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Bai nghién ctru

Nghién ctru xtr ly déng ran bun dé thai ciia nha may ché bién alumina
bang cong nghé polyme vo co trén co’ s hon hop cao lanh va tro bay
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Abstract

In this paper, the treatment of red mud from TanRai (Lam Dong) alumina-plant was studied by the solidification
with alkali activated kaolin and fly ash mixture. Several factors such as red mud/fly ash ratio, alkaline activators, curing
time, curing temperature, which can affect on the properties of prepared materials, were investigated. The mixture of
NaOH and Ca(OH), was found to be suitable activator for solidification treatment of red mud by geopolymerization
method. The geopolymeric material, which was prepared with the conditions of 150 g kaolin, 75 g fly ash, 75 g red
mud, 8 M NaOH, 45 g Ca(OH),, curing temperature of 60 °C for the first 24 hours of curing time, shows the highest
compressive strength of 19.7 MPa after 28 days. The heavy metals leaching test of the geopolymeric materials show
that the red mud-containing materials have no secondary pollution effects on the environment. The geopolymeric
materials prepared are promising for using as building materials.

Keywords. Geopolymer, Red mud, Kaolin, Fly ash.

1. MO PAU

Trén thé gioi n6i chung, nganh coéng nghiép khai
khoang da va dang dong vai tro quan trong trong sy
phat trién kinh té. Tuy nhién, khai thac khoang
san ciing 12 nganh san xuét tac doéng lon dén moi
truong. Pién hinh nhu dé san xuat ra 1 tin alumina
(nguyén li¢u dé san xuat nhém) tir quang bauxit
bang phuong phap Bayer sé& thai ra khoang 1,3-1,5
tan bun thai (bun d0).! Hang nam, luong bun do
thai ra trén thé gi6i 1a rat 16n, 18n t6i 82 triéu tan.[3
Tai Viét Nam, nha may alumin Tan Rai (Lam Dong)
ciing thai ra ¢& 1,5 triéu tin bun do/nim. BUn thai
nay c6 do pH rat cao tir 11-13,2 (do sir dung xut dé
ché bién bauxit) va chinh 13 tic nhan gay nguy co 0
nhiém méi truong nhu: i) 6 nhiém nguén nudc ngam
va nuéc mit do co chira kiém va céc tap chat kim
loai nang; ii) tac dong truc tiép téi tham dong, thuc
vat:Pl iii) nguy co gy anh huong va khé cé thé khic
phuc trén dién rong, nhu sy ¢d bun do & Ajka
(Hungary) nam 2010.571 Chinh vi vay, viéc nghién
ctru xtr ly, bién tinh bun d6 da va dang duoc céc nha
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khoa hoc trén thé gigi quan tam nghién ciru: 1am vat
licu hap phu xi 1y méi truong,®9 téng hop
zeolite,[1%11 |am chat xuc tac trong qué trinh héa
hoc, 2131 |am vat liéu xay dung.[>1425]

Polyme v6 co (con goi la geopolyme) la hop
chit aluminosilicat & dang tir v6 dinh hinh dén mang
luGi ban tinh thé khong gian 3 chiéu.['® Mang luéi
céu triic clia polyme v6 co dya trén co sé ngung tu
lién két cac t dién 8104] va [AlO,] tao thanh tir sy
hoat hoa klem ngudn tién chét aluminosilicat. 3 loai
don vi céu trac lién két thuong thiy trong polyme
vo co la poly(sialate) (-Si-O-Al-), poly(sialite-
siloxo) (-Si-O-Al-O-Si-), va poly(sialate-disiloxo)
(-Si-O-Al-0-Si-0-Si-). Cong thiac chung cua
geopolyme la M,[(SiO;)z-AlOz]n. Trong do, z la ti
1¢ Si/Al nam trong khoang tir 1-3; n 1a muc do
polyme héa. Cac chat kiém hoat hoa thuong duoc
dung 1a NaOH, Na;SiOs. Qua trinh hoat hoa kiém
cho vat li€u aluminosilicat 1a mdt qua trinh phirc tap
va cho dén nay van con chua dwoc mé ta rd rang.
Thuong thi qua trinh polyme hoa c6 thé duge chia
thanh cac budc chinh nhu sau: (i) hoa tan phin tir
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chira nguyén tir Si va Al trong nguyén li¢u nho cac
ion hidroxit trong dung dich; (ii) dinh hudng lai cac
ion trong dung dich tao thanh cac monomer; (iii)
ngung tu cic monome thanh céc ciu triic polyme vo
co. Sau khi dugc polyme hoa, vat li€u tré thanh dang
dong ran véi cac tinh chat co 1y, hoa thay doi phu
thuoc vao nhidu yéu to anh huéng dén quéa trinh
polyme héa nay va ban than ct liéu. Cac polyme vd
co hinh thanh c6 kha ning gitp cliing hoa cac vit
liéu b roi theo co ché két dinh va bao boc cac hat
vat liéu voi nhau bang cac lién két hoa hoc xay ra
trong qué trinh geopolyme héa va & diéu kién nhiét
d6 thuong. Hop chét polyme vo co thu duoc c6 kha
ning str dung lam vat liéu xay dyng ma khéng can
qua giai doan nung ton nhiéu ning luong.

Trong nghién ctru nay, chung t6i nghién ciru xu
ly dong rin bun do thai cia nha may san xuat
alumnia Tan Rai (Lam Dong) bang phwong phép
geopolyme sir dung hon hop cao lanh va tro bay lam
chait két dinh cung cip ngudn tién chat
aluminosilicat dinh hudng lam vat liéu xay dung
khong nung.

2. THUC NGHIEM
2.1. Nguyén li¢u, héa chit

Bun d0 cuc lay tir bdi thai ciia nha may san xut
alumin Tan Rai (Lam Ddng) duoc nghién nho va ray
liy kich thudc hat < 90 um. Cao lanh dugc sir dung
trong nghién ctru 1a cao lanh Trac Thon (Chi Linh,
Hai Duong) ¢ dang bot min. Tro bay duoc 1y tai
nha may nhiét dién Pha Lai II. Cac nguyén liéu déu
duogc siy kho & 105 °C trong 24h trude khi tién hanh
thi nghiém. Cac chit hoat héa kiém sir dung trong
nghién ciru 1a NaOH dang hat (Trung Qudc 98 %),
Ca(OH), dang bot min (Trung Qudc, 99 %), thuy
tinh 16ng (Trung Qudc, NazSiOs 40 %).

2.2. Xir ly dong rin bun d6 theo phwong phap
polyme v6 co va dac trung mdt so tinh chat,
thong so chat lwgng

Céc thanh phan phdi liéu sau khi can theo cac ti 1¢
khdi lugng cao lanh: tro bay: bun dé xac dinh dugc
lac, tron déu voi nhau r6i cho tir tir dung dich kiém
hoat hoa khac nhau NaOH hoac NaOH + Ca(OH):
véi cac nong do/ham lwong khéc nhau ciia NaOH tir
4M+12M va Ca(OH), tir 15-75 g vao hdn hop rdi
tron, nhao hdn hgp do trong 15 phat. Ti 1& khoi
luong chat 1ong/ran dwoc giit nguyén khong doi 1a
0,46. Hon hop sau d6 dugce dua vao khudn tao hinh
mau vat liéu ¢ kich thudc 40x40x40 (mm). Cac
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khuoén nay duoc dua vao 10 séy & nhiét @6 60 °C
trong vong 24h. Sau d6, cac mau duogc thao khuon
va dudng & nhiét dd phong cho dén khi duoc dem do
cuong do chiu nén (3 ngay, 7 ngay, 14 ngay hoac 28
ngay). N

Cuong do chiu nén cia mau vt li¢u polyme vo
co duoc do bang miy Advantest 9 Controls Model
50- C9030 véi toe do gia tai 500 kN/gidy. Cuong do
chiu nén (MPa) R = F/A,; trong do: F: 1a lyc nén khi
mau bi pha hiy (N), A: 1a gia tri trung binh cong
dién tich hai mit chiu nén (mm?).

CAu truc pha tinh thé cia mau nguyén liéu dugc
do bang phuong phap nhidu xa tia X (XRD) trén
may D8 Advance- Brucker cua Puc (anot Cu, A =
1,504 A). Hinh thai hoc ciia mau dugc dic trung
bang phuong phap chup anh hién vi dién tir quét
(SEM) trén may model Quanta 450 (FEI — M¥).

Panh gia d6 thoi cia mot s6 kim loai ning, mau
vat liéu sau dong rin va dudng 28 ngay dugc dem
ngam trong nuéc mua nhan tao. Dung dich nudc sau
d6 dugc loc qua gidy bang xanh va phén tich d6 thoi
mot s6 kim loai ning dugc do trén may Thermo
Scientific™ iCAP™ TQ ICP-MS.

3. KET QUA VA THAO LUAN
3.1. Tinh chit ciha nguyén vat liéu

Két qua phan tich thanh phan héa hoc cac miu bun
d6, cao lanh, tro bay trong bang 1 cho thiy: bun d6
c¢6 ham lugng sit oxit chiém phan 16n (~48 %), ham
lugng nhom oxit va silic oxit chiém lan luot 1a ~16
% Vva 6 %; cao lanh c6 ham luong silic oxit chiém ti
1é cao nhit trong mau (~48.,8 %), ham luong nhém
oxit cao thir hai (chiém ~35 %). Thanh phan silic va
nhdm cao trong cao lanh chinh 12 ngudn chat két
dinh cho qua trinh déng ran. Tro Pha Lai II ¢6 ti 18
Si/Al cao (ham lugng silic oxit ~41 %, nhdom oxit
~18 %) s& cuing cao lanh trong hdn hop phéi liéu dau
dong vai trd quan trong cho qua trinh xir 1y déng ran
bun dé theo cong nghé geopolyme.

Anh SEM trén hinh 1 cho thiy bun do ¢ kich
thudc hat nho két dam véi cac hinh dang khac nhau.
Cao lanh ciing 1a cac dam cé kich thudc cac hat tur
khoang 2-23 pm. Hinh thai hoc cta tro bay Pha Lai
1 1a nhimg hat hinh khdi cau c6 kich thugc tir 1-18
um.

3.2. Xir Iy déng rin bun dé bang chat két dinh
trén co sé hén hép cao lanh va tro bay

3.2.1. Anh hudng cia ti 1é thanh phan chdt két dinh
cao lanh/tro bay
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Nghién ciru xir Iy déng ran...

BdngI: Thanh phan hoa hoc ciia nguyén liéu bun do, cao lanh, tro bay theo phuong phap XRF

Thanh phan (% khdi lugng)

Nguyén
ligu Si0;  AlLO3; Fe0O3 TiO; MnO Na,O KO CaO MgO £ LQI
(mat khi nung)
Bun do 6,01 16,16 48,29 6,44 0,08 427 009 335 013 14,30
Caolanh 4885 3545 064 0,03 0,18 005 147 0,06 0,04 12,98
Trobay 40,87 1844 644 0,77 0,06 020 332 118 1,22 26,27

Hinh 1: Anh SEM cua cac nguyén liéu bun do (a), cao lanh (b), tro bay (c).

Ti 18 cao lanh/tro bay thay d6i s& dan t6i ti 1&
nhom va silic hoa tan cho qua trinh geopolyme héa
thay doi, tir 46 kha ning dong rin xir Iy bun do6 cling
khéc nhau. Thi nghiém dugc tién hanh véi diéu kién:
chat hoat hoa kiém NaOH 6 M, 45 g Ca(OH),, 75 g
bun do, ham lugng cao lanh va tro bay thay doi tir
225/0-75/150 (g/g), sdy & 60 °C trong 24 h va tiép
tuc dudng & nhiét do phong.

Bdng 2: Anh huéng cia ti 18 cao lanh/tro bay dén
cuong do chiu nén cua vat li€u

bay (9/9) 7ngay ldngay 28 ngay
225/0 9,17 10,23 13,11

187,5/37,5 9,62 11,54 13,36
150/75 13,62 15,36 16,10
75/150 12,18 12,78 13,36

Két qua trén bang 2 cho thay cudng do chiu nén
clia cac vat liéu ché tao duoc tang theo thoi gian
dudng. V&i mau chi ¢6 cao lanh ma khong cé tro
bay thi cuong do chiu nén cao nhit sau 28 ngay la
13,1 MPa. Cuong d0 chiu nén cua vat li€u sau dong
rin ting 1én khi c6 mat thanh phan tro bay. Khi ti 18
cao lanh/tro bay 1a 150/75 thi cuong do chiu nén cia
vat liéu dat cao nhit (dat t6i 16,1 MPa). Diéu nay cé
thé duogc giai thich ring khi bd sung tro bay thay thé
ham luong cao lanh thi ti 1¢ ham luong Si/Al trong
trong thanh phan phdi liéu ting 1én. Tir d6 co thé
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lam tang ham luong silic hoa tan trong hdn hop —
thanh phin quan trong trong qua trinh geopolyme
hoa, lam ting do két dinh va lién két giira cac hat,
ddng nghia voi viée ting do bén chic cua vat licu
nén cuong do chiu nén cua vat li€u cao hon. Khi
tang ham lugng tro bay qua ti 1€ cao lanh/tro bay =
150/75 thi cudng do chiu nén cua vat li¢u lai giam
xudng. Nhu vay, ti 1& cao lanh/tro bay = 150/75 1a ti
1€ thich hgp va duoc ching t61 sit dung cho nghién
ctru tiép theo.

3.2.2. Anh huéng ciia chdt hoat héa kiém
a) Chdt hoat héa kiém la NaOH

Thanh phén nguyén liéu bao gom: 150 g cao lanh,
75 g tro bay, 75 g bun do duoc tron vai chit kiém
hoat hoa NaOH véi cac nong do khac nhau tir 4- 12
M, ti 1€ ham lugng nude/chat rén 1a 0,37 duoc dong
khudn va sdy & 60 °C trong 24 h dau tién, sau d6
dugc dudng ¢ nhiét d6 phong. Két qua khao sat
cuong d6 chiu nén cua cac vat liéu trén hinh 2 cho
thdy: Khi ting ham luong chat hoat hoa kiém NaOH
ttr 4-8 M thi cuong do chiu nén ctia cac mau vat lidu
cling tang 1én. Tuy nhién, néu ham luong NaOH
tang qua 8 M thi cuong do chiu nén cta cac mau vat
liu geopolyme lai giam xudng. Cudng do chiu nén
ctia vit lidu dat cao nhét la 12,5 MPa voi néng do
dung dich kiém hoat hoa NaOH 1a 8 M. Khi nong do
chét hoat hoa c6 ndng d6 4 M cho két qua cuong do
chiu nén rét thép, chi dat ¢c& 2 MPa. Khi néng do
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NaOH 16n hon 5 M - trong thi nghi€ém khao sat nay
a6 M, 8 M va 10 M - thi cuong d6 chiu nén cua cac
vat lidu ting dang ké, tir 350-460 % so voi khi nong
do NaOH 1a 4 M.
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Hinh 2: Cuong d6 chiu nén cta vat liéu polyme vo
co ché tao dugc véi chit kiém hoat hoa 1a NaOH &

cac nong d6 khac nhau

Diéu nay hoan toan phu hop voi cac két qua
nghién cuu cua Maria Luz Granizo va ciac cdng
sw.l71 C6 thé thay ndng d6 NaOH ting, lam cho san
pham geopolyme phan tng manh hon, tao ra nhiéu
san pham lién két bén viing hon. Néu ham lugng
chat hoat hoa kiém NaOH c6 n@)ng d6 nho hon 5M
thi s& khong hoat hoa dugc nhiéu thanh phén Al, Si
dé tham gia vao qua trinh geopolyme hoa, dan dén
cuong do chiu nén cua vat liéu geopolyme rat thap.

(d)

(e)

H[nh 3: Anh vat liéu geopolyme ché tao duoc véi

chat hoat hoa kiem NaOH nong d6 khac nhau: 4 M
(@), 6 M (b), 8 M (c), 10 M (d), 12 M (e)

Céac anh chup mau vat liéu duoc ché tao véi céc
ham luong chit hoat hoa kiém NaOH khac nhau va
mau dugc dudng & diéu kién nhiét do phong. Co thé
thay cadc mau trén co hlen twgng moc trang xung
quanh khéi vat liéu. Diéu nay c6 thé giai thich nhu
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sau: do trong cidc mau vat liéu c6 lugng kiém du,
chung phan tng vdi CO; c6 mat trong khong khi tao
ra mudi carbonate - c6 mau tring nhu quan sat. Dy
dugc coi 1a hién tuong carbonate hoda trén bé mat
tiép xuc véi khong khi cua vat lieu. Nhu vay, NaOH
c6 thé sur dung lam chét kiém hoat héa cho qué trinh
xtr Iy dong ran bun do tao thanh vat lidu geopolyme
c6 cuong d6 chiu nén twong dbi tot (~13 MPa). Tuy
nhién, dé ting cuong do chiu nén va khic phuc hi¢n
tuong carbonate traing bé mat cua vat lidu thi can
phai dugc tiép tuc nghién ctru.

b) Chat hoat héa kiém la hon hop NaOH + Ca(OH),

Thanh phan nguyén liéu nhu sau: 150 g cao lanh, 75
g tro bay, 75 g bun do6 dugc tron voi chit kiém hoat
hoa 1a hon hop NaOH + Ca(OH); véi ndng do
NaOH la 8M va ham lugng Ca(OH), tir 15-75 g
(duoc dit ki hidu 1an luot 1a XV1 - XV5) duoc dong
khuén va sdy & 60 °C trong 24 h dau tién, sau do
duoc dudng ¢ nhiét d phong.
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Hinh 4: Cuong do chiu nén cua vat liéu geopolyme

theo ham lugng Ca(OH)2 6 NaOH 8§ M
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Két qua trén hinh 4 cho thiy cuong d6 chiu nén
ctia vat liéu geopolyme ché tao dugc co6 xu hudng
tang 1én khi tang ham lugng Ca(OH). c6 mat trong
hdn hop phdi heu nhung s€ giam néu ting qua 45 g
Ca(OH), trong mau. Vat liéu dat cuong do chiu nén
16n nhat 14 19,7 MPa. R® rang rang su c6 mat cia
thanh phan Ca(OH); cing voi NaOH di anh huéng
tich cuc t6i kha ning dong rin bun doé trén co so
chat két dinh hdn hop cao lanh va tro bay. M.J.A.
Mijarsh va cac cong sul'® ciing da nghién cau thay
cuong do chiu nén cua vira geopolyme tir tro dau co
tang 1én t6i 188 % khi c6 mat thanh phan Ca(OH)..
Anh huéng tich cuc caa Ca(OH), téi cuong do chiu
nén cua vat liéu geopolyme ciing dugc dé cap dén
trong nghién cutu cta Maria Luz Granizo va céac
cong su.' Khi c6 mat Ca(OH) thi ¢d thé da tao ra
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su khac biét trong cdu tric mang ludgi va su hinh
thanh canxi silicat hydrat hda (C-S-H) c6 tinh cting
I6n. Bén canh do, cuong do chiu nén cua vat li¢u
thuong s tang lén khi giam do rong hoic ting do
tric dac cua vat liéu. Céc phan tar Ca(OH): cling c6
thé da di vao trong cac 15 tréng cua vat liéu, lam cho
do dac khit cua vat liéu tang 1én, tir d6 ting cuong
d6 chiu nén cua vat liéu sau xir Iy dong ran. Hon
nira, hién twong trang bé mat do bi cacbonat hoa
ciing khong con xuét hién khi st dung chét hoat hoa
kiém c6 thém Ca(OH),, thé hién r6 trén hinh 5,

Hinh 5: Anh miu vét liéu geopolyme ché tao dugc
khi dung NaOH + Ca(OH)..

3.2.3. Anh hwong ciia thoi gian dwdng mau

Thoi gian dudng mau ciing 1a thong s6 quan trong ta
cAn xem xét khi ché tao vat liéu. Ching t6i da lam
thuc nghiém khao sat cua thoi gian dudng mau tdi
cuong do chiu nén cua vat liéu. Thanh phan nguyén
vat liéu dugce str dung nhu sau: 150 g cao lanh, 75 g
tro bay, 75 g bun do, dung dich NaOH 8 M va 45 g
Ca(OH),. Ciac miu duoc siy ¢ 60 °C trong 24 h, sau
d6 duoc dudng & nhiét do phong vdi cac thoi gian
dudng khac nhau tr 3 ngay, 7 ngay, 14 ngay, 28
ngay, 42 ngay.
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Hinh 6: Cuong d6 chiu nén cta vat liéu ¢ cac thoi
gian dudng mau khac nhau

Két qua khao sat cho thdy, cudong do chiu nén
cua vat li¢u tang Ién khi thoi gian dudng mau tang.
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Do tang cuong do chiu nén tang nhanh trong thoi
gian dau cua qua trinh dudng mau, sau d6 cudong do
van tlep tuc tang nhung cham dan theo thoi gian. Ta
c6 thé quan sat thiy sau 3 ngdy dudng, cuong do
chiu nén ciia mau vat liéu da lon hon 15 MPa. Sau 7
ngay Va 14 ngay dudng mau, cuong do chiu nén cua
cac mau vat liéu geopolyme van ting tuong dbi 15
(khoang 6-16 %). Sau 28 ngay, cac mau dat cuong
do chiu nén cia cac mau da tuong ddi 6n dinh va
gan nhu dat gia tri cudng do chiu nén cao nhét.

3.2.4. Anh huéng ciia nhiét do dwéng mau

Dé danh gia anh huong cia nhiét do toi tinh chat vat
liéu, ching t6i tién hanh khao sat v&i cdc mau vat
liéu nhu sau: thanh phan nguyén liéu bao gom 150 g
cao lanh, 75 g tro bay, 75 g bun do, dung dich kiém
hoat hoa NaOH 8 M va Ca(OH); 1a 45 g. Cac mau
vat li€u dugc dudng & cac diéu kién nhiét d6 khac
nhau nhiét d6 phong 27 °C, 60 °C va 80 °C trong 24
h dau tién, sau d6 duogc thdo khuén va déu dugc
dudng tiép o nhiét do phong.
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Hinh 7: Cuong d¢ chiu nén theo thoi gian cia cac
vat liéu ché tao dugc voi nhiét do dudng khéac nhau
trong 24 h dau tién

Qua két qua nghién ctru ciac miu c6 nhan xét
nhu sau: mau vat liéu séy o nhiét d6 80 °C ¢6 cuong
dd chiu nén cao hon so véi cac mau dé dudng & 60
°C va cao hon hin cac mau dudng ¢ nhiét do phong
sau 3 ngdy, 7 ngay va 14 ngay dudng miu. Puong
cong cuong d6 chiu nén ciia cac mau vat liéu dudng
& cac nhiét do khac nhau déu c6 hinh dang va xu
huéng gidng nhau 1a tiém cén t6i gia tri cuong do
chiu nén cao nht. Cuong dd chiu nén cua vat liéu
dudng ¢ 80 °C tiém cén nhanh hon ¢ 60 °C va cham
nhét 1a ¢ nhiét do phong. Wei Hu va cac cong syl
nghién ciru anh hudng cua nhiét do dudng mau toi
cuong do chiu nén cua vat liéu geopolyme ché tao
dugc tir tro bay va bun dé thi ciing thay c6 sy ting
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cuong do chiu nén khi ting nhiét d6 dudng mau.
Bén canh d6, d6 4m dudng mau ciing anh huong khéa
I6n toi @6 chiu nén cua vat liéu. Bi véi mau dudng
& nhiét d6 phong sau 24 h ta c6 thé thiy viéc thoat
hoi nuéc trong mau cham hon cac mau & dudng &
nhiét d6 60 °C va 80 °C nén sau 24 h, bé mat mau
khong se kho nhu hai mau con lai. Sau thoi gian
dudng 24 h, trén bé mat miu dudng ¢ nhiét do
phong c6 hién tuong mdc trang diéu nay cang chang
t6 sy thoat nudc cham kéo theo lugng kiém du, khi
ra bén ngoai tiép xic voi khong khi dd tao thanh
cachonat, tao nén I6p mang triang nay. Va c6 kha
nang hién tugng cacbonat hinh thanh ca bén trong
cau trdc cua vat liéu nén lam cho cudng do nén cua
ching khdng cao bang cac vt liéu duoc siy & 60 °C
va 80 °C. Vat liéu khi sdy & nhiét d6 cao 80 °C thi
day nhanh toc do dong cing va 1am qua trinh dong
ran cla vt liéu ting 1én, cudong do phat trién & thoi
ky dau cang ro rét, dat nhanh tiém can dén cuong do
ctia 28 ngay vi trong diéu kién nhiét do cao c6 hoi
nuéc bdo hoa, kha ning hoa tan céc thanh phan Si-
Al c6 trong nguyén li¢u tang Ién, phan wng
geopolyme hoa xay ra nhanh hon, triét dé hon. San
pham phan ung sinh ra nhleu hon so véi khi ¢ diéu
kién thuong do vay 1am céu trc vat liéu tré nén bén
vitng hon, cudng do chiu nén cao hon, trang théi on
dinh nhanh hon.

Cong Tién Diing va cong su

Nhu vy, nhiét d6 dudng mau trong 24 gio dau
tién c6 anh huong quan trong dén kha nang xu ly
dong rin bun d6. Cac vat liéu geopolyme khac nhau
c6 thé phu hop véi cac nhiét do dudng mau khac
nhau nhu Zahariki va cac cong sul®! nghién ciu &
80 °C, Kaya® lam & 60 °C, Hajjaji®? nghién cau &
50 °C hay Ascensdo!?® lam & nhiét do phong. Trong
nghién ctru nay, duong vat liéu ¢ nhiét do phong
ngay tir 24 gio dau tién khéng phu hop do qua trinh
dong ran vat liéu dién ra cham, cuong do chiu nén
thip va bi cacbonat hda bé mit. Nhiét do dudng
trong 24 gio dau tién 1a 60 °C thi phu hop cho qua
trinh dong ran mau vi vira dam bao cudng d6 chiu
nén tot, vira khong mat qué nhiéu nang luong.

3.3. Panh gia d théi mot s6 kim loai ning cia
vat liéu sau xir ly déng ran

Dé khdo sat do thoi kim loai clia cac mau vat lidu
geopolyme ché tao duogc, ching t6i da tién hanh do
ham Iugng mét s6 kim loai nang nhu Cr, Fe, Ni, Zn,
As, Cd, Pb cua dung dich ngam vat li¢u. Cac mau
duoc nghién ciu 1a XV1 - XV5. Cac mau vat liéu
sau 28 ngay dudng duoc ngdm vao trong cbe nhua
c¢6 chtra 200 mL nude cat. Sau 15 ngay, dung dich
ngam mau dugc do ham lugng kim loai ning. Két
qua do dugc dua ra trong bang 3.

Bdng 3: Két qua do do thoi kim loai ning cuia cac mau vat liéu sau 28 ngay dudng

N Chi tiéu phan tich
Mau Cr Fe Ni Cu Zn As Cd Pb
(mgh)  (ugL)  (ug/h) (ng/L) (ng)  (ugl)  (ugl)  (uglh)
QCVN! 100 5000 500 2000 3000 100 100 500
XV1 64,355 20,493 1,095 146320 0576 74,021 0,037 <103
XV2 45288 22,190 0,972 250,944 0016 43,238 0013  <10?
XV3 37,008 33269 1480 103487 5856 62,099 0,031 <103
XV4 52,011 17,039 0,829 136,960 4,063 32,692 0,005 <103
XV5 44251 20,508 0,869 94,639 5495 14969 0021 <103

QCVN: Quy chudn quéc gia vé nwde thai cong nghiép (loai B).

Két qua cho thiy ham lwong mot sé kim loai
ning duoc do cua cac dung dich ngdm miu déu co
gid tri nhé hon so véi quy chudn qudc gia vé nude
thai cong nghiép loai B. Nhu véy, vat liéu sau xur 1y
dong ran theo cong ngh¢ geopolyme khong gay 0
nhiém moi truong thir cp khi tiép xtc voi nudc.

4. KET LUAN

Bun d6 di dugc nghién ctu xtr Iy dong ran bang
phuong phap geopolyme bang chat két dinh 1a hdn
hop cao lanh va tro bay. Ti 1& thanh phin nguyén
ligu bun do/tro bay, chat hoat hoa kiém, thoi gian

28

dudng mau, nhiét 46 dudng mau ¢ anh huong rd
dén cuong do chiu nén cua vat liéu sau xir 1y dong
rin. Chat hoat hoa kiém 1a hdn hgp NaOH +
Ca(OH)2 cho cuong do chiu nén cua vat li¢u
geopolyme tuong ddi cao. Vi thanh phan phdi liu
150 g cao lanh, 75 g tro bay, 75 g bun do, NaOH 8§
M va 45 g Ca(OH),, siy & 60 °C trong 24 h d4u tién
thi cuong do chiu nén cua vat li€u sau 28 ngay
dudng 14 cao nhét, dat 19,7 MPa va d6 thoi kim loai
ning dam bao khdng 6 moi truong thu cap. Vit lidu
tiém ning ung dung lam vat liéu khong nung trong
linh vuc xay dung.
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Loi cdm on. Nghién cuu duoc thuc hién voi sy hé
tro ciia dé tai KHCN ma s6 B2019-MDA-03. Nhém
tac gid tran trong cdm on cdc y kién phdn bién va
nhén xét gép phan ning cao chat lwong bai bdo.
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