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The production of alumina by the Bayer process invariably generates two
types of hazardous waste: red mud and greenhouse gas emissions. Red
mud is a voluminous solid residue consisting primarily of 30+-60% Fe;0s,
10+20% Al; 03, 3+50% SiO,, 2+10% Na, 0, 2+8% CaO, and approximately
10% TiO;. Due to its high alkalinity (pH 10+13), red mud is not only
difficult to manage but also poses potential risks of soil, water, and
ecosystem contamination if improperly handled. In parallel, the
combustion of fossil fuels during alumina production releases greenhouse
gases along with other pollutants such as CO, CO,, SO,, NO,, and fine
particulate matter, thereby contributing to climate change and
deteriorating air quality. Nevertheless, the strong alkalinity of red mud
makes it a promising material for adsorption and neutralization of acidic
wastes, particularly flue gases from fossil fuel-fired power plants. Thus,
utilizing red mud for greenhouse gas capture and treatment offers dual
environmental benefits: mitigating gaseous emissions while providing a
sustainable waste management strateqy for the alumina industry. This
paper reviews international research and practical applications of red
mud for greenhouse gas storage and treatment. Building on these
findings, it proposes technological directions for the simultaneous
management of red mud and gaseous emissions generated during
alumina production in Vietnam. Such an integrated approach is expected
to enhance environmental performance while supporting the sustainable
development of Vietnam’s bauxite and alumina industry.
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THONG TIN BAI BAO TOM TAT

Qucz tr mh Qud trinh sdn xudt alumin bang quy trinh Bayer luon phatsmh hai logi chdt
Nhan bai 25/8/2025 thdi nguy hai la buin d6 va khi thai. Bun d6 la chdt thdi ran c6 khoi Iwong Iém,
Stra xong 30/11/2025 chira chu yeu 30+60% Fe,0s, 10+20% Al;05, 3+50% Si0,, 2+10% Na;0,

Ch4p nhin ding 20/12/2025 2+8% CaO va khoang 10% TiO,. Bun do c6 pH cao (10 13] nén khéng ch1
khé xit ly ma con tiém dn nguy co’ 6 nhiém ddt, nwéc va hé sinh thdi néu

Tir khéa: khéng duoc quan ly thich hop. Song song d6 la qud trinh dot nhién liéu héa
Bun do, R _ thach phuc vu sdn xudt phdt sinh khi thai thdi va cdc chdt 6 nhiém khdc nhuw
Cong nghiép alumin, CO, CO,, SO,, NO, va bui min, gép phén gia ting bién d6i khi hdu va suy gidm
Giam NO,, chét lwong méi trwomg khéng khi. Tuy nhién, btin dé c¢é d6 kiém cao nén la
HA4p phu CO,, vat liéu tiem ndng dé hdp phu va trung hoa chdt thdi axit, ddc biét Ia khi thdi
Khir SO,, ctia cdc nha mdy dét nhién liéu hod thach. Do dé, st dung bun dé dé lwu giir
Phit trién bén vitng moi va xw ly khi thai khong chi gép phdn gidm phat thdi ma con tao gidi phdp
truong, quan Iy chdt thdi bén virng, hu'o'ng dén muc tiéu kép vé moz tru'o'ng Bai bdo
Xt 1y khi thai. nay téng hop cdc nghlen ctru va thuec tién trén thé’ g10'1 vé lmg dung bun dé

trong lwu triv khi thdi, tir doé dwa ra dinh hu'o'ng Cong nghé xw ly dong thoi
buin dé va khi thdi phdt sinh trong qua trinh san xudt alumin tai Viét Nam,
g6p phdn ndng cao hiéu qud méi truong va phdt trién bén vieng nganh céng
nghiép bauxit cua Viét Nam.
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1. M¢& dau

Bun do6 13 chit thai ran phat sinh trong qua
trinh san xuat alumin theo quy trinh Bayer. Lwong
bun d6 sinh ra tir quy trinh Bayer trén toan thé
giti gan 170 triéu tAn mbi nam khién né tré thanh
mot trong nhitng loai cht thai ran 16m nhit hién
nay. Bun dé dugc lwu trivr ngoai troi tai cac ho thai
hodc bii thai, khéng chi chiém dung dién tich dat
ma con gay thAm nhiém cac thanh phan ddc hai
vao dit va nwéc ngam, de doa dén méi trwong sinh
thai va strc khde con nguoi.

Bun dé chira nhiéu thanh phén hitu ich nhw
Fe, Al, Si, Ti, Ca va Na, ching c6 thé duwoc tin dung
dé san xudt vat liéu xay dwng nhw gach, thiy tinh,
xi mang, gbm sit va bé téng. Ngoai ra, bun do con
1a ngudn cung cip cac kim loai c6 gia tri nhw Fe, Al,
Ti, Ga va Sc (L&, V. H va nnk., 2024). Do d4, nhiéu
nghién ctru cho rang tai sir dung bun dé dé€ san
xuat vat liéu xay dung 1a hwéng kha thi va trién
vong nhat. Hién tai, ty 1& tai str dung bun dé chi dat
khodang 5%, trong d6 yéu t6 han ché chinh cho viéc
tai st dung 1a tinh kiém manh ctia bun do. Khi cac
thanh phan kiém dworc loai bo, viéc tai st dung va
tai ché bun d6 sé tré nén kha thi hon. Do do, viéc
khir kiém c6 y nghia rat 1én déi véi viéc str dung
toan dién bun do6. Cic phwong phap khir kiém
truyén thdng cho bun dé bao gom: rira bang nudc,
cacbonat héa, voi hoa, voi hoa két hop cacbonat
héa, trung hoa bing axit, trung hoa bang nwéc
bién va sinh hoc, trong d6 phwong phap khir kiém
bang khi axit (CO,, SO,,...) dwoc tAp trung phan
tich trong nghién ctru nay.

Phat sinh dong thoi chat thai ran va khi thai
la hai vin dé mdi treong 16n ma nganh cong
nghiép nhéom dang d6i mat. Qué trinh san xudt
alumin tir quang chiém dén 90% lwgng phat thai
CO, trong chudi san xuit nhom. Theo Sripriya va
nnk. (2023) thi nang lwong can thiét cho qua trinh
phéan huy bauxite gibbsit & nhiét d6 thapla 7,5 +
12 G]/t va & nhiét d6 cao la 11,18 GJ/t. Phan lén
nang lwong nay dwoc cung cip bdi cdc nha may
nhiét dién than. Nhin chung, dé€ san xuit 1 tin
nhom kim loai cAn phai d6t 8+12 tin than va phat
sinh 3+4 t4n bun d6 va 2+5 tin tro bay,... (Sripriya
va nnk., 2023). Khi thai phat sinh tlr qua trinh dét
than chitra mot lwgng 1é6n CO,, SO, NOy, CO, bui
min,... va c6 tinh axit. Trong khi d6, bun dé c6 tinh
kiém manbh, la vat liéu tiém ning dé hip phu va
trung hoa cac khi thai axit, chang han nhw khi thai

cla cac nha may dot nhién liéu hod thach. Nhiéu
nghién ctru trén thé gi¢i da chirng minh kha nang
cacbonat hoa, sulfat héa va nitrat héa cia bun do
(Tao va nnk, 2019; Bonenfant va nnk, 2008;
Valluri va nnk. 2021). Cac phan rng nay vira trung
hoa do kiém vira cd dinh cac khi axit do dé gop
phan giadm phat thai khi nha kinh va xtr ly chat thai
ran. Theo Fang va nnk. (2024), cAc phan trng nay
lam gidm pH dung dich bun do tir 12+13 xudng
khoadng 9+10, dong thoi hinh thanh mudi bén nhw
canxi cacbonat, canxi sunfat va canxi nitrat - la
nhitng sdn phiam c6 thé tai st dung trong san xuit
vat liéu xay dung.

Nhuw vay, viéc st dung khi thai cia cac nha
may dét nhién liéu hoa thach dé khi kiém bun do
mang lai hai lgi ich: gidm phat thai khi thai va khi
kiém cho bun dé. Qua trinh tron khi thai véi bun
dé sé lwu gitt mot lwgng khi thai déong thoi lam
gidm do kiém ctia bun do, tao diéu kién thuan lgi
cho viéc tai str dung bun dé cho cac muc dich khac.

2. Co s& ly thuyét
2.1. Co’ ché hdp phu khi CO, ctia buin dé

DE lwu trir CO,, da c6 nhiéu ky thuit dwoc
phét trién nham thu giit va ¢d dinh CO,. Cac
phwong phap nhw c6 dinh dia chat, thai vao dai
dwong va c6 dinh sinh hoc da dwoc nghién ciru
rong rai. Qua trinh cacbonat héa khoang vat
(mineral carbonation) la mot trong nhitng
phuong phap hira hen nhit véi cac thi nghiém va
g dung ngay cang tang trong viéc c¢d dinh CO,
trong bazan hodc cac vat liéu phé thai.

Cacbonat héa khoang vatla phan trng ctia CO,
v&i cac khoang vat khong phai cacbonat hoac chat
thai dé tao thanh cic dang cacbonat 6n dinh vé
mat dia chit va nhiét dong hoc. Ngay nay, cac vat
liéu thwong pho bién dé lwu trir CO, bao gom dat
dai, xi thép, tro bay, dung dich amine, zeolite,
mang loc da 16, serpentinit, olivin, vat liéu xi
mang,... va bun do. Bun do c6 thé dwoc dung lam
vatliéu thu gitr va lvu trir CO, phat thai tir cic nha
may nhiét dién, nha may xi mang, xwdng luyén
kim va cac nha may gia cong kim loai. Bun doé sau
khi trung hoa cé thé dung lam vt liéu xiy dung
nhw gach, gdbm sit, men, chit tao mau, son, ngoi,
phu gia xi mang va gach lat. Trong mét s6 truong
hop, dung lam chit cdi tao dit va phan bon. Ngoai
ra, con thé str dung trong vt liéu cao cip hon nhw
tdm composite bun d6, polymer thay thé go,
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geopolymer, xi mang giau sat, vatliéu can tia X. N6
ciing 6 thé dwoc dung lam nén dwong hodc trong
xtr Iy nuwére thai dé€ hap phu ion kim loai nang nhw
chi, crém, arsenic, florua, cadmium, kém. Viéc thu
h6i kim loai nhw V, Cr, Ti va cic nguyén t6 diat hiém
ciing 1a mot hinh thirc tai ché c6 thé thwc hién véi
mot s6 loai bun do6 sau trung hoa.

Phan rng trung hoa dung dich bun d6 dién ra
theo cac phan trng cacbonat héa ctia CO, theo cac
phuong trinh tir (1) dén (5): (Fang va nnk., 2024;
Guilfoyle va nnk.,, 2005; Venancio va nnk., 2013;
Braga va nnk, 2018). Axit cacbonic hinh thanh
trong dung dich chira CO, sé trung hoa cac bazo
va két tia dwdi dang cacbonat natri, canxi va
magie. Qua trinh cacbonat héa trong méi trweong
nuwéce thi sy hydrat hod khong thé dao nguwoc cia
oxit canxi xay ra trwdc qua trinh hoa tan déng thoi
cta Ca(OH); v6i sy phan ly cia CO, trong dung
dich va diy la bwdc chuin bi cho phan tng
cacbonat héa. Khi cac ion Ca?* dwoc chuyén héa
thanh CaCOs va két ta thi nhiéu Ca(OH); hon sé
hoa tan dé can bang néng do Ca?.

CO, + OH™ & HCO3™ 1)

HCO5;™ & H* + CO3*" (2)
NaAl(OH)4 + CO; <> NaAl(OH),CO3 + H,0 (3)
3Ca(OH),-2AI(0OH); + 3CO, < 3CaCOs3 +

2A1(OH); + 3H,0 (4)
6A1Si0,-2NaOH + 2C0, > NagAlSiO, + 2NaHCO;
(5)

Qua trinh cacbonat héa trong nwéc cla cac
hop chét silicat chira Ca va Na, bwéc dau tién la
CO; hoa tan trong pha nwéc tao ra cac ion H+.
Trong méi trwedng axit yéu cac ion Ca?+, Mg2+ va
Na* dwoc tach ra khoi mach silicat va hé théng tién
téi qua trinh két tha cacbonat. Toc dd va mirc do
tach cac cation dwoc phat hién c6 méi quan hé ty
1é nghich véi kich thwére hat va pH, nhung tang khi
nhiét do, ap suit va dién tich bé mat riéng tang.
Mirc d6 va toc do cacbonat héa phu thudc vao kha
nang khuéch tan va tinh phan tng caa CO, dwoc
kiém soat bai do xdp va cac diéu kién vat Iy nhw
nhiét do, ap suit va dé6 &m twong doi.

Nhiéu nghién ctru da chi ra nhitng yéu td
chinh anh hwéng dén toc d6 va mirc d6 cacbonat
héa bao gdm: co ché ki€ém soat vin chuyén nhw sw

khuéch tan ctia CO, va cic ion Ca2*+ dén va ra khéi
cac vi tri phan &ng, hiéu rng 16p bién (khuéch tan
qua 16p két tha trén bé mat hat), sw hoa tan
Ca(OH) trén bé mit hat va d6 rong. Cac san phdm
chinh ciia qua trinh cacbonat héa cwéng birc trong
bun la: Na2CO3 va NaHCO03.Na2COs bi hoa tan nén
cung cap kha ning lwu trir CO, kém bén vitng hon
so v6i cac cacbonat rdn ciia Ca va Mg. Khi NaOH
hoa tan tich tu trén bé mat cta ho thai bun do,
cacbonat natri dwgc wu tién két tia thong qua qua
trinh lam khé nhung viéc tai hydrat hoa sé lam tan
pha rin nay.

2.2. Cor ché hdp phu khi SO; ctia buin doé

Hién nay, theo méi trwong phan tng cé 02
phuwong phap hdp phu khi SO, bang bun d6 la
phwong phap khé va wét. Nguyén ly chung cta
phwong phap kho 1a st dung cac oxit kim loai dé
phan tng véi SO; nhw phwong trinh (6). Trong
phwong phap khé bun dé dwoc st dung dé hip
phu SO; noéng dd thip trong bubéng khi ho4, hiéu
qua cta qua trinh phu thudc va kha ning hip phu
SO; cta Fe;03 trong bun do6. Ngoai ra, cac thanh
phan khac ctia bun do trong buéng khi hoa ciling
c6 kha nang hip phu khi SO, theo cic phuwong
trinh (7) va (8) (Venancio va nnk., 2011; Tao va
nnk., 2019; Liu va nnk, 2023). Do d4, bun doé c6
kha nang thay thé chit hip phu truyén théng nhw
da voi trong qua trinh khir luvu huynh tai chd trong
budng khi hoa. C6 thé thiy rang trong qua trinh
khir lwu huynh bang phwong phap kho thi viéc st
dung bun dé cht yéu dwa vao cac oxit kim loai
trong bun dé dé loai bé SO,. Phwong phap nay tin
dung sw da dang ctia cac oxit kim loai trong bun dé
va tranh dwoc cac van dé nhu tic va an mon so véi
phuwong phap wét. Tuy nhién, kich thwdc min cia
bun dé la mot khé khin va tré ngai doi véi qua
trinh khir lvu huynh kho.

Ngoai ra, sit dung bun dé dé hip phu SO,
bang phwong phap kho c6 hiéu suit thip hon va
khé thuc hién trong thuc té€ do phai lam khé bun
de.

MeO + S0, + % 0, —>MeSO,  (6)
Ca0 + SO, + % 0, — CaS0, 7)

2Naz0 + 45S0,—> 3NazS04 + NasS  (8)
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Trong phwong phap wét, bun dé van dang &
dang bun dwogc str dung dé hap phu SO.. Theo
nhiéu nghién ciru bun d6 phan &ng véi SO, chu
yéu thong qua cac phwong trinh (9) dén (14).
Nhitng phan tng héa hoc nay khong chi loai bo
SO, trong khi thai ma con loai bé thanh phan kiém
dw trong buin d6. Ngoai ra, khi bun dé hap phu SO,
phan rng oxi hoa xuc tac sé xay ra theo phwong
trinh (15) va (16) (Liu va nnk., 2023). Hai phan
rng nay tao ra s c6 mit cta ion Fe?* /Fe3* trong
bun d6 1am tang hiéu qua hap phu SO ctia bun do.
Nhiéu nha nghién ctru cho rang bun dé 1a mot chat
thay thé hiéu qua cho cac chit hap phu trong
phuwong phap khit lvu huynh wét. Co ché hip phu
cht yéu dwoc chia thanh ba bwéc: (1) SO trong
pha khi dwoc hap phu béi nwéce trong bun do; (2)
phan &ng trung hoa, phan rng oxi héa va oxi héa
xuc tic xay ra giira ion H* v&i kiem va mudi kim
loai trong buin d6 va (3) cac chat phan trng ban dau
trong pha 16ng di chuyén dén giao dién gitra pha
khi va pha 16ng, noi ching c6 thé phan Gng véi cac
chit khi, con cac san phdm cta phan &ng di vao
pha 16ng va phéan tan déu trong pha long.

H,0 + SO, — SO32 + 2H+ 9)

2NaAl0; + SO32 + 2H* + 2H,0 —> Na,S0s +
2A1(0H)s (10)

Naz0.Al503.1,7Si0,2.2H20 + SO, = NaS0s +
Al,05.1,75i0,.2H,0 (11)

Na;SiO3 + SO32- + 2ZH* — NazS0s3 + 2HSi03 (12)

2[Fe(OH)4]- + 3S03% + 8H* —>Fe(S03)s + 8H:0
(13)

SOs% + Caz* — CaS03 (14)
2Fe2+ + S0z + 02 — S04 + 2Fe3+  (15)
2Fe3+ + SO, + 2H,0 — 2Fe2+ + SO42 + 4H+ (16)

2.3. Cor ché hdp phu khi NO ctia bun dé

Bun do6 dwoc str dung dé hap phu NOy thong
qua hai phwong phap 1a khir va oxy hoa. Theo
phwong phap khtr, bun dé dugc st dung lam chat
xtc tac dé loai bé NO bang qua trinh khir xtc tac
chon loc. Do bun d6 c6 dic diém nhw chi phi thip,
kha nang chéng thiéu két, chong doc, dién tich bé
mat riéng cao va ham luwgng oxit sit cao. Ngoai ra,
hon hop V205 / Fe;05-Ti0 trong bun dé 1a xuc tac
kiém soat tot khi thai NO. Vi viy, nhiéu nghién ctru
cho rang bun dé c6 ham lwong sat cao c6 thé thay

thé ot cho cac chat xuc tic thwong mai dang st
dung dé kiém soat khi thai NO. Tuy nhién, dé st
dung dwoc bun do6 lam chit xtc tac cho qué trinh
khtr NO, bun dé phai duoc tién xt ly dé loai bo
kiém va lam kho bun do. Do d6, phwong phap nay
khong kinh té khi &p dung tai cic nha may san xuit
alumin bang qua trinh Bayer.

Do khi NOy c¢6 hai chita dén 90% NO va NO
khoéng tan trong nuwéc. Vi vdy, thwc chat cla
phwong phap oxy hoa 1a qua trinh chuyén khi NO
thanh cac oxit nito c6 hod tri cao hon, con bun do6
lai c6 kha nang hap phu khi NO-. Vi viy, bun do c6
thé dworc st dung lam chit hip phu cho qua trinh
oxy héa NOy Trong qua trinh nay, dau tién st
dung phét pho vang dé kich thich ozone oxy héa
NO, chuyén NO thanh NOx héa tri cao, sau d6 st
dung tinh kiém ctia bun d6 dé trung hoa va hap
phu NOy, cudi cing NOx dworc chuyén thanh HNOs.
Cac phan rng nay dworc trinh bay tir phwong trinh
(17) dén (24) (Bin va nnk, 2020; 2021; Liu va
nnk., 2023).

P,+0,—>P,0+0 (17)

P,0 ' mO + 2P,05 — P04 (18)
0+0;—0; (19)
NO + 03— NO, + 0; (20)
2NO; + H,0 — NOZ + NO* + 2H+ (21

P4019 + 6H,0 = 4H3PO, (22)
Al,03 + 6H* — 2A13+ + 3H,0 (23)
Fe;03 + 6H* — 2Fe?* + 3H,0 (24)

C6 thé thdy rang trong qua trinh oxy hoa va
hap phu NOy, bun dé déng vai tro la chit hap phy,
cht yéu str dung tinh kiém cta bun do dé hip phu
NOy héa tri cao da dwoc oxy hoa, nham dat dwoc
muc dich loai bé NO,. Sy khac biét gitra phwong
phap oxy hoa va phwong phap khr NOy la qua
trinh khir NO, chuyén NOy thanh N; v6 hai. Con
phwong phap oxy hoa thi oxy héa NOx thanh NOs,
cacion kim loai trong buin d6 s& phan (rng, dan dén
pha long sau khi hdp phu NOx chira NaNOs,
AI(NO3)s3, Fe(NOs); va cac nitrat khac, c6 thé dwoc
tai ché€ lam san pham thwong mai. So v&i viéc khir
NO, qua trinh hap phu oxy h6a NOy c6 chi phi kinh
té hon.
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3. Cac nghién ciru dién hinh
3.1. St dung bun dé dé lwu triv khi CO,

Nhiéu nghién ciru cho thiy bun doé c6 kha
nang cd dinh CO, thong qua qua trinh cacbonat
hoa truc tiép trong d6 CO, phan (ng véi cac oxit
kiém trong bun do dé tao thanh mudi cacbonat
(CaCOs, Na,C05). Py 1a huémg xir Iy khi nha kinh
c6 y nghia kép: gidm do kiém bun dé va hap thu
CO; tir khi thai. Hiéu qua cd dinh CO, phu thudc
vao nong do khi, nhiét o, d6 4m va ty 1& ran/16ng.
Cac nghién ctru tiéu biéu dwoc tom tat & Bang 1.
Tir s6 liéu Bang 1 nhén thay: bun dé hip phu CO,
hiéu qua nhat trong méi trwomg wét pH 10+12, ty
18 16ng/ran 5+10. Qu4 trinh wét cho hiéu qua hip
phu cao hon 3+4 lan so véi kho. Két qua trung
binh: 5+20 gCO,/kg bun dé (twong dwong
50+200 kg/tan bun dd). Cac khoang phan trng chui
yéu la Ca0 va Na;0, hinh thanh CaC0s, Na,CO3 va
hydrotalcite. San phdm 6n dinh, dé tach, khong
gay 0 nhiém thir cap.

3.2. Str dung buin dé6 dé lwu triv khi SO

Cac nghién ctru vé lwu triv SO, tir khi thai bang
bun dé déu cho thiy hiéu suit khir SO, dat trén
93%, ham lwgng Na,O trong bun dé cé thé giam
xudng dudi 1%. Cac théng s quan trong nhit dé
ting hiéu qua khtr SO, bang bun d6 1a: thoi gian
phan ¢ng; ndng do SO, va ndng dd pha ran clia
bun dé (Tao va nnk, 2019). Nam 1977, Sumitomo

(Nhat Ban) da xay dung hé thong c6 kha nang khir
dén 96% SO trong khi thai bang bun dé. Hé théng
nay da dwoc str dung trong mot thoi gian dai tai
nha may alumin Eurallumina & Sardinia (Italia).
Twong tw, nha may luyén nhom & Surinam thudc
Alcoa (Uc) dang st dung khi khi axit sunfuric/luu
huynh tir khi thai cta 160 hoi dé trung hoa bun dé
(Raahauge va Williams, 2022). Cac nghién ctru xtr
1y SO, bang bun d6 cho & Bang 2.

Cac két qua tong hop cho thay bun dé c6 kha
nang hap phu SO, rit cao dic biét trong diéu kién
wGt. Hiéu suit loai bo thwong dat 90+98% nho
phan &ng trung hoa gitra SO, va cac thanh phin
kiém (CaO, Na,0) trong bun do, hinh thanh CaSO3
va CaS04-2H,0 (Wang va nnk.,, 2018; Liu va nnk,,
2022a). Phan trng khong chi loai bé SO, ma con
giam dang ké d6 kiém ctia bun dé - diéu nay rat cé
loi khi tai sttr dung bun dé trong cac &ng dung
khac. So v&i phwong phap dung da voi truyén
thong trong khir lwu huynh (FGD) thi viéc dung
bun dé mang lai hiéu qua twong dwong nhung chi
phi thdp hon do tin dung dwgc chat thai s&n c6 tai
nha may alumin (Chen va nnk,, 2023). Ngoai ra,
san pham phu thach cao tdng hop (CaS0,4:2H,0)
c6 thé st dung trong vat liéu xiy dwng gép phin
hwéng téi chu trinh xi 1y - tai ché tuan hoan.

Tuy nhién, mot s6 han ché van ton tai: hiéu
sudt gidm khi néng d6 CO, cao hodc d6 4m thip do
hinh thanh 16p CaCO; phu bé mat ngan can tiép
xuc gitra SO, va bun dé (Liu va nnk.,, 2022a).

Bdng 1. Téng hop cdc nghién ctru vé hdp phu va cé dinh CO, bdng buin dé.

Tham khio Hu'o'rig tiép Nguon biéu ky;en thi Hleu, qua Y nghla.lAcong
can CO, nghiém chinh nghiép
. R . fyas (A A pH 10,5-9; . R
Guilfoyle va nnk. | Carbonat hod | Khithai |ban cong nghiép; gidm ~4% Ung dung cong
N 0 0 . A 2 -
(2005) truc ti€p (9% CO,) 359C; pH 11 CO, téng nghiép kha thi
Yadav va nnk . . . | \
(2010), Sahuva | Carbonathoa | COxtinh 55y 5. 45| 53kg/tbun | Hinh thanh CaCOs,
truc ti€p khiét do cancrinit 6n dinh
nnk. (2010)
Bonenfant va nnk. | Carbonat hoa | CO, tinh Phwong phap wét
(2008) kho v uét |  khiét 6bar, 1h 1 20,09¢g/ke |~y ia) Gua hon
Venancio vannk. | Khi thdi bdn |Lo d6tdau| 27% ran; thap |33+102 kg/t; | Hip thu dong thoi
(2013) cong nghiép | nhién liéu phun pH cudi 10,4 SO0, (~94%)
. Na,O0 giam ttr - R
oC- - .
Faré 02 Lg“k' Khirkism | Khithai | > g'OL/ Eﬁt 10:13 2 xudng i“fli‘éunfh‘;‘;r}‘lg
Niu va nnk. Phu 'gAla vat . 500-8500C 3,2 mmol Két hop xtr l},] véi
(2021) liéu CO,/g than hoat tinh




Pham Vin Ludn va nnk./Tap chi Khoa hoc Ky thudt M6 - Pia chdt 67(1), 29 - 40

37

Bdng 2. Téng hop cdc nghién ctru xix Iy SO, bdng bun dé.

oA A .. | Hiéu qua
Tham khao 9 3%“3%?1 o Dieu k‘ecr}‘ﬁtf:;“gh‘em khir SO, | Dic diém/Nhén xét chinh
- N Hé théng hoat dong on
Raahaugeva | Heé théng khirkhi | |18 dung tai nha dinh 1au dai; chémg minh
may Eurallumina 96% ) , A

Williams (2022) thai (FGD) (Italia) kha nang ng dung cong

nghiép.

Williams (2022) (S0,/S05) 16 hoi chira SO,/S0; phit hop cho xit Iy lién tuc.
Hap phu woét - pH =12,3; L/R = L/R1a yéu t6 quan trong
bun dé Bayer | 20:1i [502] = 1000 nhit; 0, ting 0+7% giti

Tao va nnk. (2019)| - y mg/m3; T = 250C; | 98,61% | . o7 2 N8> /70 S1UP
(Van Nam, Trung , tang hiéu qua; giam Na,0 <
Quéd) lwu lwong khi=1,5 19
L/phuit o
Van tdc khi =10,9
" o m/s; [SO,]in = Hiéu suat gidm khi pH < 9;
Venancio va nnk. Hapb%}rlludlgot 5694,63 mg/m>; 95 94 néu duy tri pH > 9 thi hiéu
(2011) ALUNORTE [SO,]out = 231 7E70 | sudt >95%; phit hop cho
mg/m?; pha ran van hanh lién tuc.
20%
. San pham phu:
— [ .
Tao vannk. (2019) ot (F%[(;) 0,3% 25+400C 97% CaS0,4:2H,0; phan &ng 6n
2 dinh.
Wang va nnk. A . o ) 0 90% sau | Phu hgp quy mo6 nhd; tai
(2018) Kho6 tuan hoan 0,2% SO,; 300°C 3h sir dung vat lidu hdp phu.
Liuva nnk. (2023) | U6ttuanhodn | 049%SO,;pH=11 | 98% |C14M Nazz(’)zt:_rf’r;% zun do tu
Liu va nnk. (2022a) | KD0 ~bun do hoat 2500C 750, | Bémdt Cal va Fe;05 dong
héa vai tro hap phu chinh.
- N NaAscorbate gitp tang
L‘(‘;(V)gzng‘)k' Nf:;gfb;te 0,4%S0,; pH=10 | 94% | hiéu sutva han ché bit bé
mat.

Dé&khic phuc, cac nghién ctru gan day khuyén nghi
két hop chat oxi hda (05, Na-ascorbate) hodc tang
tuan hoan dung dich bun dé nham duy tri pH t6i
wu (9+10) va tranh hién twong bit mao quan.
Téng thé, cong nghé khir SO, bang bun dé
dang huyén phu la phwong an kha thi & quy mo
cong nghiép, vira xtr ly khi thai, vira giam doc tinh
ctia bun do.
3.3. Stv dung biin dé dé luwu triv dong thoi khi SO,
va NOx

Phwong phap pho bién hién nay dé khir dong
thoi khi SOz va NOy bang bun d6 1a thém chat oxy
ho4 (03) bang cach st dung nhii twong phét pho

vang nhu trong cac phan &ng (17) dén (20). Viéc
str dung ph&t pho vang dé san xuit ozone oxi hda
da tranh dwoc vin dé chi phi cao trong viéc san
xudt ozone. Két qua cho thiy & diéu kién toi wu
hiéu qua loai bo NOy va SO; lan lwot la 97,9% va
100% dwéi cac diéu kién t6i wu nhw sau: ham
lwong oxy 10%; toc do khudy 1.600 v/ph; luu
lwong khi thai 400 ml/phdt; néng do phét pho
vang 12,5 g/I; nhiét d6 phan Gng 50°C; néng do
pha ran ctia bun d6 30 g/1; Nong do NO dau vao
300 ppm va néng do SO, dau vao 1.000 ppm (Liu
vannk, 2022a).

Vivai tro ctia bun dé trong khtr lwvu huynh va
Khtr nito trong qua trinh wét gan nhw giéng nhau,
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viéc két hop oxi héa va hdp phu NO bing bun dé
voi khit Ivu huynh wét bang bun dé s& mang lai
hiéu qua kinh té. Hai phwong phap nay pht hop
hon khi st dung cung nhau, va cac san pham la
nitrat pha léng va canxi sulfat dihydrate pha ran,
dé tach va tinh ché thanh cac sdn pham thwong
mai. Ngoai ra, khi bun d6 hip phu NOxva SO, trong
khi thai mot s6 ion kim loai trong bun do ciing ¢
thé hoa tan, nén c6 thé tin dung qua trinh nay dé
tai ché bun dé. Téng hop cac nghién ctru vé xit ly
NOx va dong thoi véi SO, cho & Bang 3.

Hiéu qué xtr Iy NO, bang bun dé nhin chung
thap hon SO,, do NO c6 d6 tan kém va hoat tinh
héa hoc thap. Tuy nhién, khi két hop cac tic nhan
oxi hoa (03, H,0,, Na-ascorbate) hodc plasma
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nang lwong thip, hiéu suat khir NO, c6 thé dat
80+90% trong diéu kién w6t (Bin va nnk., 2020;
Liu va nnk.,, 2022b). Cac oxit Fe,03, TiO, va Ca0O
trong bun dé dong vai tro xuic tac oxi hoa NO thanh
NO,, sau d6 NO, hoa tan trong dung dich tao HNO,
va HNOs, phan &ng v6i Ca®* va Na* dé tao mudi
nitrat (Liu va nnk., 2023). Khi tén tai d6ng thoi SO,
va NO,, hiéu suit hdp phu dwoc cai thién nho
twong tac hdéa hoc thuan lgi: SO, lam giam pH
dung dich, thic diy sy hoa tan va phan rng cta
NO,. Ngoai ra, qua trinh plasma kho (Liu va nnk,,
2022b) cho thay bun do c6 thé déng vai tro vatliéu
hip phu xtc tc, gitp gidm nang lwong tiéu thu va

Bdng 3. Téng hop cdc nghién ciru xir Iy NOx bang bun dé.

Phuwong Nguon hoac o 1aa o | Hi€uqua R
Tham khao | phap/Huwéng tiép | ndng d6 NO, (va B‘en“ Eg‘nth‘ khir NO,, / thlécnh“r/l Yh‘ilgh‘a
cin SO, néu cb) ghie SO, (%) § nehiep
Hinh thanh
Bin va nnk. | Hap phu w6t don 0 0 . ano Ca(NO3),; thich
(2020; 2021) bang bun dé 0,03% NOx 25 70+80% hop cho quy méd
nho.
N Hap phu w6t dong n .
Bin va nnk. < g 400 ppm NO + 50°C; 4% NOy 88%; | Hiéu qua cao, quy
thoi véi Na-
(2020) ascorbate 500 ppm SO, NaAsc S0, 95% trinh don gian.
Chenva k. | HaP phuxiic tic | 10% CO, +500 [200°C; bin dé| €Oz 25%; |  Kha thi cong
(2021) " | kho bangbun dé | ppm SO, + 300 | hoathdéad | SO, 85%; | nghiép, vat liéu cé
hoat héa ppm NO 400°C NO, 65% thé tai sinh.
Niuvannk. | Oxihéawétbing | 0,1%SO,+ | 400C; 0530 | NO, 87%; N%3 Xt‘gcntaﬁil;? _1)1671
(2021) bun dé + 05 0,05% NO mg/L 50, 98% |\ ghieuq
ap phu.
Liuvannk. | oo g6, 0, | 200pPmNO+ | Nhitdo | NO,85%; );ali' ;ai‘éiongéhffo
(2023) 3 S0, phong (RT) | S0,99% |P™% s (;1
3.
0 A 2. rd
Chenvannk. | Binddhoathéa | 00 CO2 300 | | NO,65%; | pong i ba khi
(2021) (kho) ppm >¥; S0, 85% )
ppm NO st dung.
L x L oam f A 1, , NOy Hiéu qua cao, phu
Bin va nnk. |Hap phu wétdong| Khimo phdng | 25+500C; pH . -
(2021) th&ri (SO,-NO) $S0,-NO 9:11 80+90%; | hop choxitly
2 2 ‘ S0, 90% | ddng thoi khi thai.
) Y - 2000C: o | iz =
Liuva nnk. |Plasma hé tro bin . Khl thai 200+4000C; | NO4 70%; Glamonf'ing \lu'c_)'ng
(2022b) dé (khé) biodiesel, 300 | plasma HFAC SO, ~30%; phu hop
ppm NO, 30w 85+90% | khi thai dong co.
s bong xtr Iy SO,-
L}gg;;;)k. Bun d6 tudn hoan | 100 ppm NO, pH 9+10 80% NO, hiéu qua; 6n
dinh theo chu ky.
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tang do 6n dinh cta plasma. Tuy nhién, phwong
phép nay yéu ciu kiém soat nhiét d6 nghiém ngat
(200+4000°C) @€ tranh thiéu két bé mat vat liéu.

Nhin chung, viéc st dung bun dé cho xt ly
NO, dat hiéu qua cao nhit khi phdi hop dong thoi
véi SO, va CO,, tao mdi tredmg hoa hoc can bang
va tai sinh san phdm trung hoa. Diéu nay khing
dinh tiém nidng ctia bun dé nhw vit liéu da chirc
ning, c6 thé xir Iy déng thoi nhiéu khi 6 nhiém
trong cung hé théng.

Cac cong nghé khir lwvu huynh va khtr nito
thong dung duorc so sanh véi cong nghé trng dung
bun do. Két qua so sdnh dwoc trinh bay trong Bang
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4 (Liu va nnk., 2023). C6 thé thiy rang bun dé c
hiéu suitloai bé cao khi dwoc ap dung cho khir lvu

huynh va khi¥ nito.

4. Thuwe té xir Iy bun dé va khi thai tai cac nha
may Alumin Viét Nam

4.1. Hién trang bun do va khi thdi tai cdc nha

mdy alumin

Hién nay tai Viét Nam c6 hai co s& san xuit
alumin thudc Tap doan TKV 1a cong ty Nhom Dak
Nong va LAm Pong, hang ndm thai ra khoang 1,2+
1,3 triéu t4n bun do.

Bdng 4. So sdnh hiéu qud khtr Iuu huynh va khir nito bdng cdc tdc nhdn khdc nhau.

A . A Khicadn | Hiéusuit | Sanphim -
Ky thuat | Tacnhan loai bd (%) phu U'u diém Nhuwoc diém
Khéng c6 nwéce thai, Hiu qua
Khir luu ba voi SO, 85 CaS04, CaS03 | tiéu thu ndng lwong Kém
. thap
huynh ~ P Y
kho . Na;S0, | KpOngconubcthdl, |y o) s
Bun do, CuO SO, 80 CaS04, CuSO; tiéu thg narllfg ll;r(_)'ng Kém
thap, gid ré
o X ly nwéc
. ba voi SO2 >95 Thach cao Pha.rl une n hanh, thai cé tinh
Khtr lvu hiéu qua cao “ N
huynh dn mon
w6t Phan rng nhanh, | X ly nuéc
Bun dé SO, >95 CaSO04, FeS04 | hiéu qua cao, nhiéu | thai cé tinh
san phdm phu dn mon
Khit nito NH3 NOx 90 - Hiéu qua cao (];)‘éar?t?érr}c:(rér
kho NHs, Bun do NOy 90 - Hiéu qua cao L
ly bun do
. 03, NaOH NOx 98 NaNo, | Vanhanhdongian, | pe )
Khtt nito hiéu qua cao
wot N Al(NO3)3, A . Can chat oxi
P4, Bun do NOy 98 Fe(NO), Hiéu qua cao héa
an. Hiéu qua cao, thiét | Hon 300°C
Tﬁ;ﬂﬁ‘ $0,, NO, SN%'_%% (NH.)>S0: | binho, than hoat | c6 thé tw
Khr lwu : X' tinh c6 thé tai ché chay
}rl:ll‘zgl Eﬁlg I;IIH3£§$1 S0, NO S02:98; (NH4)2S0 Hiéu qua cao hon trcjr?g/g)\]i?n
oat tnx, 28 1 NOL85 #2584 | khi st dung bun dé | dé c6 thé
Bun doé 5
déc
. Pat tién, san
Khitlwu | O3, NaOH | SO, NOy Sl\?(z)' 1_82’ 1;]\1121384' Ph}?irél‘lmﬁ ;}Cl:(r)‘h ph&m phu
huynh va x 2 "1 khé tach
khu ’nlto' P,/03, Bun S0,:100; Cas0,, Phan &ng nhanh, |Can chat oxi
wot A SO2, NOy Al(NO3)s, A . .
do NO4:99 hiéu qua cao héa
Fe(NO3)3
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Bun dé tai cac nha may c6 pH = 10+12,2 va
dwoc cac cong ty lwu trir tai ho theo phwong phap
thai w6t. Theo quy hoach hién nay vé khai thac
bauxit tai TAy Nguyén, néu tinh dén ndam 2025 thi
lwong bun do thai ra sé dat 23 triéu tan, sau 10
nam sé 1 230 triéu tdn va sau 50 nam sé la 1,15 ty
tan. Pong thoi, theo s8 liéu ctia cong ty Nhdom Dik
Néng - TKV dé san xuat tdn alumin cin 0,44 tin
than (trong d6 0,31 tin cho nhiét dién va 0,13 tin
cho khi hod than). Nhw vy, dé san xuit khoang
700.000 tdn alumin thi cong ty cin phai dot
khoang 310.000 tin than. Theo s6 liéu quan trac
tai Ong khdi nha may nhiét dién ctia cong ty Nnom
D3k Nong vao thang 5 nam 2021: luu lwong khi
thai vao khoang 513.000 m3/h; ham lwong CO,
NOy, SOz va bui trong khi thai lan lwgtla 5,32; 20,6;
391 va 64 mg/m3; con lai chi yéu la khi CO..
Twong tw, Ong khdi tai 10 nhiét phan cta céng ty
quan tric thang 11/2023 c6 luu lwgng vao khoang
228.000 m3/h; ham lwong CO, NO,, SO, va bui
trong khi thai Ian lwot 1a 21,47; 0,19; 69,86 va 59
mg/m3; con lai chi yéu l1a khi CO,.

4.2, U'6’c tinh lwong bun dé dé lwu triv khi thdi
nha mdy nhiét dién ctia Céng ty Nhém Pak Nong
bang

Theo s6 liéu thwc nghiém bang khi thai that
cua Guilfoyle va nnk. (2005) va Venancio (2013)
thi trong 1 m3 khi thai chira khoang 8+10% khi
CO2. Vi khong c6 s8 liéu quan trac khi CO; nén
trong tinh todan nay chon ham lwong CO; trong khi
thai nha may nhiét dién 9% (twong ttng 90 g/m3).
Dua trén s6 liéu thue nghiém (Liu va nnk., 2022a;

Bin va nnk., 2020; Fang, 2024) thi 1 kg bun dé c6
thé hip phu 15 g CO2; 200 g SO, va 80 g NO, bang
phwong phap wét. Dong thoi, gia thiét nha may
lam viéc 300 ngay/nam (twong tng 7.200 h). Khi
d6 sé xac dinh dwoc lwong bun do cin thiét dé hap
phu hét cdc khi CO2, SO, va NOx tir khi thai nha may
nhiét dién. Két qua tinh toan cho & Bang 5.

Nhu vay, lwong bun dé phat sinh moi ndm
(1,2+1,3 triéu tin) c6 thé hip phu toan bd SO, va
NOy trong khi thai, d6ng thoi c6 dinh khodng 6%
lwong CO..

4.3. Pdnh gid khad ndng dp dung céng nghiép tai
Viét Nam

Uu diém cta viéc str dung bun do dé xir Iy khi
thai tai Viét Nam:

- Sdn ngudn nguyén liéu: phat sinh tai cho,
khéng cin chi phi vin chuyén.

- Tdn dung chdt thdi kép: dong xtr ly bun dé va
khi thai, gidm chi phi x ly moi trwong.

- Gidm phdt thdi CO, gidn tiép: woc tinh dat
30+40% so véi cong nghé FGD-DeNO, truyén
thdng, nho tAn dung bun dé san cé thay thé hoan
toan cac héa chit hip phu va xdc tdc nhin tao
trong qua trinh xt Iy SO, va NO,.

- Phit hgp c6ng nghé: cac nha may alumin Viét
Nam hién nay déu thai bun dé bang phwong phap
wét, do do c6 thé dé dang tich hop qua trinh xtr ly
khi thai vao cac cong doan rira va tuin hoan bun
dd hién co.

Tuy nhién céng nghé nay c6 hiéu qua hap phu
CO, thap, doi héi cAn nghién ctru toi wu ty 18 16ng/ran
(L/R), thoi gian phan tng va kha nang tai sinh bun

Bdng 5. Khd ndng lwu gite khi thdi bang bun dé.

Thong s6 Don vi co, SO, NO,
1. Nong do trong khi thai g/m3 90 0,391 0,02
2. Lru lwong khi thai m?/h 513.000 513.000 513.000
3. Lwong phat thai theo gir kg/h 46.170 200,6 10,26
4. Thoi gian van hanh/nam h/nam 7.200 7.200 7.200
5. Tong lwgng phat thai/nam tin/nam 332.424 1.444 73,9
6. Hiéu suat hap phu trung binh § khl{il;)g bun 15 200 80
7. Twong dwong tin khi/tdn bun do tin/tin 0,015 0,2 0,08
8. L,.lro'ngbun do can dé hap phu toan bo taln blm 22.161.600 7220 924
Khi do/nam
9. Lwong bun do hién c6 tai nha may tdn/nam 1.300.000 1.300.000 1.300.000
19. T}’/ 1<_e\ XU 1}: dat dwoc voi lwgng bun % ~6% CO, 100% SO, 100% NO,
san c6 hang nam
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do. Tuy nhién, trong béi canh Viét Nam cam két dat
phat thai rong bang “0” vao nim 2050, day van duoc
xem 1a hwéng di trién vong cho phat trién cong
nghiép alumin xanh va kinh t€ tudn hoan.

5.Két luidn

Khi thai ctia cac nha may dét nhién liéu héa
thach c6 thé dwoc st dung dé trung hoa bun do,
dong thoi gop phan gidm phat thai khi nha kinh.
Mic du chi phi d4u tw va van hanh cho viéc lvu gitr
CO; trong buin do6 con twong doi cao (bao gobm ca
nang lwgng khudy tron va nén khi), nhwng cong
nghé nay mang lai hiéu qua moéi trwdng kép: vira
c6 dinh CO,, vira trung hoa tinh kiém cao ctia bun
dé. Khi pH ctia bun dé dwoc ha xuéng mirc chap
nhan dwgc (29+9,5), gia tri st dung cta vat liéu
tang dang ké, m& ra co hdi thwong mai hoa va tai
str dung trong vat liéu xay dung, cai tao dat hoac
X ly nwdre thai.

Nhiéu nghién cru quéc té da chirng minh kha
nang hap phu va lwu trit SO,, NO, ctia bun do theo
phuwong phap wét, véi hiéu qua cao va chi phi hgp
ly. Pac biét, bun do6 cé thé xi ly déng thoi SO, va
NO, trong ciing mot hé théng, thong qua cac phan
trng oxy hoa - khir va hip phu bé mit. Tuy nhién,
rng dung & quy md cdng nghiép van con han ché,
chti yéu do vin dé chi phi van hanh, kiém soat pH
va tai sinh vat liéu. Vi vay, can tiép tuc nghién ctru
hoan thién cong nghé, danh gia tinh 6n dinh lau
dai va kha nang tich hop vao quy trinh san xuit
alumin hién nay.

T cac két qua nghién ctru va tinh toan trén
thé gidi cho thiy, bun do tir qua trinh Bayer c6 kha
nang hip phu hiéu qua cac khi axit CO,, SO, va NOy
nh¢ chira nhiéu oxit kiém va kiém thé hoat tinh
(Na;0, Ca0, Fe,03). Cac phan &ng cacbonat hoéa,
sulfat héa va nitrat h6a khong chi trung hoa kiém
ma con cd dinh khi thai thanh cic muéi 6n dinh
nhu CaCO3, CaSO,, NaNOz. Két qua thuc nghiém
téng hop tlr cic nghién cru cho thiy: hiéu suit
hip phu trung binh CO, dat 5+20 g/kg, SO, dat
150+220 g/kg, va NOy dat 50+90 g/kg.

Véi 1,2+1,3 triéu tdn bun d6/nam, cac nha
may alumin Viét Nam c6 thé hap phu hoan toan
S0, va NO,, dong thoi c6 dinh khodng 6% lwong
CO; phat thai hang ndm. Pong thoi bun dé sau
trung hoa mé ra nhiéu hwéng tai ché, gép phan
hinh thanh chudi kinh té tuAn hoan trong san xuit
nhom.

Trong boi canh Viét Nam cam két dat phat
thai rong bang “0” vao nam 2050, viéc tAn dung
bun dé dé xi ly khi thai 1a mot gidi phdp xanh,
mang tinh kha thi va c6 y nghia chién lwgc d6i voi
nganh cong nghiép alumin.

P& hwdng téi rng dung thure té, cin tip trung
cac nghién ctiru sdu hon vé déng hoc hip phuy, co
ché @éng hap phu C0,-S0,-NO;, quy trinh tai sinh
bun d6 va danh gia tinh 6n dinh ctia sdn pham sau
phan tng. Viéc sém lam chu va trién khai céng
nghé nay sé giip nganh alumin Viét Nam vira giam
phét thai, vira tin dung chAt thai ran, gép phan
thwc hién muc tiéu phat trién bén virng va nén
kinh té carbon thap cua qudc gia.

Pong gop cua tac gia

Pham Van Luin - phwong phap lun, viét ban thao

bai bao, thu thip, phan tich va x 1y s6 liéu, viét

nhan xét, hidu dinh bai bao; Lé Viét Ha - thu thap

tai liéu tdng quan, kiém chirng va hiéu dinh ban

thao; Trinh Dinh Tuyén va Nguyén Van Nhuong -

thu thap va viét ban thao vé s6 liéu thuc té tai cong

ty Nhom Dk Nong va LAm Dong.
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