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Tém tit

Hién nay, phwong phdp chii yéu dé san xudt magie
dvea trén quy trinh Pidgeon. Mdac du quy trinh nay
6 cdu triic don gian, nhung lai kém hiéu qua do
tiéu ton nhiéu nang lwong va phat thai lwong lém
khi nha kinh, ciing véi tién trinh thuwc hién khong
lién tuc. Pé thiic ddy s tién bj trong cong nghé
sdn xudt magie, bai bdo nay dé xudt mot gidi phdp
tich hop nham két hop hai giai doan nung dolomit
va hoan nguyén magie thanh mot giai doan duy
nhat. Nghién ciru tdp trung phan tich tc déng cia
giai doan ché tao vién phéi liéu va nhiét dg nung
dén hiéu sudt hoan nguyén ciia quy trinh méi. Két
qud nghién civu cho thay dp sudt ép phéi liéu trong
pham vi nghién ciu ¢6 anh hwong ding ké dén
phan iing hoan nguyén, nhung khéng tac dong dén
hiéu sudt hoan nguyén cudi cing. Nhiét dé nung
phéi liéu t6i wu trong giai doan tich hop la
1000°C. Tuy nhién, do sw phan tach va oxy hoa
ciia cdc chdt phan vmg trong qud trinh nung, hiéu
sudt hoan nguyén giam so véi quy trinh Pidgeon.
Diéu nay dat ra thach thic can dwoc khdic phuc
khi ap dung quy trinh tich hop mdoi.

Tw khéa: Hoan nguyén Mg, quy trinh tich hop,
nhiét do nung.

Abstract

Nowadays, the predominant method for
magnesium production relies on the Pidgeon
process. While this process is structurally simple,
it suffers from inefficiencies due to high energy
consumption and significant greenhouse gas
emissions, along with its discontinuous nature. To
advance magnesium production technology, this
paper proposes an integrated approach that
of dolomite

calcination and magnesium reduction into a

consolidates the two stages

single stage. The study examines the influence of
pelletizing pressure and calcination temperature
on the reduction efficiency of the new process. The

findings indicate that while pelletizing pressure

significantly impacts the reduction reaction rate,
it does not affect the final reduction efficiency. The
optimal calcination temperature in the integrated
stage is identified as 1000°C. However, the
separation and oxidation of reactants during
calcination result in a reduction efficiency lower
than that of the Pidgeon process, presenting a
challenge that must be addressed for the
successful implementation of this new integrated
method.

Keywords: Magnesium,
decomposition temperature.

integrated process,

1. Mé dau

Magie (Mg) c6 nhiéu tmg dung cong nghiép nhu
sit dung lam chéat hoan nguyén trong ché tao titan,
zircon, beri va nhiéu kim loai khéc, img dung trong
pin hiéu suat cao [1]. Hop kim ciia Mg ciing duoc st
dung rong rai trong nganh hang khong, 6 t6 do d6 bén
riéng cao [2], [3]. Cac phuong phap san xuat Mg
thuong ding bao gdm phwong phéap dién phan nong
chay magie clorua va phuong phéap nhiét silic. Nhiét
silic 1a phuong phap dugc st dung rong rdi trong
nganh coéng nghiép san xuit Mg do don gian va vén
hanh d& dang. Tuy nhién, do chu ky san xuat dai, muc
tiéu thy ning luong cao va chi phi chat hoan nguyén
silic cao khién phuong phap nay dang mat dan di loi
thé do dinh hudng phat trién cong nghiép xanh va bén
vitng cua cac qudc gia san xuit Mg.

Mot sd nghién ciru da hudéng dén phat trién cac
quy trinh nhiét nhém va nhiét cacbon dé khac phuc
mot s6 nhuoc diém ké trén. Quy trinh nhiét nhom c6
vu diém 13 nhiét d6 phan tmg thp, tdc d6 phan tng
nhanh va thoi gian phan tmg ngin, nhung gia bot
nhém cao 1am han ché tng dung cia loai chat hoan
nguyén nay [4], [5]. Chat hoan nguyén cacbon thi
nguoc lai co gia thap va ngudn cung doi dao. Tuy
nhién, hoi Mg d& bi oxy hoa boi khi CO dugc tao ra
ddng thoi trong qué trinh hoan nguyén tao ra MgO va
C, lam giam nghiém trong viéc thu hdi Mg va ting tap
chét trong san pham [6]. Cong ty Mintek ctia Nam Phi
da dua ra quy trinh MTMP c¢6 thé san xuét lién tuc,
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nhung nhiét d¢ vén hanh cua quy trinh cao tir 1700°C-
1750°C cuing v6i doi hoi nghiém ngat vé thanh phan
phéi li¢u, tudi tho ciia 16 hoan nguyén va chi phi dau
tur cao [7].

Quy trinh Pidgeon dién hinh ciia phuong phép
nhiét silic véi viéc san xuét gian doan theo tirng mé,
giai doan nung dolomit va giai doan hoan nguyén dién
ra trong cac 10 riéng bi¢t. Sau khi hoan thanh giai doan
nung, dolomit dwoc 1am ngudi dé nghién, dan dén giai
phong nhiét dang ké vao méi truong xung quanh, gay
lang phi nang lugng. Giai phap tich hgp hai giai doan
nay dé tan dung ngudn nhiét ling phi & giai doan nung
chuyén vao giai doan hoan nguyén sé& giup tiét kiém
dugc mot luong nhiét dang ké. Ngoai ra quy trinh san
xudt sé lién tuc khong bi gian doan. Cong trinh nghién
ctru hoan nguyén Mg tir dolomit Thanh Hoa da dua ra
quy trinh tich hgp nay [8]. Tuy nhién, budc nung trong
quy trinh tich hgp nay dugc thyc hién ¢ hai nhiét do
nung trong moi trudng chan khong, nhiét do thir nhét
dé phan hay MgCOs;, nhiét d6 thir hai dé phan hay
CaCOs. Budc nay twong dbi phirc tap va nung trong
mdi trudng chan khong c6 thé khién qua trinh phan
hily dolomit dién ra qua nhanh lam phan tach va oxi
hoéa cac chit phan ng trong phdi liéu anh hudng dén
téc d6 phan tmg trong bude hoan nguyén.

Nghién ctru nay dé xudt quy trinh tich hop véi
bude nung dugc thuc hién trong méi trudng ap suit
khi quyén véi duy nhat mot nhiét d6 nung. Céc thi
nghiém dugc thyc hién dé xé4c nhan tinh kha thi cta
quy trinh. Anh hudng cua ap suat ép phdi liéu va nhiét
d6 nung dén hiéu suat hoan nguyén duoc nghién ciru.
2. Nguyén liéu va thi nghiém

Nguyén liéu st dung trong thi nghiém la dolomit
khai thac tai Thanh Hoa, ferrosilic 75% va canxi florua
(CaF,) 98% cua Xilong - Trung Qudc lam chat xuc tac.
Thanh phan hoa hoc ciia dolomit va ferrosilic dwoc phan
tich bang phuong phap XRF thé hién trong Bang 1.

Bing 1. Thanh phin héa hoc ciia dolomit va ferosilic

Dolomit (% khéi lugng)

MgO CaO SiO: Fe:03 Al:0s Tap chat L.O.I
20.85 305 0.32 043 022 025 4743
Ferosilic (% khéi lrgng)

Si C Al P S Fe

741 012 134 0.04 0.03 22.8

L.O.I: thanh phan bay hoi do nung
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Quy trinh thi nghiém thyc hién véi hai budc chinh
dugc so sanh voi quy trinh truyén thong thé hién trong
so d6 Hinh 1.

Dolomit
(CaCOs, MgCO3

Dolomit
CaCOs, MgCO3
Nung phan
hiy cacbonat

Nghién, phdi trén
va ép vien

Lo nung

Dolomit nung
{CaQ, MgOQ)

Nghi&n, phéi trgn
va ép vién

Vién phéi liéu
(Ca0, Mg, Fe-Si)

Hoan nguyén
(1200-1300°C)

Vién phéi ligu

May nghién bi, may ép

{Ca0, MgO0, Fe-Si)

CaFz Nung phan hiy
cachnnat

{800-1100 °C)

May nghién bi, may &p

Hean nguyén
(1200-1300'€)

L& hoan nguyén

Lo hoan nguyén

b

Hinh 1. So dé quy trinh thuwc hién, (a) quy trinh
truyén théng va (b) quy trinh tich hop

Budc dau tién, da dolomit thu thap c6 kich thudc
tir 7cm-8cm duoc nghién thanh cac vién nhoé hon c6
kich thudc 0,5¢cm-1cm bang méay nghién bua, tiép dén
duoc nghién thanh bot bang may nghién bi hanh tinh
NQM-4 - Trung Qudc. Sau d6 bot da dolomit dugc
tron vai 11,5% ferosilic va 1,5% CaF,. Hon hop tiép
tuc duoc nghién, tron bang may nghién bi hanh tinh
va sang qua ludi loc 200mesh. Cudi cing, hdn hop
duogc ép thanh céc vién hinh tru cé duong kinh 10mm
bang may ép thuy luc voi ap sudt ép tuong dwong khi
thuc hién quy trinh Pidgeon truyén théng, lan luot
50Mpa, 100Mpa, 150Mpa, 200Mpa [8]. Khdi lugng
céc vién phdi liéu 1a 20g/vién. Trude khi tién hanh
budce 2, cac vién phéi liéu s€ duogc dua vao 10 séy tai
300°C trong 3 gid dé loai bo hoan toan hoi nude con
ton tai trong nguyén liéu nham dam bao do chinh xac
trong viéc xac dinh hiéu sut phan huy va hiéu suat
hoan nguyén.

Budc thir hai, mdi thi nghiém sir dung 3 vién phdi
lidu dugc dua vao éng hoan nguyén va gia nhiét bang
16 nung st dung thanh SiC. Theo dit li€u nhiét dong
hoc trong nghién ctru cia M.Wen cho thiy, trong moéi
truong khi quyén, MgCO; bat dau phan huy & nhiét
d6 hon 500°C con CaCOs 1a hon 800°C [9]. Do vay &
giai doan nung trong nghién ctu nay, 10 dugc nang
nhiét d6 1én cac khoang nhiét do tir 800°C dén 1200°C
trong khoang thoi gian tir 10 phit - 60 phut dé phan
hay cacbonat. Trong giai doan nay, khi Ar dugc thdi
vao Ong hoan nguyén 5 phut/lan dé day khi CO, san
sinh trong qua trinh phan hiy ra ngoai. Két thac giai
doan nung, 10 dugc nang 1én nhiét do hoan nguyén
1250°C, hé thong bom chan khong dwoc két ndi vai
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6ng hoan nguyén. Hé thong nay bao gdbm bom hut
chan khéng ULVAC PX-202, ddng hd do 4p sudt chan
khong SMC-ZSE30, dam bao ap suat chan khong
trong 6ng hoan nguyén duoc duy tri & mirc 100Pa. Két
thiic giai doan hoan nguyén, Mg san pham va ba xi
dugc thu thap dé phan tich. Do giai doan nung phan
16n chi ¢6 khi CO, thoat ra do phan huy cacbonat nén
hiéu sudt phan tmg phén hity cacbonat (Hyh) duoc xac
dinh theo cong thtc:
Hpn = (m, - my)/me.o1x 100%

Trong d6, m, 1a khdi lugng vién phbi liéu ban dau,
m, 1a khdi lugng vién phdi liéu sau giai doan nung,
myz.or 1a khdi lugng mat mat do nung tinh theo ty 18
phan trim trong phdi liéu.

Trong giai doan.hoan nguyén chi c6 Mg sinh ra &
dang hoi nén hiéu suit hoan nguyén (Hj,) duoc xéac
dinh theo cong thuc:

Hin = (my-mp)/mug x100%

Trong d6 my 1a khdi luong vién phdi liéu sau hoan

nguyeén, m 1a khéi wong Mg c6 trong phéi liéu ban dau.

3. Két qua va thao luan

3.1. Anh hwong ciia nhiét dp nung dén toc d@j
phan hiiy va hiéu sudt hoan nguyén.

Theo mdt s6 nghién ctru vé qué trinh nung dolomit
trong quy trinh Pidgeon truyén thong, nhiét 46 nung
s& anh huong dén kha ning hydrat hoa va chét lugng
cua dolomit nung. Tuy nhién, mic d6 anh hudng
khong dang ké, mirc d6 hydrat hoa cua dolomit nung
trong san xudt thuc té trong pham vi 18%-33%. Tac
gia C.Zhang va cac cong su cho rang mirc hydrat hoa
t6i thiéu 5% la du dé dam chat lugng dolomit nung
cho qua trinh hoan nguyén [10]. Trong quy trinh tich
hop méi nay, giai doan nung dugc tich hop lién tiép
v6i giai doan hoan nguyén trong ciing mot éng hoan
nguyén chir khong phan tach thanh hai giai doan riéng
biét nhu quy trinh Pidgeon. Do d06, giai doan nung sé&
anh huong truc tiép dén giai doan hoan nguyén. Két
qué phan tich anh huong ctia nhiét d6 nung dén toc do
phan tng phan huay trong méi trudng ap suét khi
quyén duoc thé hién trong Hinh 2. Két qua cho thiy
khi ting nhiét d6 nung thi téc do phan tng phan hiy
tang theo nhiét d6 nung. Tdc d¢ phan tmg phan hiy
tang nhanh ¢ giai doan ban dau va c6 ddu hiéu cham
dan theo thoi gian. Két qua nay thé hién yéu té nhiét
d6 c6 anh huong dang ké dén qua trinh phan hay
cacbonat trong cac vién phéi liéu, nhiét 0 nung cao
hon s& lam ting dang ké tc do phan tng va rat ngén
thoi gian nung. Didu nay dé nhan thay nhat ¢ nhiét do
nung 800°C, qua trinh phan hiy cacbonat chi dat 66%
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sau mot gio, trong khi chi cin mot nira thoi gian d6 dé

hoan tat qua trinh phan huy tai nhiét d¢ 1200°C. Tai

nhiét d6 nung thip, qua trinh phan huy cacbonat chi

dién ra mot phan theo phan tng sau:

CaMg(C03)2 — (1 - x)CaCO0a. (1 - y)MgO+ xCaCOs
+yMgO + CO2

100 o

80

2 60 /
g 4 o~
a 4 —=—800°C
5 / —e—900°C
20 4 —a— 1000 °C ]
—v— 1100 °C
od 1200 °C
0 10 20 30 40 50 60

Thoi gian nung, phat

Hinh 2. Anh hwéng ciia nhiét dp nung dén téc dp
Pphdn irng phan hiiy

Nhiét d6 nung cao hon s& tdt hon cho tdc do phéan
ung phan huy va giam thoi gian nung cia cac vién
phdi liéu nhung khong co nghia s& t6t cho giai doan
hoan nguyén dién ra tiép theo. Hinh 3 thé hién két qua
hiéu suat hoan nguyén trong 3 gid theo nhiét d6 nung.
Vi nhiét d6 nung tir 800°C dén 1000°C, hiéu suat
hoan nguyén tang 1o rét tir 54% dén hon 80%.
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Hinh 3. Anh hwéng ciia nhigt dp nung dén higu suit

hoan nguyén

Két qua nay phi hop vé6i hiéu sudt phan huy
cacbonat cta giai doan nung. Khi nung & 800°C, thoi
gian 1 gi¢ khong da dé phan hily hoan toan dolomit ¢6
trong phdi liéu, do d6 khi chuyén sang giai doan hoan
nguyén, tbc d6 phan tng s& cham hon so véi trudng
hop dolomit da phan hiy hoan toan. Nhu vay, trong
khoang nhiét d¢ nay tang nhiét d nung s€ gitp ich qua
trinh nung dién ra nhanh hon, tiét kiém thoi gian va
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néng cao duoc hiéu suit hoan nguyén cudi cing.

Tuy nhién, két qua khi nung & 1100°C dén 1200°C
lai trdi nguoc, hiéu suit hoan nguyén giam manh
xudng 32,4% mic du hiéu suat phan hay dolomit dat
dugc cao nhat. Nguyén nhan cua hién tuong nay duoc
chi ra khi nghién ctru cic vién phdi lidu sau giai doan
nung trong Hinh 4.

a)

Hinh 4. Céc vién phéi ligu sau giai doan nung é:
(a) 900°C, (b) 1000°C, (c) 1100°C, (d) 1200°C

Két qua sau khi nung & 900°C va 1000°C, vién
phdi liéu c6 mau tring va hinh dang khong c6 sy bién
dang. Nhung khi nung & nhiét d¢ cao hon thi phéi liéu
bét dau co su chuyén mau sang vang va nau, két hop
voi su xuét hién nhiu vét nut trén bé mat. Dac biét
nung & 1200°C, vién gan nhu mat kha nang lién két
phdi liéu, d& dang v& vun. Kha ning tiép xuc giira cac
chat phan (g trong phéi liéu anh hudng 16n dén hiéu
suét trong phan tmg hoan nguyén Mg, vi phan tmg nay
dugc cho xay ra ¢ trang thai ran - ran [11].

Ngoai ra, mot nguyén nhan khac dan dén sy sut
giam hiéu suit hoan nguyén 1a hién twong oxi hoa
ferosilic trong moi treong khi CO; [8]. Khi CO; dugc
tao ra & giai doan phan huy dolomit s& khuéch tan qua
céc 18 rdng cua vién phdi liéu va phan tmg voi cac
nguyén td kim loai chinh Si va Fe trong ferosilic. Qué
trinh oxi hoa nay co thé tao ra cac oxit Fe,Os, FeO,
Fe304 va SiO; theo cac phan ing sau:

2Fe + 3CO, — Fe;03 +3CO

Fe + CO,— FeO + CO

3Fe + 4CO; — Fe304 +4CO

Si+2C0O;— SiO; +2CO

Si0;+ 2Ca0 — CazSiO4

Phan tich XRD mau phdi liéu sau nung ¢ 1200°C
thé hién trong Hinh 5 cho thdy cac pha chinh gdom
MgO la san pham phan hity ctia dolomit, Fe,Os 14 san
pham ctia qua trinh oxi héa ferosilic trong méi truong
CO,, con lai la CasSiO4. Véi sb lugng nhiéu xa ¢
cuong do cao ciia Fe,03 va CazSiO4 cho thiy co sb
lwong 16n chét hoan nguyén ferosilic da bi oxi hoa &
giai doan nung va khong dugc st dung cho giai doan
hoan nguyén.

Ngoai ra cac san phim hinh thanh 1a oxit sit va
canxi silicat s& lam can tr& kha nang khuéch tan cua
lwong Si con lai t6i dolomit sau nung, anh huéng dén
hiéu suét hoan nguyén.
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Hinh 5. Phdn tich XRD mau phoi liéu nung ¢
1200°C

3.2. Anh hwéng ciia dp sudt ép phoi liéu dén toc
d¢ phén hity va hiéu suit hoan nguyén

Nghién ctru sir dung cdc mau thi nghiém véi nhiét
d6 nung tai 1000°C trong 1 gid' va hoan nguyén tai
1250°C trong 3 gio dé dé danh gia mirc d6 anh hudng
clia ap suét ép phdi liéu. Két qua dugc thé hién trong
Hinh 6 cho thdy trong 20 phiit du, hiéu suat cia phan
{ng phan hiy véi phéi lidu dwoc ép & ap suit 150MPa
dat duoc tdt nhat. Tuy nhién sy chénh 1€ch hiéu suét
giita cic ap suat ép 1a khong nhiéu, chi khoang 6%.

100 T T T T

X /' 1

60 ]

Ap suét ép phbi liéu
—=— 50 MPa
—e— 100 MPa

150 MPa|
—»— 200 MPa

»

<

404

Hiéu suilt nung, %

0 20 40 60
Thoi gian nung, phit
Hinh 6. Anh hwéng dp sudt ép phéi ligu dén toc dp
phdn trng phéin hiiy

Tuy nhién, khi thoi gian tang 1én dén 1 gio thi cac
hiéu suit twong dwong nhau. Do d6, ap suit ép phdi
liéu anh huong khong dang ké dén toc do phan tng
phan hily ctia vién liéu. Vi 4p suit tao vién s& anh
hudng dén céc tinh chat vat Iy va hoa hoc cua vién ligu
nhu d6 dan nhiét, do xdp,... Didu nay co thé s& anh
huéng thém dén qué trinh hoan nguyén tiép theo.

Hinh 7 thé hién két qua cua 4p suit ép 50MPa va
200MPa dén hiéu suat hoan nguyén. Tir két qua co thé
nhan thdy mic du trong giai doan d4u cta qua trinh
hoan nguyén, hi¢u sut ciia vién phdi liéu duoc ép &
200MPa dat duoc cao hon nhung khi két thuc 4 gid
thi hiéu sut cta ca 2 truong hop gin tuong duong
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nhau. Diéu nay 1a do khi ép véi ap suat cao hon thi
kha nang tiép xtc ciia cic chit phan tmg trong vién
lidu tot dan dén tdc d6 phan tmg nhanh hon do phan
(g & trang thai ran - ran xay ra chu yéu la do cac chat
phan tmg khuéch tan.

R0~

Ap suit ép phdi ligu
—=— 50 MPa
—— 200 MPa

TTiéu suit hoan nguyén, %

0 i 2 3 4
Thoi gian hoan nguyén, gio
Hinh 7. Anh hwéng dp sudt ép phoi liéu dén hi¢u
sudt hoan nguyén

Khi thoi gian ting, tdc d6 phan tmg hoan nguyén
cham dan va dat dén trang thai ban can bﬁng. Viéc tang
thém thoi gian s& khong 1am hiéu suat tang thém nhiéu
ma con lam kéo dai thoi gian va tiéu hao nhiéu ning
luong. Két qua nay khang dinh ap suat ép phdi liéu chi
anh huong nhiéu dén tdc do cua phan img ma khong
lam thay ddi hiéu suat cudi cung hay trang thai ban
can bang cia phan tng. Do vy, lya chon hop 1y ap
suét ép sé& gitip rat ngan dugc thoi gian ciia qua trinh.
3.3. Sin phdm Mg hoan nguyén

San pham thu dugc sau hoan nguyén tai vi tri két
tinh trong 6ng hoan nguyén dugc thé hién trong Hinh
8. Mg san phim c6 dang tinh thé mau sang anh kim.
Trén bé mit cua Mg xuét hién mot sb tap chit nho.

Hinh 8. Anh chup va SEM ciia Mg kim loai thu

dwgc sau hoan nguyén

Phén tich mAu san pham thu duoc bing phuong
phap phan tich thé tich, ham lugng Mg trong san pham
tir dat 98,3%. Két qua nay twong duong véi san pham
thu dugc bang phuong phéap Pidgeon truyén thong [8].
4. Két luan

Nghién ctru da danh gia duoc tinh kha thi cia quy
trinh tich hop hai giai doan trong d6 giai doan nung
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dugc thyc hién mot bude trong moi truong ap suét khi
quyén. Két qua nhiét d6 giai doan nung t6t nhit cho
quy trinh nay 1a 1000°C, cao hon so véi quy trinh nung
hai budc. Tuy nhién k¥ thuat thuc hién don gidn hon.
Ap suat ép phdi liéu dugc chi ra anh hudng dang ké
dén tdc @6 phan tmg hoan nguyén nhung khong anh
huéng nhidu dén hiéu suat phan hay cacbonat va hiéu
sudt hoan nguyén cudi cing. Lya chon ap suat ép thich
hop sé gitip giam thoi gian thuc hién chu trinh.

Loi cam on

Nghién ctru nay duogc tai trg boi Truong Pai hoc
Hang hai Viét Nam trong dé tai ma s6: DT24-25.43.
TAI LIEU THAM KHAQO
[1TN. Sezer, Z. Evis, S. M. Kayhan, A. Tahmasebifar,

and M. Kog (2018), Review of magnesium-based

biomaterials and their applications, Journal of
Magnesium and Alloys, Vol.6, No.1, pp.23-43.

doi: 10.1016/j.jma.2018.02.003.

[2] A. Kumar, S. Kumar, and N. K. Mukhopadhyay
(2018),
processing technology and development of low-

Introduction  to  magnesium  alloy

cost stir casting process for magnesium alloy and
its composites, Journal of Magnesium and Alloys,
Vol.6, No.3, pp.245-254.

doi: 10.1016/j.jma.2018.05.006.

[3] T. Xu, Y. Yang, X. Peng, J. Song, and F. Pan
(2019),
development trend on magnesium alloy, Journal of
Magnesium and Alloys, Vol.7, No.3, pp.536-544.

doi: 10.1016/j.jma.2019.08.001.

[4] Y. Wang, J. You, J. Peng, and Y. Di (2016), Production
of Magnesium by Vacuum Aluminothermic Reduction

Overview  of advancement and

with Magnesium Aluminate Spinel as a By-Product,
JOM, Vol.68, No. 6.
doi: 10.1007/s11837-016-1865-6.

[5] Aghion, E., Golub, G. (2006). Production
Technologies of Magnesium. In: Magnesium
Technology.  Springer, Berlin, Heidelberg.
https://doi.org/10.1007/3-540-30812-1 2.

[6] Y. Tian et al. (2015), Magnesium production by
carbothermic reduction in vacuum, Journal of
Magnesium and Alloys, Vol. 3, No.2, pp.149-154,
doi: 10.1016/j.jma.2015.04.001.

[7] M. Abdellatif (2011), Review of the development

work on the Mintek Thermal Magnesium Process
(MTMP).

SO 81 (01-2025)



TAP CHi ISSN: 1859-316X

-JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

[8] Vil Viét Quyén (2022), Nghién ciru tong hop Mg
kim loai tir nguyén liéu dolomit Thanh Hoa, Luan
an Tién si, Pai hoc Bach khoa Ha Noi, Ha Noi.

[9] M. Wen, T. Zhang, Z. Dou, Y. Guan, and R. Zhang
(2014), Two-stage calcination of dolomite pellets
for mg-extraction by silicothermic reduction in
vacuum,  Zhenkong Jishu
Xuebao/Journal of Vacuum Science and
Technology, Vol.34, No.11, pp.1242-1245.
doi: 10.13922/j.cnki.cjovst.2014.11.19.

[10] C. Zhang, C. Wang, S. Zhang, and L. Guo (2015),
The effects of hydration activity of calcined
dolomite (HCD) on the silicothermic reduction
process, Int ] Miner Process, Vol.142.

doi: 10.1016/j.minpro.2015.01.008.

Kexue yu

SO 81 (01-2025)

KHOA HOC - CONG NGHE

[11] I. M. Morsi, K. A. El Barawy, M. B. Morsi, and
S. R. Abdel-Gawad (2002), Silicothermic
Reduction of Dolomite Ore Under Inert
Atmosphere, Canadian Metallurgical Quarterly,
Vol.41, No.1, pp.15-28.

doi: 10.1179/cmq.2002.41.1.15.

Ngay nhan bai: 19/11/2024
Ngay nhan ban sura: 04/12/2024
Ngay duyét dang: 24/12/2024




