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Bun dé l1a chit théi trong qua trinh san xuit alumina (nhc‘)m oxyt) tir quang bo xit. Trong bai bdo nay, tac
gid so lwgce mot s0 phuwong phap xir ly duge irng dung g odn diy vao viéc tai sir dung bun do cho nganh cong
nghiép vit liéu xay dung va dé nghi mot quy trinh xir 1y bun dé bang phuong phip geopolymer. Két qua
thye nghiém bude déu cho thiy tinh kha thi ctia viée xir Iy bun dé két hep véi tro bay va dung dich hoat
tinh kiém tao thanh xi ming geopolymer, tir do sir dung no dé ché tao bé tong va san xuit vat liéu xay dung

khong nung.

Tiv khoa: bun do, tro bay, xi mang geopolyme.

Chi s6 phén loai 2.5

The experimental results of
treating red sludge
by geopolymer technology

Summary

Red sludge is a waste product
generated in the production process
of alumina from bauxite ore. In this
report, the author outlines some
treatment methods recently applied
to the re-use of red mud for the
construction industry and proposes
a treatment process of red mud by
using of geopolymer. The initial
experimental results indicated the
feasibility of treating red mud and fly
ash combined with an alkali-activated
solution to form geopolymer cement
which is used to manufacture concrete
and unburned building materials.
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Gioi thiéu

Bun do 1a chét thai trong qua trinh san xuAt alumina (nhom
Oxyt) tir quang bo xit. Quzi trinh san xuat alumina thyc chat 1a qua
trinh lam g1au ALQ., nham tach luong Al ,O, trong bo xit ra khoi
cac hop chét khac. Hién nay khoang 90% alumma trén thé gidi

duoc san xut bang cong nghé Bayer (sang ché cua Bayer - 1888),
day la cong nghé thuy luyén.

Quy trinh ndy bao gdm cac khau: nghién quing bo xit, tron véi
s0 da, nung ¢ nhiét do va ap suét thich hop. Oxyt nhém bi phan
giai bang s6 da, roi két tia, ria va nung dé tach nude ra. Thanh
pham la chit bot mau tr'fmg min hon mudi an, d6 12 alumina. Phin
dung dich loai bo c6 mau do, chira 20-40% luong chat ran khong
tan, d6 la bun d6. Binh quan dé san xut 1 tan alumina can 2-2,5
tin bo xit nguyén li¢u va thai ra 1-1,5 tan can trong 4-8 tén bim co
tinh kiém. Mirc dd sinh ra bun do khi san xuat alumina phu thude
vao nguén géc va thanh phén cua bo xit. Vi du, bd xit & Surinam:
san xudt ra 1 tAn alumina thi co 0.33 tin bun do: bd xit & Jamaica
sdn xuit ra 1 tin alumina co 1 tAn bun do: bo xit & Arkanas san
xuét mi tan alumina thi c6 2 tAn bin do [1].

Viée xur 1y loai bo biin do 1a mot van dé quan trong ddi véi moi
truong vi c¢6 hai ly do chinh: mét la ¢6 doc tinh do pH cao, hai
1a khoi lugng chét thai ra rat 16m - ¢ mdi tan alumina san xuét
ra déng nghia véi viée thai ra moi truong 1 tan cin va 4 tan bun.
Téc dong clia mdi truong tir viée xi 1y bun do c6 thé din téi su 6
nhiém tang nudc ngdm hay anh huéng dén ngudn nude sinh hoat,
anh huong dén dét canh tac va tham thyc vt xung quanh khu vuc
khai théc va nhimg noi thap hon.

Véi muce tiéu gop phan xu ly bun do, nhiéu nghién ciru (ing
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dung ctia cac tac gia di truéc da dugc thyc hién, defl,c
biét trong cong nghiép vat liéu xé)’f dung: nhu san xuat
gach, lam chit don trong san xuat xi ming, sir 'dl_mg
bun d6 nhu 12 mdt vt liéu co tinh puzoland, chat tao
mau, chit don cho bé téng va nhitng Umg dung khac.

St dung bun do dé san xuft gach 1a mot phuong
phap don gian va kinh té [2]. Bun d6 trdn v6i mot
luong dét sét va tro bay, dugc duc ép, sau d6 dem nung
& nhiét @6 1000-1100°C thi c6 d6 khang nén kha cao
(40-70 Mpa). Do dic trung vé mau (d0) va ty trong
(nhe) cua nhitng vién gach‘ nay nén rat thich hop cho
xay dung nhitng nha cao tang [2], Trn voi, xi mér}g,
chét d6n vao bun do rdi dtic ép thanh gach, san phiam
dat cudng d6 khang nén cao nhét 13 26,32 Mpa [3].

C6 2 huéng sir dung bin d6 vao sin xuét xi ming:
hodc tron bun d6 vao xi méng portland thong thudng
nhu ngubn nguyén lidu oxyt sat va nhém; hodc pha}
tron trong xi mang dic biét. Viéc §L’t dung b}‘m do @é
lam phu gia cho xi mang nh}r ngudn cung 9ép Fe 0O,
nhung ciing phén nao han ché do nhimg vi cau tric cia
clinker [1, 4]. Trong mt s6 trudng hop, bin d6 ciing
duoc d& xudt 1am nguyén liéu thé cho sén xuat xi mang
ferrari [5]. Tron bun do va silica} theo ty 1€ 1:1 véi voi,
nung 3 14n & nhiét d 1450°C d€ dugc xi ming ferrari.
Cuong do khang nén cia bé tong lam tir xi méng nay
sau 3; 7; 14 va 28 ngay lan luot 12 7,4; 13; 15 va 29
Mpa.

Giai phép hiru hiéu 1a hén hop tro bay, xi ming
portland va bun d6 theo ty 1€ twong img 25:25:50 lam
tang do cing 1én 27 Mpa trong 7 ngay [1].

Mau do caa bun duoc tao nén do c6 chira oxyt sét
va oxyt titan. Sir dyng bun d6 nhu cyét tao mau cho
gach, hay dé tao nhing hiéu img kien tric ddc biét.
Nhiéu quy trinh ché bién lam noi bat hodc thay doi
mau co ban cta bun do6 dua trén sy thay doi hoa hoc
bang cach kiém soat 6 pH hay pha tron véi cac oxyt
khac [5]. Bun d6 chita nuéc dugc trén voi 6xy:( sat
vang va hén hop nay dugc trén vao xi ming dé tao
mau cho bé tong hodc gach [6].

Ngoai ra, bun dé con duoc sir dung véi nhiéu vai Erc‘)
khac nhur: thay thé cho cbt liéu trong bé tong, san phém
c6 dd 6n dinh tdt hon bé tong tiéu chuén trong nhimg
diéu kién xéc dinh [7]; bun d6 c6 the lién ket véi mot
tac nhan giam nudc (phu gia siéu déo), khi ket hop vai
tro bay s€ lam ting cudng do khang nén cho bé tong

\ggéé"g&\/@ Nam 5(6) 6.2016

[8]; bun d6 hodc vita bun do cé thé duge ng dung dé
san xuét nhitng cdt liéu nhe dung dé san xuat bé tong
nhe [9-11].

Nhimg nim gin déy, véi sy phat trién cla cong
nghé chét két dinh geopolymer, cac nghién ciru ng
dung bin d6 ngay cang nhidu [11, 12].

TUr nhitng kha niing (mg dung chét thai bun do néu
trén, nhin chung phén nio giai quyét dugc vén dé bic
xac: & nhiém méi trudng, xir Iy chit thai rén, nhung
khéng triét d€ bsi nhimg 1y do sau: 1) xir Iy pH cia
bin d6 dén mirc sit dung duoc thi ton kém, chi phi
cao, khong kinh té; 2) luong thai bun d6 qua nhidu,
khong .thé sir dung hét néu chi don thudn sin xuit 1
san pham duy nhét phuc vu xdy dung (gach, bé tdng,
bot mau....); 3) mt sé quy trinh doi héi phai qua nung
& nhiét 4o cao,'déu tu tén kém, nhung lai giy 6 nhiém
(vi qua trinh dot s& thai khj CO,).

Do nhu ciu sin xuit 16n, nén chét thai dua ra moi
truong ngay cang x}hiéu. Vin dé cép bach dat rala viéc
tai sir dung céc chf‘it thai va x4y dyng mot hé thdng xir
ly pht‘x’ hop, kinh té. Trong bai bao nay tac gia téng hop
mot sO phuong phép xir 1y duoc ing dung gan ddy vao
Vl,éc tai sir dung bun d6 cho nganh cong nghiép vat lidu
xay dung va dé nghi mot quy trinh x{r Iy bun dé nira
khép kin dua vao cong nghé

hep ki ' geopolymer gin trong quy
trinh san xuat alumina theo

phuong phap Bayer.
Vat liéu nghién ciju
B6 xit bao gdm chy
nhém nhu gibsite (Al
diaspore (HAlOz), cact
cac khoang aluminyum
titan, Oxyt sét. Ty 1é ¢
thanh phan b6 xit.

yéu la cac khoang hydroxyt
OH)3), boehmite (AIO(OH)),
ap chat can cua b xit bao gdém
silicate (khoang sét), cac oxyt
ac tap chét nay khic nhau do

guon gdc tram tich tip trung & cac

tinh phia Bic nhu Ha Gjap 3 ,
. g, Cao Bing, L <
Giang, Son La, Ngh¢ Ap v 8 Lang Son, Bic

i on La, | 2 b6 xit ngudn gbc phon

Eﬁi llztente tr da bazan tap trung & cac tinhgphiall3 Narﬁ

K onl]) }11“}1m,A Déc Néng, Lam Déng, Ddng Nai, Binh
g, Phi Yén, Quang Ngsi (13, 14).
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Bing 1: thanh phan héa hoc (%) ciia biin do ¢ mét s6 mede trén thé gici [1]

Fe0, | ALO, | TiO, | Na,0 | SiO, | CaO | LOI'
Phip 40-43 18 5 8 12-14 | 6-11 0
Nhjt 49 19 9 3 9,14 2,5 8,5
My 41,6 | 1640 55 6.8 1,3 6,7
Uc 32,82 | 2529 8,68 16,77 | 16,77 | 2,1 7,66
Brazil 437 | 16,74 4 98 98
Jamaica 53,8 | 1033 | 858 8,25 8,25
ViitNam | 5323 | 2585 | 681 9,52 491 | 059 | 11,35

LOI': mdt khi nung

V& khoang hoc, bun dé chira nhitng thanh phin
gf?m nhu bd xit nhu anatase, boehmite, canxite, gibsite',
hematite, goethite, calcium ferrite, kaolinite va mét s6
khoang khac sinh ra tir qua trinh thity luyén, duoc chia
lam 3 nhom:

1) “NAS”: 3(Na,0 ALO,2Si0,)Na,X

Trong d6 X la: CO,> 20H,, SO,%, 2CI.

2) “CAS-CFS™ 3CaO(Fe,0,), (ALO,), kSiO,
(6-2k)H,0.

3) “NT-CT”:Na,Ti,0,. 3H,0, Kassite, perovskite,
portlandite.

Buin dé c6 thanh phén cac dxyt nhur & bang 1. Trong
thanh phin % cac oxyt ciia bun dé con chira mdt lugng
ding ké ALO, (tir 10-25%) va Fe,0, (32-53%). Sau
khi duoc loc tach phé‘m ran khong tan dang vira nhdo,
dung djch chira bun do c6 do pH 11-12. Kich thudc hat
duong kinh d<13,25 pm chiém 68%, d tir 13,25-51,47
Hm chiém 28,2% va d>51,47 pm chiém 3,3% [8, 5).
Nhin chung kich thuéc hat ban d6 twong duong véi
kich thugc hat xi mang. Thanh phéan héa hoc va co gidi
clia bun do thuén lgi cho qu trinh polymer hoa theo co
ché geopolymer vi: méi trudng pH cao (pH = 11-12)
phu hgp véi mdi truong trong quy trinh déng rin theo
co ché geopolymer; kich thudc hat kha min, thuan loi
cho phan Ging thity nhiét dé hinh thanh nhimg pha v6
dinh hinh.

Trong quy trinh san xudt alumina theo cong ngh¢
Bayer, thuong két hop v6i mot nha mdy nhiét dién daé
cung cip cho qué trinh thuy luyén. Qua trinh dbt s&
thai ra mot lugng tro bay va xi. Pay la nguyén liéu
Quan trong dugc tai sir dung trong quy trinh xu 1y bun
do.

Tro bay duoc sir dung trong thi nghiém co6 thanh
Phén cac xyt thé hién trong bang 2.
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Bang 2: phan tram cdc thanh phan ctia tro bay

50, [0, [Feo, [0 [ N0 KO [TO, | Mg [Ro

1%

§0

3

Lol

4391 992 1028 [ 259 | 046 [ 055 | 132 | 19| 14 [ oi2 |29

Dung dich hoat tinh kiém sir dung trong thi nghiém
1a dung dich sodium silicate v&i modul silic (ty 1é s6
mol Si0,/Na,0) 1a MR = 1,8.

Diét tap 1a 16p phi bé mit c6 ham luong sét gin
20%, con lai 1a thanh phan cat hat thd déng vai trd cot
liéu thém vao.

Két qua va thao luan

Phuong phép quang phé nguyén tir ding dé xac
dinh thanh phan cic 6xyt kim loai cia méu nguyén
liéu. O day duoge xac dinh bang may quang ph Plasma
ICP-EOS, Optima 2100, Perkin Elmer.

Geopolymer la phuong phap tdng hop nén loai vét
liéu mm [15]. Ban chét co ban cua né 1a mot polymer
vo co, tong hop tir cac aluminosilicate, c6 xuong 14 cac
nguyén t& Si-O-Al. Ban chét la phan ung thuy nhiét,
Xay ra trong mdi trudng cuc klem, 6 nhiét 36 nho hon
100°C. Nhitng polymer co ban dya trén nhimg silicate
nhdém 1a poly(sialate). Khung sialate bao gom nhitng
tr dién SiO, va AlO, duoc ndi xen kep véi nhau béng
cac nguyén tir 6xy. Nhimg ion dwong (Na*, K*, Li*,
Ca%, Ba®*, NH, 4> H,07) hién dién trong cac héc cua
khung d can bang dlen tich cua AP

Cong thirc kinh nghiém cia poly(sialate):
(M), {-(Si0,),-Al0,} , wH,O

Trong d6: M 1a céc cation kim loai kiém hay kiém
thé; n: mirc dd polyme hod; z, w: 1, 2, 3.

Co ché phan (g duoc minh hoa theo cac phuong
trinh sau:
KOH NaOH )
(Si,05.A102)n + nH,0 — n(OH); -Si-0-Al-(OH),

KOH NaOH &
n(OH);-Si -O- Al-(OH); - Na,K)(- gi-O-Alf-O-)n + 30H,0

(o] (o]
orthosialate (Na.K)-poly(sialate)

KOH,N2OH
(Si;05.A1,0,)n +nSi0, + nH,0 — n(OH)s'Sl'O'Ail'O'Sl'(OH)s

(OH),
H.NaOH ol |
n(OH);-Sx-O-All-O-S:-(OH)3 — (Na, K)(-Sl-O-Al O-ISI 0O-)n +nH,0

(OH), 0 o

ortho(sialate-siloxo) (Na.K)-poly(sialate-silexo)

Qué trinh déng rén cua mot geopolymer dua trén
nhitng phan ng nay.
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G day, bun d6 va tro xi va dung dich hoat tinh kiém
13 nhimg ngudn nguyén liéu chinh dé tong hop nén
mot geopolymer. Dy 14 san pham ket qua cia mot qua
trinh durgc d& nghi theo mdt quy trinh nira khép kin
nhu so @6 1.

Nhigt di¢a B xit Voi

o= |

So db 1: quy trinh xut Iy bin do gdn trong quy trinh sdn xudt alumina

M3u dugc phéi tron theo ty 1§ 3:3:1 giira 3 thanh
phan tro bay, biin d5 va dung dich hoat tinh kiém dé
ché tao xi ming geopolymer. Hon hop nz‘}y dl;qc tron
d?u trong 5 phut. Sau d6 thém vao mét phan cot liu 1a
mat d4 hodic dat sét tap, dé ché tao bé tong geopolymer.

Phin trim timg thanh phén dé ché tao bé tong
geopolymer dugc trinh bay ¢ bang 3. Hon hop trong
khi trén c6 thém nudc vao dé dat do am 18%. Sau khi
phéi tron, hén hop duge nén dé tao hinh theo khuon
5x5x5cmva5x5x 20 cm. Tong cong c6 2 nhom
mau bé tong geopolymer: mdt nhom c6 cot liéu 1a da
mat (BX02), nhém con lai cdt ligu thém vao 13 dat tap
(BXO01). Trong mdi nhém, gia cong 3 t6 mau, moi td
gdm 5 miu dé kiém tra cac chi tiéu co Iy.

Bing 3: ty I¢ phdi trén cdc thanh phan (*»)

hi . Dung ieh
KW\ foby | Bds |Mwa | B | g | CHOM,
map
BXOL | ®% | ®3 | 0 | BB 10 2
B | 98 | »3 | ®8 | 0 10 2

Sau khi thio khuén, mAu duoc say & nhiét d6 100°C
trong 8 gid va dé & nhiét do phong dén 28 ngay tudi.
Sau d6 tién hanh kiém tra cuong d6 khéng nén, khang
ubn va d6 hit nudc cac tiéu chuan quy dinh. Keét qua
thir nghiém vé cuong do khang nén, cudng do khang
ubn va do hat nuéc cua cac mu duge tong hop trong
bang 4 véi gia tri trung binh.

Badng 4: két qud thie nghiém vé cdc ddc tinh co ly cua mau

Kfhigomiu | Cuimgdjkhingnén | Cuingdjkhingudn | D hit nuse
(kg/em?) (kg/em?) (%)
BX01 150 45 16
BX02 256 40 8

TAP CHi

Eono o it o s 2202

Két qua trén cho thiy, méu thir 1am tir bun d6 dya
vao chit két dinh geopolymer c6 thém cdt liéu mat d4
co co tinh dat tiéu chuin TCVN 6477-2011 ap dung
cho gach bé tdng. MAu thir ¢6 cbt lidu thém vao 14 dat
tap c6 cuong d6 khang nén thép ‘hon va d¢ hit nude
cao, nhumg cudng d6 khang udn cao hon miu cé cbt
liéu mat da.

Qua két qua thi nghiém cho théy, c6 thé tdng hop xi
méng geopolymer tir 3 thanh phin bun do, tro bay va
dung dich hoat tinh kiém c6 MR 1,8 theo ty 1& % khéi
lugng 14 bun do: tro bay: kiém = 3:3:1. Tir d6, c6 thé
sir dung S:hﬁr!g nhu mot loai xi ming dé két dinh cac
thanh phan c6t liéu tro.

Két luan

Viéc xtr ly bun do6 bing cong nghé geopolymer theo
mot quy trinh két hop trong qua trinh khai thac alumina
12 kha thi. San phim chu yéu 1a xi mang geopolymer
phuc vu cho cong nghiép san xuit vat liéu xay dung
khong nung. Xi miang geopolymer dugc tong hop
tl‘:‘3 thanh phén bun do, tro bay, dung dich hoat tinh
kiém theo ty 1& twong Ung 3:3:1 img dung 1am bé tong
geopolymer, san phim c6 mdt s dic tinh co ly phu
hop véi yéu cau cho vat licu xdy khong nung.

“Viéf: X.l’l' 1y két hop nhu thé ¢ ¥y nghia quan trong
40i v6i viée bao v& méi trudmg. Tuy nhién, day chi 13
ket qua budc dau, can diu tr nghién ciy k¥ hon vé cac
déc tinh ctia san pham xit 1y nhur xi mang geopolymer
vat liéu xdy dung san xuét tir xi mang ndy va nhfrng,
yéu to tac dong moi truong lién quan trong qua trinh
Xir 1y € c6 duoc két qua nhu mong muén,
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