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TOM TAT

Nghién ciru trinh bay vit liéu dat khéng nung diege ché tao bang ky thudt geopolymer:
Chat xuc tac duoc sw dung la dung dich alkaline voi ham lwong khac nhau két hop voi
tro bay. Tinh chat cua vat liéu duwoc khdo sat bang cach thay doi diéu kién duong ho
khac nhau ¢ 60, 80, 100 va 120 d¢o C, thoi gian duong ho thay doi tir 6 den 12 gio. Két
qua cho thay cuwong do cua vat liéu dat khong nung phu thuoc nhiéu vao nhiét do bao
duong, thoi gian duong ho va ti lé dung dich alkaline — tro bay. Vit liéu geopolymer dat
co thé dung thay thé cho san xuat gach khong nung tir nguyén liéu dat sét.

Tir Khéa: Dat, dung dich alkaline, tro bay, qua trinh geopolymer hoa

ABSTRACT

Soil material can be used as building material without cement by geopolymerisation.
The fly ash powder and activator agent, which was alkaline liquid, were used. The
temperature from 60 to 120 celsius degree and curing time from 6 to 12 hours were
investigated. Geopolymer soil shows the strength is belonging to curing condition such
as time and temperature, ratio of alkaline liquid and fly ash. The research is indicated

that cementious building material can be replaced by geopolymer soil.

Keywords: Soil, alkaline liquid, fly ash, geopolymerisation.

1. GIOI THIEU

Viét Nam 1a mot dat nudc dang phat
trién, véi nguon nguyén liéu khoang san
dat sét kha doi dao, duge phan bd trén dién
rong tir Bac vao Nam. Trong sudt qua trinh
hién dai hoa, su phat trién nhanh chéng ctua
nganh vat liéu xay dung tir dat sét 3 mang
lai hiéu qua nhat dinh nhung bén canh d6
viéc thai khi CO, va chat thai cong nghiép
da gay anh huong xau dén méi truong sinh
hoat. Tur do, y tudng trng dung cong nghé
geopolymer vao vat lidu dat sét duoc tién
hanh nghién ctu dé tao ra loai vat liéu
méi giam thiéu khi thai va than thién moi
truong. Thanh phan nguyén vat liéu cia

! Truong Dai hoc Bach Khoa TPHCM.
2 TS, Truong Dai hoc Bach Khoa TPHCM.

geopolymer dat chu yéu 1a dat sét va tro
bay, xi 10 cao hodc cac vat li¢u thai tir cac
nganh cong nghiép.[1-3]

Dit sét la mot loai vat lidu
aluminosilicate v&i thanh phan chu yéu la
oxit silic va oxit alumin, dugc Ung dung
nhiéu dé ché tao cic san phdm phuc vu
cho nganh xay dung. Nghién clru nay ung
dung cong nghé geopolymer véi thanh
phan nguyén liéu chinh 1a dat sét va chat
xuc tac di kich hoat dé tao ra loai vat liéu
mo1 than thién vé1 moi truong. Cong nghé
Geopolymer dugc Giao Su Davidovit [4-6]
sang ché bang cach tong hop theo phuong
phép tron nguyén li¢u aluminosilicate véi
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chat xtc tac 1a dung dich alkaline manh
Sodium hydroxyt hodc potassium hydroxit
cung dung dich alkaline. Hon hop dugc
bao dudng va dong rin ¢ nhiét do phong
hoac séy 0 nhiét do thép. Dud¢i tac dung
cua dung dich alkaline, nguyén vat li¢u bi
hoa tan va phan ng tao ra cac tir dién Al*
va Si* tu do. Sudt qué trinh xdy ra phan
ung, cac to dién tu do lién két nhau thong
qua nguyén tir Oxy va nudc dugc tach ra,
hinh thanh chudi polymer vé dinh hinh.
Duéi tac dung cua dung dich alkaline, xay
ra cac phan g sau:

Hoa tan khoang Kaolinite thanh céac
monomer Si va Al:

ALSi, O(OH), + 60H + HO -
2A1(OH),- + 2H,SiO >

Cac monomer méi déng rin thanh
Hydrosodalite:

6Al(OH),- + 6H,SiO >+ 6Na* >Na-
Si.ALO,, + 120H +12H,0

Céc nghién ctu trudc day tap
trung vao khdao sat tinh chit cua vat liéu
geopolymer chu yéu la betong dudi tac
dung ctia dung dich alkaline va diéu kién
dudng ho. Trong do, dung dich alkaline la
két hop sodium hydroxyt hay potassium
hydroxyt va sodium silicat hoa tan. Diéu
kién dudng ho thuong dung l1a nhiét d va
thoi gian dudng ho vat liéu [7-13]. Nghién
ciru ndy st dung dung dich alkaline két
hop véi vat lidu dat sét dé tao thanh vat
liéu khong nung. Dung dich alkaline su
dung chinh 1a dung dich sodium hydroxyt.
Ti 1& dung dich — tro bay theo khdi lugng
1an lugt duge khao sat 1a 0,35; 0,4 va 0,45.
Nhi¢t do dung cho qué trinh geopolymer
hoa dat sét s& thay doi tir 60 dén 120 do C.

2. NGUYEN VAT LIEU
2.1. Tro bay (fly ash)

Tro bay dugc lay tir nha _may dién
Formosa Pong Nai, c6 thanh phan hoa hoc
nhu sau:

Bang 1. Thanh phin héa hoc ciia tro bay

Thanh phan .
hod hoc Sio, ALO, | Fe,0, CaO Na,0 |MgO | SO, MKN(¥)
% khdi lugng 53,9 34,5 4,0 1,0 0,3 0,81 0,25 9,63

(*) MKN : mdt khi nung
2.2. Dit sét

Dit sét dung dé san xuat gach ngdi duoc dung cho nghién ctru c6 thanh phan hoa

hoc trinh bay trong Bang 2.

Bang 2. Thanh phan héa hoc cia dit sét

SiO ALO

2 273

Thanh phan hoa hoc

CaO

0, |KO |Mg0 |PO, |MKN

% khdi lwong 76,22 | 10,51

0,193

1,02 |- 0,076 |58

(*) MKN : mdt khi nung

Dit ¢ cac tinh chat vat Iy nhu sau: Khbi
luong riéng: 2.32 (g/em®); Chi s6 déo: 24 %;
G161 han déo: 18 %. Dung dich alkaline:

Dung dich alkaline dugc st dung
1a hon hop hoa tan dung dich sodium
hydroxit va dung dich sodium silicat.
Dung dich truée khi nhao tron dugc pha
vao nudc, lugng nude dung da dugce tinh

toan cho phu hop véi do 4m va phuong
phap nhao tron.
2.3. Cép phéi hé nguyén vat liéu
Ty 1& dung dich alkaline — tro bay lan
luogt 1a 0.3, 040 va 0.5. Trong dung dich
alkaline, ti 1¢ thanh phan sodium hydroxit —
sodium silicate thay doi 1an luot13 0.5, 1 va 2.
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M4u dat thi nghiém sau khi x4c dinh
cac chi tiéu co 1y duoc tron déu véi 20%
tro bay theo ty 1¢ khoi lugng dé tao mau
c6 kich thude tru 5cm va chiéu cao 10 cm.
Sau d6 mau duoc nhao tron voi dung dich
alkaline véi ty 1& khac nhau. Mau tao thanh
dugc bdo dudng & nhi¢t d§ phong trong 3
gi0. Gia tri cuong do chiu nén dugc xac
dinh sau khi tién hanh dudng ho & nhiét do
lan luot 1a 60, 80, 100, 120 d6 C, thoi gian
dudng d6 thay doi tir 6, 8 , 10 va 12 gid
theo tirng cap nhiét do.

Hinh 1. Quan h¢ giira thoi gian duéng

ho nhiét va cwong d¢ chiu nén khi ty 1¢
Sodium Hydroxit — Sodium Silicat 1a 1-1
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Két qua thi nghiém ¢ hinh 1 cho théy,
khi thot gian du’6’ng hd nhiét tang tir 6 gio,
8 gio, 10 glo dén 12 gio thi cu’(mg do chiu
nén ctia mau geopolymer dat cang ting.
Khi d6, Cap phdi M21 c6 cudng do chiu
nén tang lén 72.69%, tir 3.15MPa tai 6 gio
1én dén 5.44MPa tai 12 gio. Cap phbi M51
c6 cuong do chiu nén tang lén 78.25%, tur
3.77MPa tai 6 gid 1én dén 6.72MPa tai 12
gio. Trong khi, cip phdi M81 ¢6 cuong dd
chiu nén tang Ién 71.06%, tir 4.25MPa 1én
dén 7.27MPa. Téc @6 phat trién cuong do
khi tang thoi gian dudng ho cua cap phdi
M51 1a nhanh nhét. Khi thoi gian dudng
hd nhiét tang tir 6 gid 1én 10 gio thi cuong
d6 cta ca 3 cap phdi M21, M51 va M8l
déu gia ting nhanh hon so véi truong hop

3. KET QUA THUC NGHIEM

3.1. Anh huéng cia diéu ki¢n dudng
ho dén cwong do ciia miu geopolymer dat

Piéu kién dudng hd dugc xét dén véi
hai thanh phan chinh 13 thoi gian dudng
ho va nhiét do dudng ho. Thanh phan cap
phdi véi ty 1& dung dich hoat hoa polymer
- tro bay thay doi & cac ti 16 0.2, 0.3 va 0.4.
Sau d6 dugc dudng ho ¢ cac cép nhiét do
60°C, 80°C, 100°C va 120°C véi thoi gian
dudng ho thay doi tir 6, 8, 10 va 12 gid
trong thiét bi say.

Hinh 2. Quan h¢ giira nhiét do duwdong ho
va cuwong do chiu nén véi ty 1€ Sodium
Hydroxit — Sodium Silicat 1a 1-1
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Nhiét 5 dwéng hd (d8 C)

thoti gian dudng hd nhiét 16n hon 8 gio.
Qua trinh gia nhiét ban d4u cung cap ning
luong cho qué trinh tao cuong do cho vat
liéu, nhat 13 trong thoi gian 10 gior dau tién.

Hinh 2 cho thiy cudong d6 cua ca 3
cap phdi M22, M52 va M82 déu gia ting
nhanh hon khi nhiét 40 dudng ho ting tur
60°C 1én 100°C so véi giai doan nhiét do
dudng ho tang tir 100°C 1én 120°C. Riéng
cAp phdi M82 khi dudng ho & nhiét do
100°C c6 cuong do chiu nén tang thém
62.72% so v&1 khi dudng ho & nhiét
d6 60°C (tr 7.27MPa & 60°C lén dén
11.83MPa ¢ 100°C). Khi dudng hd ¢ nhiét
d6 120°C cuong d6 chi tang thém 4.31%
(tir 11.83MPa ¢ 100°C 1én dén 12.34MPa
6 120°C). Nhiét do dong vai tro quan trong
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trong sy phat trién cudng do geopolymer
dat. Anh huong cua nhiét do dén cuong
d6 chiu nén ciia geopolymer dét 1a dang
ké, khi tang nhiét d6 dudng ho sé giup gia
tang cuong do vat liéu, tuy vao tung thanh

Hinh 3. Anh huéng ty 1 DD hoat
ho6a polymer-tro bay va nhiét do
dudng hé khi ty 1€ Sodium Hy-
droxit — sodium Silicat 1a 1:1
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Nhiét 6 du&ng ho (d6 C)

Khi cip phdi thay doi ty 1& dung
dich hoat hoa polymer — tro bay tir 0.3 1én
0.5 thi cuong do cua vat liéu c6 xu hudng
tang lén. Trong do, ¢ nhiét 40 dudng ho
60°C trong 12 gid, cudng do chiu nén cua
cap ph01 M83 (11.46 MPa) cao gip gan
1.26 1an so v&i cuong do chiu nen cap
phbi M53 (9.11 MPa) va cao gap 1.7 lan
so voi cudng do cap phdi M23 (6.72MPa).
O nhiét 46 dudng ho 120°C, cudng do chiu
nén cua cip phdi M83 (16.53MPa) cao
gap gém 1.08 1an so v6i cuong do chiu nén
cua cap phéi M53 (15. 26MPa) va cao gap
1.34 14an so véi cuong do cap phdi M23
(11.36MPa).

Téc d6 phét trién cuong do cua 3
cap phdi M23, M53, M83 véi ham lugng
dung dich hoat hoa polymer khac nhau
cling khac nhau khi tang nhiét do dudng
ho. Cap phdi M23 c6 cuong do chiu nén
tang 4.64MPa tu 6.72MPa & nhiét do
dudng ho 60°C 1én 11.36MPa & nhiét do
dudng ho 120°C. Trong khi d6, cuong

phan cap phdi ma nhiét do thich hop s&
cho cuong dd tot nhat.

3.2. Anh huéng ciia ti 1& dung dich
hoat héa — tro bay dén cwong d¢ ciaa
mau geopolymer dat va tro bay:

Hinh 4. Anh huéng ty 1§ DD
hoat héa polymer-tro bay va thoi
gian dwong h§ khi ty 1€ Sodium
Hydroxit — Sodium Silicat 1a 1:1
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d6 cap phoi M53 ting 6.15MPa va cap
phdi M83 ting 5.07MPa khi ting nhiét
d¢ dudng ho tur 60°C 1én 120°C. Ham
lugng dung dich hoat hoa polymer c6 tac
dung lam cho qué trinh geopolymer hoa
tao thanh khoang c6 cuong d¢ dudi anh
huong ctua nhiét d¢ s€ giup cho vat liéu
co cuong do t6t hon. O cung mot nhi¢t
d6 dudng ho, cap phdi co ty 1¢ dung dich
hoat hoa polymer — tro bay 16n hon s€ co
cuong dd chiu nén cao hon.

Tai thoi gian dudng ho 1a 6 gio ¢
nhiét d6 60°C, cudng d6 chiu nén cua cap
phdi M84 (6.24MPa) cao gap 1.12 lan
so vo1 cuong do chiu nén cua cép phbi
M54 (5.56MPa) va cao gap 1.66 lan so
v6i cuong do cip phdi M24 (3.77MPa).
Khi tdng thoi gian dudng ho 1a 12 gio &
nhiét d6 60°C, cudng d6 chiu nén cua cap
phbi M84 (11.46MPa) cao gap 1.26 lan
so voi cudng do chiu nén cua cip phdi
M54 (9.11MPa) va cao gap 1.71 1an so véi
cudng do cip phdi M24 (6.72MPa).

14
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Trén c& s¢ thue nghiém dénh gid anh
huong cua thot gian dudng ho, chiing ta co
thé ché tao vat liéu geopolymer dat bang
cach thay doi ché do dudng ho hop ly. Cép
phbi M84 str dung ty 1& dung dich hoat
hoa — tro bay 1a 0.5 chi cin dudng h &
nhiét do 60°C trong 6 gio co thé dat cuong
d6 chiu nén tuong dwong so voi cap phdi
M54 dung ty 1€ dung dich hoat hoa 1a 0.4
dudng ho ¢ nhiét do 60°C trong 8 gio. Khi
d6, cap phdi dung ty 18 dung dich 1a 0.3
can dudng ho trong 12 gid méi dat duogc
cuong do tuong duong.

Cung mdt thoi gian dudng ho &
cung mot cap nhiét do dudng ho, cap phdi
co ty 1¢ dung dich hoat héa polymer — tro
bay cao hon s€ c6 cuong do chiu nén cao

hon. B¢ ting cuong dd chiu nén cua cap
ph01 c6 ty 1& dung dich hoat héa thip can
thiét ta phai ting thoi gian dudng ho nhiét.

3.3. Phan tich cdu tric cia cac
miu Geopolymer dit va tro bay bing
cac phwong phap phan tich hién dai:

Geopolymer cta dat sét va tro bay co
cAu tric vo dinh hinh tron 13n céu trac zeo-
lite. Cac phuong phép phén tich dugc su
dung co ban 13 phuong phap phan tich cau
tric qua kinh siéu hién vi dién tir Scanning
Electron Microscope (SEM) trong hinh 5
dé nhan biét cdu tric bé mit, lién két cla
céc cAu tric v6i don vi 1a mircomet (um).
Ngoai ra, con st dung thém phuong phép
chup nhiéu xa tia X hay con goi 1a XRD dé

xac dinh chinh xac sy ton tai clia cac ciu trac geopolymer v dinh hinh trong mau tao
thanh, két qua trinh bay trong hinh 6.
Hinh 5. Céu tric ciia miu geopolymer dat va tro bay

(a) B& mat mau geopolymer dat

va tro bay sau khi dong ran

X5,000 WD 7.6mm 1um

(c) Cac khoang sét da dugc polymer hoa

truc tlep va lién két chat ché nhau.

LEI 3.0kV WD 7.8mm 1um

(b) Cau tric bé mat dong ran ciia mau

5,000

geopolymer dat va tro bay

ICT-VAST X5,000 WD7.7mm Tum

(d) Khoang kaolinite da geopolymer
hoa thanh hydrosodalite

SE SEM LEI 3.0kV
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Hinh 6. Hinh XRD ciia miu geopolymer dit va tro bay
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4. KET LUAN

Nghién ctru anh hudng cia cac diéu
kién dudng ho khac nhau, ham luong dung
dich alkaline cta vat li¢u dat khong sur dung
chét két dinh ximang, két luan dugc rang:

Cuong do cua vat li¢u dat dat khoang
3 MPa trong diéu kién nhiét do 60 d6 C
trong 6 gid. Khi tdng thoi gian dudng ho
1én dén 10 gid thi cuong do tang gan 70%.
Khi thay d6i nhiét 46 dudng ho tir 60 d6
C dén 120 @6 C thi cuong do co thé ting
dén 80%.

.150 | Strip
01 %% - d 5 by 1,- WL LE4DE - Hex agon.
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Trong dung dich hoat hoa thi ty 1€
gitta sodium hydroxit — sodium silicat 1a
1:1 cho cuong do vat li¢u tdt nhat.

Ham lugng dung dich alkaline cang
tang thi cuong do vat li¢u cang tang, co
kha ning ting dén 80% trong cung dicu
kién bao dudng.

Vit lidu dat c6 kha ning két hop cong
nghé geopolymer dé tao thanh vat liéu
khong nung hay thé cho vat liéu truyén
théng.
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