai ché. Ciing
vi vat liéu chiu Itta MgO-C di qua st dung twong dbi sach nén quy
trinh tai ché kha don gian, thudng bao gom it nhit hai budc: phan
loai va loai bo tap chit. Trong budc dau tién, chit thai chiu lita dugc
phén loai theo loai vt liéu chiu lra. Viéc nay thuong dugce thyc hién
tht céng. Tuy nhién, sau qué trinh phén loai nay, céc loai vat liéu chiu
Itta van thudng bi trén 14n va bi nhiém cdc manh 16n kim loai sit va
xi [14]. Do d6, buéc thit hai thue hién loai bo tap chét nhu sit, xi, rac
va cdc manh vét liéu chiu ltta khong mong mudn bing cich dép,
nghién, sang loc, tach tit tinh va tich mau. Trudc ddy, cong nghé tai

ché vat lidu chiu ltta chit yéu tip trung vao budc thit hai, song gin
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day ngudi ta di sy chi y hon dén buée diu tién va tim cach ty dong

héa khau phén loai.
2.1.1. Phan logi

Viéc phan loai thii cong dia trén kién thic va kinh nghiém cua
ngudi van hanh. Pbi v6i gach chiu lita ciia 10 EAF, dé tach gach
alumin manhedi cacbon (AMC) khdi gach MgO-C, nguoi ta dua vao
mau sic va mat do clia cic vién gach. Gach AMC c6 mat do thip hon,
mau nhat hon va c6 bam gi [11, 12]. C4ch 1am nay dé xay ra sai s6t vi
s hién dién cua bui va cdc tap chit khac c¢6 thé 1am sai léch cam
quan ctia ngwdi phan loai thu céng. Do d6, nganh cong nghiép tai ché
gach chiu lita ¢6 nhu cAu manh mé vé ty dong héa khau phan loai
nhim ting d6 chinh x4c va tdc do clia qué trinh phan loai ciing nhu
cai thién diéu kién 1am viéc.

Mot s6 hé théng da dugce gidi thiéu dé phan loai chit thai chiu
Itta dya trén mau sic nhung chua kha thi & quy mé cong nghiép.
Kwong va Bennett phat trién k§ thuét phén loai dya trén d6 x4m cua
vat liéu thong qua camera két ndi véi may vi tinh. K§ thuét nay yéu
cAu phai nghién nat vién gach va chi ¢6 thé phan tich titng vién mot
v6i tbe d6 5 gidy cho mdi miu [17]. Chon va cong sv phét trién hé
théng phan loai dva trén do mau ctia miu chiu mai mon théng qua
camera CCD [18]. Tuy nhién, hé théng nay dya trén mét lugng thong
tin han ché ¢6 sin, chi phit hop dé phén loai trong pham vi moét loai
vt liéu chiu Ita nhét dinh, do d6 khéng thé thay thé quy trinh phan
loai thu cong.

Nhin chung, mau sic khéng phai 12 cin ct dang tin ciy dé tw
d6ng hoéa khau phan loai vi AMC, MgO-C va d6lomi-carbon déu chita
graphite nén déu c6 mau xdm den. Phuong phdp phan tich thanh
phin héa hoc cho théng tin dang tin cdy hon, nhung cic kj thuat
phéan tich thanh phin héa hoc ctia bé mit nhw huynh quang tia X
(XRF) gip khé khin vi bé gach mit thudng dinh nhidu bui va xi nén
khoéng dai dién cho toan khéi vat liéu. Hon nita, XRF ¢6 d6 nhay thip
dbi v6i cac nguyén t nhe nhu Mg va Al nén yéu ciu thoi gian do dai
(vai phat) méi dat dugc sb liu dang tin cdy, vi viy khong thuc té dé
Gng dung trong cong nghiép.

Trong vai nim gin day, hé théng phan loai sit dung ky thuat
LIBS (quang phd phét xa nguyén ti¢ bing ngudn tia laser) da dugc
phét trién (Hinh 2). LIBS ¢6 thé bo qua mot s6 yéu té nhibu trén bé
mit miu vi tia laser ¢6 thé mai mon mét phin nhé bé mit ctia vat
liéu, xuyén sau khoang 100 um vao trong mau. Mit khac, LIBS c6 do
nhay cao d6i v&i cdc nguyén t6 nhe nhw Mg va Al [19, 20]. Cc hé
théng LIBS di dugc Gng dung trong cong nghiép khai khoang quing
magnesit vA dang tiép tuc dugc tdi wu héa dé wng dung trong cong
doan phan loai ctia cong nghiép tai ché vat liéu chiu lia.

Mot loat cac quy trinh da dwoc phét trién dua trén dap nghién
va phan loai kich thuge [15] sau d6 xu 1y thém béng cach tach kim
loai va tach tit hodc phén loai theo mau sic [14,24]. Dic biét d6i vdi

vt liéu chiu lita MgO-C, c6 thé ap dung cac k§ thuét tuyén ndi dé thu

hdi c6 chon loc cacbon va MgO [25,26] hoiic xt 1y héa hoc thong qua
rita bang axit [27,28], hodic d6t chay graphitee trong diéu kién c6 oxi.

Hinh 2. So db nguyén 1y ctia hé théng phan loai tv dong dua trén k§
thuét LIBS. (1) Béang tai toe d6 5m/s, (2) Camera 3D xéc dinh vi tri va
hinh dang cta céc hat, (3) Chiim laser xung chiéu xa trén pham vi do
600x 600x 250 mm, (4) Thanh théi khi nén, (5) thung chia.
2.1.2 Loai bé tap chét.

2.1.1.1. Phuong phdp dét chdy graphite trong diéu kién c6 oxi

Gach MgO-C thong thudng chita mét ham Iwgng graphitee nhit
dinh dao déng tit 10 dén 18 %. Graphitee chinh 14 nhién liéu cho qua
trinh chay trong diéu kién ¢ oxi. Do d6, san phdm con lai sé chi 1a
MgO va cic tap chit khic trong hdn hop gach phé (nhuw Mg(OH),,
MgCO;, Fe, Fe,O,, thanh phin ctia Al...). Sau khi d6t chay graphitee
san phdm chéy duoc kiém tra, néu dat yéu ciu ky thudt thi c6 thé tai
san xuét 1am nguyén liéu du vao cho qua trinh ché tao gach MC.

& viét Nam, nhi may gach chiu lita MC cta Céng ty c6 phan
tdp doan vat liéu chiu ltta Thai Nguyén dang ap dung phuong phap
ndy. Lo dbt gach phé MC 14 loai 16 ditng (dang éng khéi) c6 quat théi
khéng khi tao diéu kién cho qua trinh chdy, miéng 16 phia trén dugc
m& thoang hoan toan, nhiét d6 dbt chay 1a 1100 °C.

Uu diém ctia qué trinh nay 13 tin dung duwgc graphite trong
gach phé thai MC 1am nhién liéu cho qud trinh chay, khéng tén kém
nhiéu chi phi diu tw. Trén thyc té, nha may dang st dung gach phé
thai MC sau khi dugc nung ¢ nhiét d6 1100 °C nhu nguyén liéu don
cho qué trinh san xuét gach kidm tinh dé giam chi phi san xuit. Tuy
nhién, phuong phép nay duoc xi Iy hoan toan thé so, qua trinh dbt
khong tach duoc hét cac tap chAt ma lai tao nhidu khi thai méi truong
(CO,), dbng thoi nhiét dd dé chay hét cacbon phai cao.

2.1.1.2. Phuong phdp héa hoc

Khi wu tién d6 sach, vat liéu tai ché phai dap tng yéu ciu chit
lvong nguyén lidu thé clia cdc san phdm chiu lita kidm tinh cao cip,
phuong phép héa hoc 6 thé 1a mot Iva chon tbt. Cac bude trong ky
thuat tai ché bang phuong phap héa hoc bao gém nghién so cp, khit
tlt, nghién thi¢ cp, x 1y bing axit manh 1 N, rdi phan ly rin-long.
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Sau d6, phan chét rin cta cong doan phén ly rin-léong 13 graphite
duge rita bing dung dich kiém c6 do pH > 13, siy kho dé ding lam
nguyén liéu cho vat liéu chiu Itta MgO-C. Pdng thoi, phan chit 1ong
clia cong doan phan ly rin-long dugce diéu chinh pH theo béc, pH 6-8
dé két ttia hydroxit ctia mot s6 tap chét, sau d6 1ing hoic loc két tua,
roi ting 1én pH > 9 dé két tua magié hydroxit (Hinh 3). Két tiia magie
hydroxit dugc ling hoic loc rdi thiéu két thanh clinker manhedi
[27,28]. Phitong phép ndy c6 thé gitip thu dwge manhedi c6 d sach
cao nhung cin diing dén nhiéu héa chit nén chi phi cho céng doan xi
ly biing héa chit c6 thé kha 16n.

2.1.1.3. Phueong phdp tuyén néi

Mot giai phap khéac d& tén héa chit hon 13 tuyén ndi co hoc
hodc tuyén ndi héa hoc. Viéc tuyén ndi co hoc ¢6 thé kha thi nho sy
khac biét 16n gitta ty trong ctia graphite (2,26 g/cm®) va magié oxit
(3,58 g/cm?). Tuy nhién, cic bdo céo vé tuyén nbi MgO-C thuwdng 1a
tuyén ndi héa hoc véi viee két hop chét tao bot, chit tip hop va
chit didu chinh. Kangal va cong su da tai ché gach chiu ltta MgO-C
da qua st dung v&i thanh phin MgO 71,2 % va C 14,2 % trén mot
quy trinh tuyén ndi nhidu béc (Hinh 4). Cic héa chit duwoc st dung
gdm methyl isobutyl carbinol (MIBC) lam chét tao bot, ddu héa lam
chét tap hop va Na,CO, va Na,SiO, 1am chét didu chinh. Két qua thu
duge 1a manhedi dat 94,8 % MgO v&i hiéu sudt 72,9 % [17].
Matsunaga va cong su di gigi thiéu mot quy trinh tuyén ndi héa hoc
don gian hon trong mot sang ché nim 2011. Cac héa chit duge st
dung bao gdm 2-ethylhexanol 1am chit tao bot va ddu hoa lam chét
tap hop. Tuy nhién chit lvgng cta san phdm va hiéu sudt thu hdi
khong dugce néu rd [25].

2.1.3. St dung c6t liéu chiu liva tdi ché tiv gach MgO-C

Nhin chung, viéc st dung cbt liéu tai ché trong san xuit vat liéu
chiu Iita s& 1am giam cac tinh chét co 1y ctia gach do cbt liéu tai ché ¢
cuwdng d6 va mat do thip hon so v&i cbt liéu thé nguyén sinh (Bang 2).
Vi vy, ty 1é thay thé cbt liéu thé nguyén sinh cin dugc khao sat va can
nhéc khi st dung.

Gach chiu ltta MgO-C chtia cbt liéu tai ché dén 30 % dat tinh
chét gibng nhu gach MgO-C chit lwong thip [3]. Tinh chit cta gach
MgO thiéu két va hén hgp ddm MgO chita 10 dén 30 % cbt liéu tai
ché tit 16 EAF va 10 tinh luyén ciing suy giam theo Iwgng thay thé song
vin dam bao yéu ciu ky thuat dé xiy dyng. Othman va Nour da si
dung cbt litu manhedi tai ché loai tt (MgO ~ 94 va ty 1& mol
Ca0/Si0, bing 1,276) va st dung thém cbt liéu tai ché tir gach
alumosilcat zircon (ZAS) thi nhan thiy ring 5 % ZAS lam ting khéi
lwong thé tich va cwdng d6 nén ngudi nhd tao ra cac pha lién két chiu
Itta cao nhu spinel (MgAl,05) va dung dich rin ctia MgO.ZrO,. Khi
tiép tuc ting ham lwong ZAS thi d6 chiu lita va cac tinh chit nhiét
giam do tao pha d& néng chay Ca0.Mg0.SiO, [29].

Gach MgO-C da qua st

]
Nghién so
¥
Kht tie
7
Nghién th
7
Xt ly bing
Y
Réa Loc —> Xt 1y bing kiém
Y v
Sy Fe(OH)
Y
Mg(OH), Dung
Tai st dung Y dich long
Nung
1
Tai st dung

Hinh 3. So dd quy trinh x@ 1y héa hoc dé thu hdi MgO va C ti
gach MgO-C da qua st dung.

MgO-C Bricks
(15-17 %C)

e

Size Reduction
(-150 microns)
1000 g/t MIBC

Magnesium Concentrate

Flotation (1.60 %C-95.70 %MgO)

|
1

Size Reduction
(~-100 microns)
200 g/t MIBC
2000 g/t NaySiO;
(9.50 %C-62.60 %MgO) Flosgige.
Size Reduction
(-74 microns)
100 g/t MIBC
2000 g/t Na,Si0,
Middlings-4 r
(27.70 %C-55.30 %MgO) Hlotatides]
1000 g/t NaSi0;
Middlings-3 Flotation-2
(57.00 %C-39.00 %MgO) et
500 g/t NaSiOy
M 2 z 3
(58.20 %C-32.30 %MgO) Slotatioer:
500 g/t Na,SiO;
gs-1

(71.10 %C-20.10 %Mg0)

Graphite Concentrate
(85.42 %C-5.60 %MgO)

Hinh 4. So dd quy trinh tuyén ndi nhidu bac dé thu hdi MgO va C tit
vét liéu chiu ltta MgO-C da qua st dung.
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Bang 1. Tinh chét co 1y cta vat liéu chiu Itta sit dung c6t liéu tai ché.

Ngudn Vat liéu Ham luwgng cbt liéu Khéi lwgng thé Cuong d nén ngudi Do xbp bidu kién

tai ché (% KL) tich (g/cm?) (N/mm?) (%)
Du an Gach MgO-C 0 2,91 30 11,1
REFRASOFT 30 2,86 27 12,5
(www.refrasoft.eu) 50 2,84 26 13,1
80 2,77 21 14,3
[15] Gach MgO thiéu 0 2,95 45,2 16,2
két 10 2,85 38,5 18,5
20 2,85 38,2 18,5

30 2,43 36 20

H&n hop ddm MgO 0 2,85 39 25

10 2,8 34 27

20 2,78 30,5 31
30 2,6 37 31,5

3. Két luan

Cac nghién citu di néu chitng minh ring viéc tai ché gach chiu
Itta MgO-C da qua st dung thanh cbt liéu chiu Iita 12 kha thi vé mat
ky thuét. Gach chiu ltta MgO-C da qua st dung sau khi phan loai c6
thé duoc x 1y bing cac phuong phap co hoc, héa hoc hodc tuyén
ndi. Tuy nhién, vét liéu chiu lta tdi ché vin chi chiém 7 % nguyén
liéu diu vao. Nguyén nhan chti yéu 1a & chét lvong va gia thanh ctia
vat liéu tai ché.

V&i céch phan loai thu cong theo mé nhu hién nay, riéng muc
tiéu chét lwong nguyén liéu tai ché cao va gia thanh thip 14 rio can
trong viéc ting ty 1é tai ché. Mbi me vat liéu da qua st dung c6 yéu ciu
riéng vé chét lwvong, din dén ning sudt khong cao. Pé chét lugng san
phim tai ché cao kém theo chi phi tai ché thip thi san phdm du vao
phai c¢6 chit luwgng cao. Trong nganh luyén thép, MgO-C 1 vat liéu chiu
Itta dd qua st dung c6 d6 sach cao va d& phan nhét. Tt ca nhitng diéu
nay khién tdng san lugng liéu chiu lia téi ché thip do chi tip trung vao
MgO-C. Néu cai tién khau phan loai, vi du 4p dung phén loai tu déng,
thi ¢6 thé tao ra dong vat liéu chét lwong cao va én dinh hon.

Phuong phép co hoc cho ra cbt liéu tai ché c6 chét lugng thip
hon nguyén liéu thé nguyén sinh, 1am ha tinh chét ctia vat liéu chiu
Itta nén lgng ding con han ché so véi tidm ning. Phuwong phap héa
hoc cho san phdm manhedi va cacbon chit litgng cao nhung sit dung
nhiéu héa chit nén c6 thé lam ting gid thanh cta vat liéu tai ché.
Phuong phép tuyén ndi cé thé 1 bién phap dung hoa duge cic yéu

ciu vé chit lvong va gia thanh ctia cbt liéu MgO tai ché.
Tai liéu tham khao

[1]. Informed, Refractory Raw Material World Sources Map. 2016, Informed.

[2]. Research and Markets, Refractories Market - Growth, Trends, COVID-19
Impact, and Forecasts (2021 - 2026). 2021.

[3]. Nakamura, Y., et al., Recycling of refractories in the steel industry. Advances
in science and technology, 1999: p. D693-D700.

[4].

[5].

[6].

[71.

[8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

Dominguez, M., et al., Physicochemical characterization and use of wastes
from stainless steel mill. Environmental Progress & Sustainable Energy,
2010. 29(4): p. 471-480.

Koros, P.J., Dusts, scale, slags, sludges... not wastes, but sources of profits.
Metallurgical and Materials Transactions B, 2003. 34(6): p. 769-779.
Guéguen, E., J. Hartenstein, and C. Fricke-Begemann. Raw material
challenges in refractory application. in Proceedings of Berliner Konferenz
Mineralischer Nebenprodukte und Abfille, Germany. 2014.

European Commission, Directive 2008/98/EC of the European Parliament
and of the Council of 19 November 2008 on waste and repealing certain
Directives. Official Journal of the European Union, 2008. 312: p. 3-30.
Huysman, S., et al., The recyclability benefit rate of closed-loop and open-
loop systems: A case study on plastic recycling in Flanders. Resources,
Conservation and Recycling, 2015. 101: p. 53-60.

Antikainen, M., et al. Towards circular economy business models: Consumer
acceptance of novel services. in ISPIM Innovation Symposium. 2015. The
International Society for Professional Innovation Management (ISPIM).
Van Ewijk, S. and J. Stegemann, Limitations of the waste hierarchy for
achieving absolute reductions in material throughput. Journal of Cleaner
Production, 2016. 132: p. 122-128.

Conejo, A., et al., Recycling MgO-C refractory in electric arc furnaces.
Resources, conservation and recycling, 2006. 49(1): p. 14-31.

Lule, R., et al. Recycling MgO-C Refractory in the EAF of IMEXSA. in
AISTECH-CONFERENCE PROCEEDINGS-. 2005. ASSOCIATION FOR IRON
& STEEL TECHNOLOGY.

Odreitz, W. Recycling refractories from an end user’s viewpoint. in
Proceedings Mineral Recycling Forum. 2016.

Hanagiri, S., et al., Recent improvement of recycling technology for
refractories. SHINNITTETSU GIHO, 2008. 388: p. 93.

Arianpour, F., F. Kazemi, and F.G. Fard, Characterization, microstructure
and corrosion behavior of magnesia refractories produced from recycled
refractory aggregates. Minerals Engineering, 2010. 23(3): p. 273-276.
Luz, A., et al., Recycling MgO—C refractories and dolomite fines as slag
foaming conditioners: experimental and thermodynamic evaluations. Ceramics
International, 2013. 39(7): p. 8079-8085.

Kwong, K.-S. and J.P. Bennett, Recycling practices of spent MgO-C
refractories. Journal of Minerals & Materials Characterization &
Engineering, 2002. 1(2): p. 69-78.

JOMC |106




Tap chi Vét liéu & Xdy dung Tdp 13 S6 01 ndm 2023

[18].

[19].

[20].

[21].

[22].

[23].

[24].

Chon, U., et al., Automatic machine for sorting spent refractory. Patent
KR20110075244 (A). 2011.

Gumpenberger, T., et al. Sorting of refractory materials a unique laser-based
solution. in CFI. Ceramic forum international. 2008. Géller.

Connemann, S., C. Fricke-Begemann, and A. Liesbeth Ducastel, Automated
LIBS-based classification for spent refractories from the steel industry for high-
value recycling. 7th Sensor-Based Sorting & Control, 2016: p. 119-127.
Matsushita, K., et al., Recycling for raw material from used refractory. Patent
JP19960146156, 1996.

Fujii, Y., et al., Recycling method of refractory. Patent JP2003083683 (A), 2003.
Kumamoto, H. and M. Egashira, Method for recovering valuable material
from used graphitee-containing refractory brick. Patent JP2001212476,
2001.

Tsutsui, K., et al., Treatment method of spent refractory. Patent
JP2003088845 (A), 2003.

[25].

[26].

[27].

[28].

[29].

Matsunaga, H., H. Tofusa, and S. Shimizu, Method for recycling used
magnesia carbon brick and method for manufacturing magnesia carbon brick.
Patent JP2013001606A. 2011.

Kangal, O., E. Forssberg, and P. Hammergren. Evaluation of MgO-C bricks
for recovering graphitee and magnesite. in Proceedings of the XXIII
International Mineral Processing Congress: Istanbul, Turkey 3-8 September
2006. 2006. Istanbul: IMPC.

Shimizu, S. and H. Matsunaga, Method for recycling used magnesia-carbon
brick. Patent JP2013126927A. 2011: Japan.

Shimizu, S., H. Matsunaga, and Y. Nakamura, Method for recycling carbon-
containing neutral/acid refractory and method of manufacturing. Patent
JP2013147414A. 2012: Japan.

Othman, A. and W. Nour, Recycling of spent magnesite and ZAS bricks for
the production of new basic refractories. Ceramics international, 2005.
31(8): p. 1053-1059

JOMC |107



