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CUA BE TONG GEOPOLYMER

EFFECT OF ALKALINE LIQUID ON SHRINKAGE OF GEOPOLYMER CONCRETE
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Toém tét - Bé tong geopolymer st dung tro bay phat trién cuong do
nho qua trinh hoat hoa gilra tro bay va dung dich hoat hda dwdi tac
dung cla nhiét. Nghién ctru nay nham danh gia anh hwéng clia thanh
phan dung dich hoat héa khi két hop véi tro bay sé€ tao ra cwong do,
ddng thoi cing anh hudng dén tinh co ngét clia bé téng geopolymer.
Thanh phan cap phéi str dung tro bay tir 300 dén 500 kg/m?, dung
dich hoat héa ciing thay d6i tir 0,3 dén 0,7 tinh theo khéi lwgng tro
bay. Gia tri co ngét clia bé téng geopolymer dwoc xac dinh & didu
kién nhiét d6 phong dat khoang tir 700 dén 950 pe va co xu hwéng
téng lén khi tang ham Iwgng tro bay va dung dich hoat héa. Két qua
thuwc nghiém cho thay co ngét sau 72 gid trong qua trinh dwéng hod
nhiét & 90°C I&n hon & diéu kién nhiét do phong tir 5 dén 25%.

Tw khoéa - co ngét; tro bay; dung dich hoat héa; sodium silicate;
sodium hydroxide; bé tdng geopolymer.

1. Giéi thi¢u

Vat li¢u geopolymer do nha khoa hoc Davidovits
(1978) tao ra dugc téng hop tir nhitng khoang vt thudc
nhém aluminosilicate [1-4]. BE tong geopolymer st dung
tro bay duoc ché tao de thay thé bé tong truyen thong va
tan dung duogc ngudn nguyén liéu phé thai co chira
aluminosilicate. Qud trinh tring ngung tir tro bay va dung
dich hoat héa dudi tac dung cia nhi¢t do lam bé tong
geopolymer c6 kha nang dat cuong do cao voi thoi gian
dudng ho can thiét. Qua trinh twong tac giira tro bay va
dung dich hoat hoa trinh bay trong Hinh 1 [5].

OH’

Reaction product

Hinh 1. Su twong tdc cia tro bay va dung dich hoat héa [5]

Trong thanh phan cip phdi bé tong geopolymer, s& st
dung thanh phan chinh 1a tro bay va dung dich hoat hoa
alkaline. Qua trinh ché tao bé tong geopolymer sau dé s&
duoc dudng hd nhiét o dé qué trinh hoat hoa dién ra. Hién
tuong co ngdt ciia bé tong geopolymer dugc xem xét ¢ giai
doan dudng hd ¢ nhi¢t dd phong sau khi nhao trdn tao mau
va dudng ho ¢ nhiét d6 tao cuong do.

Bai bao nghién ctru anh hudng cua dung dich alkaline
dén sy hinh thanh co ngoét kho ciia bé tong geopolymer sir

Abstract - Geopolymer concrete using fly ash is strengthened by
reaction between fly ash and alkaline liquid under heat curing. In
this paper, the effects of activator liquid on strength and shrinkage
are considered. The mixed proportion of fly ash ranging from 300
to 500 kg/m® and alkaline liquid from 0.3 to 0.7 by weight is
investigated. Hence, the shrinkage of geopolymer concrete is
about 700-950 pe in room temperature curing and to be higher with
an increase in alkaline liquid. After 72 hours, the results indicate
that shrinkage is about 5-25% higher compared to curing in 90
degree Celsius and room temperature.
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dung tro bay. Trén co so do, két qua gitp xac dinh anh
hudng va gia tri co ngdt ctia dung dich hoat hoa dén bé tong
geopolymer.
2. Nguyén vit liéu va phwong phap thi nghiém
2.1. Nguyén vit li¢u
2.1.1. Ba dam

‘ba dém c6 Dmax 20 mm, khdi luong riéng 2730 kg/m®,
khoi lugng thé tich x6p 1450 kg/mé. Cap phoi thanh phan
hat cua da dugc trinh bay trong Bang 1.

Bing 1. Thanh phin hat ciia dd

C& sang Luong sot riéng biét Luogng sot tich 1y
(mm) (%) (%)
25 0 0
20 9 9
10 61 70
5 30 100
2.1.2. Cat

Loai cat str dung trong thi nghiém 1a cat séng, co khoi
luong riéng 2,62 g/cm?, khdi lugng thé tich 1,46 g/cm? va
md dun d¢ 16n 2,16. Cap phdi thanh phan hat cia cat dugc
trinh bay trong Bang 2.

Bing 2. Thanh phan hat ciia cdt

Cosang | Luong sot riéng biét | Luong sot tich ldy

(mm) (%) (%)
5 0 0

25 4,8 4,8
1,25 8,6 13,4
0,63 16,0 29,4
0,315 41,8 71,2
0,14 26,0 97,2
Day sang 2,8 100
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2.1.3. Tro bay
Tro bay sir dung trong thi nghiém c6 ngudn gc tir nha
may nhiét dién Formosa, 1a tro bay loai F theo tiéu chuan
ASTM C618, khoi luong riéng 2500 kg/m®, d6 min 94%
Iugng lot qua sang 0,08 mm. Thanh phan héa hoc cho bdi
Bang 3.
Bing 3. Thanh phan héa hoc ciia tro bay

Thanh phan ho4 % khbi lugng
Si02 51,7
Al203 31,9
Fe20s 3,48
Ca0 1,21
K20 + Na20O 1,02
MgO 0,81
S0s 0,25
MKN(*) 9,63

(*) MKN: madt khi nung
2.1.4. Dung dich kiém

Dung dich alkaline 1a sy két hop giita sodium hydroxide
va sodium silicate. Dung dich sodium hydroxide néng do
18 Mol dugc st dung. Dung dich sodium silicate sir dung
thuy tinh 1ong véi ham lugng Na,O va SiO. dao dong tir 36
dén 38 %, ty trong 1,42+0,01 g/ml.

2.2. Cip phéi

Thanh phan cip phéi bé tong geopolymer duge nhao
tron voi 300, 400 va 500 kg/m3 tro bay. Khéi luong dung
dich alkaline dugc xac dinh theo ham lugng tro bay st
dung va ty 1¢ dung dich alkaline-tro bay.Trong thi nghiém,
ty 1& dung dich alkaline-tro bay (DD/TB) lan luot 13 0,3,
0,4, 0,5, 0,6 va 0,7, trong d6 dung dich alkaline c6 ty 1€
sodium silicate-sodium hydroxide 12 1-1. Thanh phan cép
phdi trinh bay trong Bang 4.

tron kho. Qua trinh nhao tron w6t trong khoang 3 phut bang
may tron. Sau do, hdn hgp bé tdng geopolymer duoc tao
mau thi nghiém do co ngét 75x75x285 mm theo ASTM
C490 [6]. Xac dinh co ngét cho mau dugce dudng ho & nhiét
d6 phong 30  2°C va dudng ho trong thiét bi siy & 90°C
trong 4 gio.

AK/FA = O,§

FA=400, §5/sti=|

Hinh 2. Khuén va dung cu do co ngot bé tong geopolymer theo
tiéu chuan

Thi nghiém x4c dinh cudng d6 duogc tién hanh sau khi
thao khudn sé duoc say ¢ 90°C trong vong 4 gio. Sau do
dudng l}(f) 0 dicu kién nhiét d6 phong, nén mau khi dat 7
ngay tudi.
3. Két qua thi nghiém

Két qua thi nghiém trinh bay trong Bang 5.

Bing 5. Két qua thi nghiém

; Co ngot (ue) Co ngot (ue) Nén
Bing 4. Cdp phdi bé tong geopolymer (kg/m3) Ky (nhiét o phong) (sdy 90°C trong 4h) | (MPa)
Ky hiéu | Pa(ke) | Cét(kg) | Trobay(kg) | DD/TB hiu oun | ash | 72 | 24h | 4sh | 72n

M1l 1098 855 300 0,3 M1l 510 | 690 | 735 | 785 805 845 1,7
M1ll 1098 831 300 0,4 M1Il | 535 | 725 | 780 | 835 | 860 885 7,9
M1l 1098 817 300 0,5 M1l | 590 | 785 | 895 | 905 925 945 8,3
M1V 1098 793 300 0,6 M1IV | 630 | 815 | 905 | 915 935 965 9,8
M1V 1098 769 300 0,7 M1V | 670 | 845 | 945 | 935 | 975 1010 10,5
M2l 1063 802 400 0,3 M2I 645 | 701 | 745 | 815 875 910 18,7
M2I1 1063 770 400 0,4 M2Il | 660 | 720 | 770 | 860 915 945 21,3
M2l 1063 738 400 0,5 M2II1 | 710 | 835 | 945 | 965 990 1030 24,1
M2IV 1063 706 400 0,6 M2IV | 725 | 845 | 955 | 960 980 1050 30,5
M2V 1063 674 400 0,7 M2V | 765 | 855 | 960 | 980 | 1015 | 1065 27,3
M3l 950 800 500 0,3 M3l 720 | 785 | 855 | 865 920 965 24,7
M3l 950 760 500 0,4 M3Il | 745 | 875 | 945 | 925 945 980 25,9
M3l 950 720 500 0,5 M3IIl | 815 | 1010 | 1135 | 1045 | 1120 | 1195 28,2
M3IV 950 680 500 0,6 M3IV | 840 | 1045 | 1180 | 1210 | 1225 | 1255 33,3
M3V 950 640 500 0,7 M3V | 875 | 1140 | 1375 | 1385 | 1415 | 1445 25,5

2.3. Phwong phap thi nghi¢m

Nhao tron kho cac thanh phdn nguyén liéu sau khi dinh
luong nhu da, cat, tro bay trong vong 2 phit bang may tron.
Hon hop dung dich alkaline bao gom sodium silicate va
sodium hydroxit da chuan bi truéc dugce do vao hon hop da

3.1. Anh hwéng ciia ty 1¢ dung dich alkaline-tro bay dén
co ngot kho

Hinh 3 trinh bay do co ngot cua bé tong geopolymer
dudng ho ¢ nhi¢t dd phong cho cac cap phdi su dung cung
ham lugng tro bay 1a 300kg/m®, nhung véi céc ty 1¢ dung
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dich alkaline-tro bay tir 0,3 dén 0,7. Két qua cho thiy cac
cép phbi khao sat co ngét manh trong 24 gio dau va tiép
tuc ting sau d6 véi tc dd cham hon. Ngoai ra, ty 1¢ dung
dich hoat hoa-tro bay ting thi dd co ngot cua bé tong
geopolymer ciing tang theo.
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Hinh 3. D¢ co ngdt ciia bé tong geopolymer dudng ho
6 nhiét dé phong véi ham lwong tro bay la 300kg/m®
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Hinh 4. Do chénh co ngdt ciia bé tong geopolymer diwdng ho
trong thiet bj say o 90°C trong 4 gio so voi duong ho
6 nhiét do phong véi ham luong tro bay la 300kg/m®
Khi mau dugc dudng ho ¢ 90°C trong 4 gid, d6 co ngot

clia ciing cac cap phdi nhur trén cho két qua cao hon 1a do
nhiét do tao ra sy mat nudc va co ngét cua vat lidu so véi
dudng hd ¢ nhiét d¢ phong. Mirc chénh d6 co ngodt gitra hai
diéu kién dudng ho 16n nhét 1a sau 24 gid, cang vé sau sy
chénh cang giam dan. Nguyén nhén 1a sau 4 gio dudng ho
nhiét thi nhiét d6 trong miu giam dan, nhung co ngdt van
dién ra, qua trinh nay dién ra nhidu trong 24 gio dau tién.
Sau d6 mau cang phat trién cuong do thi s co ngdt cang
giam lai, do d6 khi so sanh & 72 gio thi gia tri co ngot ¢ 2
diéu kién chénh léch nhau khoang 5 — 25%.
3.2. Anh hwéng ciia ham lwgng tro bay dén co ngét kho

Nhin chung, khi ting ham luong tro bay tir 300 kg/m?®

dén 500kg/m® thi d6 co ngét theo thoi gian ciia bé tong
geopolymer ciing tang theo.

Khi dugc dudng hd ¢ nhiét d phong thi sau 24 gio, do
chénh co ngét cua cac cap phdi khi st dung ba ham luong
tro bay la 300, 400 va 500kg/m?® véi céc ty 1é dung dich
alkaline-tro bay tu 0,3 dén 0,7 1a gﬁn nhu déu nhau. Tuy
nhién, c6 sy khac biét 16n sau 72 gio khi st dung ham
lwong tro bay 1a 500kg/m3, dac biét 1én dén trén 400pe khi
ty 1€ dung dich alkaline-tro bay la 0,7.
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(b) Dudng hé 6 nhiét dé phong sau 72 gio
Hinh 5. D¢ co ngét ciia bé téng geopolymer

Khi dugc dudng h ¢ 90°C trong 4 gio thi trong thoi
gian dau (24 gio), do chénh co ngdt clia cac cap phdi co
khuynh huéng ting dan theo su ting cia ty 1¢ dung dich
hoat hoa-tro bay so voi dudng hg ¢ nhiét do phong, tang
manh véi cép phdi sir dung ham lugng tro bay 1a 500kg/m?.
Do d6, ngoai yéu t6 anh huéng cta dung dich hoat hoa dén
qué trinh co ngdt cua bé tong geopolymer thi thanh phan
tro bay ciing anh huong dén co ngoét. Tang ham luong tro
bay ciing tryc tiép lam ting ham lugng dung dich hoat hoa
nén qua trinh co ngot cling tang theo.
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(b) Sau 72 gio
Hinh 6. D9 chénh co ngdt ciia bé tong geopolymer dudng ho trong
thiet bj say ¢ 90°C trong 4 gio so voi duong ho o nhiét do phong

3.3. Anh hwong ciia ham lwong tro bay va dung dich
alkaline dén cuwong d

Hinh 7 cho thay cac cip phdi bé tong geopolymer c6
cuong d6 tang, khi ham lugng tro bay khao sat ting tir 300
dén 500kg/md, trong d6 ty 1& dung dich hoat hoa-tro bay
tang tir 0,3 dén 0,6 va cuong d6 c6 khuynh huéng giam,
khi ty 1& dung dich hoat héa-tro bay 1a 0,7. Khi ty 1€ dung
dich hoat hoa-tro bay Ia 0,7 thi cuong do cta cap ph01 su
dung ham lugng tro bay 1a 400kg/m® cho két qua vé cuong
do 16n hon khi sir dung 500kg/m®. Ngoai ra, ciing co thé
thiy 16 cuong do clia cap ph01 str dung ham luong tro bay
1a 300kg/m? 1a twong dbi thap.
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Hinh 7. Cuong dé cia bé tong geopolymer

4. Két luan

Két qua nghién ctru cho thdy sy anh hudng cua thanh phan
dung dich hoat héa khi két hop véi tro bay dén cudong do va
d6 co ngdt ctia bé tong geopolymer. Gid tri co ngdt clia bé tong
geopolymer dugc x4c dinh ¢ diéu kién nhiét d6 phong sau 72
gio dat 950 pe tuy theo ham luong dung dich hoat hoa. Khi
cap phdi tang ham luong dung dich hoat hoa va tro bay thi gia
tri co ngét ciing ting dén khoang 1445 pe. Két qua thuc
nghiém cho thay co ngét khi mau dugc dudng ho nhiét & 90°C
cho két qua 16n hon ¢ diéu kién nhiét d6 phong.

Khi xét mdi twong quan giita d6 co ngdt va cuong do
thi cip phdi bé tong geopolymer st dung ham lugng tro
bay bang 400kg/m? va ty 1& dung dich hoat hoa-tro bay
bang 0,6 1a twong ddi hop 1y, vi gi tri cuong d¢ chiu nén
bé tdng geopolymer dat dén 30MPa va d6 co ngot kho &
72 gio dat 950ue khi dudng ho & nhiét do phong va dat
1050pe khi dugc dudng hd nhiét.
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