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Tom tdt

Bai bdo nghién ctu cuong do cltia gach bé tong khong nung c6t lieu da mi str dung cong nghé geopolymer thay thé€ cho chat két dinh
xi mang truyén théng. Cac thi nghiém dya trén su dnh huong cua ty 1é da mi (5-10mm) thay cho cét véi ty 1& sodium silicate/sodium
hydroxide (SS/SH) cia dung dich kiém hoat hoa c6 trong cac cdp phoi va thoi gian dudng ho nhiét dén cuong do chiu nén. Két qua thi
nghiém cho thay cap phdi véi ty 1é da mi/cat 1a 75/25, ty lé SS/SH 1a 2 va duoc duong ho nhiét trong 10 gior cho két qua cao nhat. St
dung cdp phdi nay va diéu kién duong ho nhiét tuong ing dé dic mau gach thi san phdm gach khong nung geopolymer da mi dat cac
gia tri cuong do chiu nén va chiu kéo len dén 24,06MPa va 7,51MPa. Bai bdo cho thdy san phdm gach khong nung geopolymer st
dung cét lieu da mi co thé ap dung cho cac loai tuong chiu luc, gach lat chju téi cao, ...

Tir khéa: gach khong nung; geopolymer; da mi

Abstract

The paper studies the strength of unburnt concrete brick, using crushed stone and the geopolymer technology instead of the traditional
cement. Experiments based on the effect of the ratio of crushed stone (5-10mm) to sand, the ratio of sodium silicate/sodium hydroxide
(SS/SH) in the activated alkaline solution and heat curing time to compressive strength. Experimental results show that the proportion
with the ratio of crushed stone/sand of 75/25, SS/SH ratio of 2 and 10 hours heat curing gives the highest value. Using this proportion
with the same heat curing condition to cast the brick sample, the masonry geopolymer brick products reach compressive and tensile
strength values up to 24,06MPa and 7,51MPa, respectively. This study showed that geopolymer unburnt bricks using crushed stone
can be applied for bearing wall, high-strength pavement bricks, ...
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1. Gi6i thiéu

Cong nghé geopolymer [1] da dugc nghién ctu rong rai va ngay
cang dugc ap dung nhiéu hon vao nganh vat liéu xay dung,
trong d6 chat dinh két cac vat lieu roi rac duoc tao thanh tir qua
trinh hoat héa gitra vat liéu alumino — silicate trong moi truong
dung dich kiém [2]. Cac dic tinh co hoc cla bé tong
geopolymer da duoc nhiéu tac gid nghién cdu va so sanh véi bée
tong xi mang thong thuong [2-4]. Cac nghién ctu cting da chi ra
uu diém vé kha nang giam hiéu tng nha kinh 26-45% cla vat
lieu geopolymer so véi bé tong xi mang thong thuong cting nhu
tan dung dugc ngudn tro bay la phé liéu cua nganh cong nghiep
nhiét dién [3].

Gach khong nung hién nay duoc uu tién st dung voi cac
uu diém than thién moi truong nhu qua trinh san xuat giam thiéu
cac nguyén nhan gay 6 nhiém, doc hai, giam thiéu sir dung tai
nguyén nhu gach nung truyén théng. Nhiéu giai phap nghién
ctu két hop gitta gach khong nung va cong nghé geopolymer
dugc dua ra nhdm dam bao dugc kha nidng chiu luc, tinh bén
cta gach ciing nhu viéc bdo vé nguédn tai nguyen [5]. D€ tng
dung gach khong nung vao sdn xudt cac loai tuong chiu luc cao
thi viec ddm bdo cac yeu cau ky thuat vé hinh dang, cuong do
theo TCVN la can thiét [6].
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Viec st dung da mi thay cat nham cai thién cuong do cta
gach khong nung geopolymer doi hoi phai nghién ciu vé cac
tinh chat co hoc ctia gach. Bai bao trinh bay két qua nghién cdu
su thay d6i cuong do chiu nén, cuong do chiu kéo cua vat liéu
geopolymer véi cac ty lé da mi (5-10mm) thay cat tir 50% dén
90% va ty lé sodium silicate/sodium hydroxide tir 1,5 dén 2,5.

2. Nguyén vat liéu va phuong phap thi nghiém

2.1 Nguyén vat liéu

Nguyén vat liéu sir dung trong thi nghiém la dung dich sodium
silicate NazSiO; két hop voi dung dich NaOH dugc pha ché tir
NaOH tinh khiét dang vdy rdn dé tao nén dung dich hoat héa
Alkaline.

Bén canh do, thi nghiém st dung tro bay loai F theo ASTM
C-618, voi hon 70% oxit SiO, + AlL,Os + Fe,O;, c6 khéi luong
rieng 2500kg/m?, do6 min 94% luong lot qua sang cé co sang la
0,08mm. C6t lieu cat, da duoc loai bo tap chit, rda sach, sang
loc theo thanh phan hat va dugc phéi lai theo vang quy pham
cta tiéu chudn TCVN 7272:2006.

2.1.1  Tro bay

Tro bay (FA) loai F theo ASTM C-618 str dung trong thi nghiém
€6 ngudn goc tir nha may nhiét dién voi thanh phan héa dugc
trinh bay trong Bang 1.
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Béng 1. Thanh phan héa hoc cua tro bay.

Thanh phan hoa hoc SiO, Al,Os Fe,0; CaO K20 + Na,O MgO SOs; MKN(*)
% khoi luong 51,7 31,9 3,48 1,21 1,02 0,81 0,25 9,63
(*) MKN : mat khi nung
2.1.2 Dung dich hoat hoa 2.1.4 DPami

Dung dich hoat héa la sy két hop gitta sodium hydroxide
(NaOH) va sodium silicate (Na,SiOs;). Dung dich sodium
hydroxide c6 néng do 14mol/l duoc pha ché tir tinh thé rdn véi
do tinh khiét 90% c6 khéi luong rieng 2130kg/m’. Dung dich
sodium silicate mau tréng trong, sét dugc st dung c6 ham luong
SiO2/Na,O =3,2 va ty trong 1,42 £ 0,01g/ml.

2.1.3  Cat

Cét dugc strdung 1a cat song, duoc sang ria sach, c6 khéi luong
rieng 2,61g/cm?, khéi lugng thé tich 1,45g/cm?®. Thanh phan hat
cat dugc trinh bay trong Hinh 1.

Da mi dugc ria sach va say kho trudc khi dua vao st dung trong
thi nghiém, c6 kich thudc tr 5-10mm, khéi luong riéng
2,7g/cm?, khéi luong thé tich 1,45g/cm?.

2.2 Cdp phdi

Cap phéi st dung trong thi nghiém nay duoc tinh cho timg t6
mau véi thanh phan ty lé nhu sau:

- Ty le da mi/cat thay déi tir 90/10 dén 50/50

- Ty le sodium silicate/sodium hydroxide thay déi tir 1,5 dén 2,5
- Ty lé dung dich hoat hoa/tro bay la 0,6

Thanh phan cap phdi dugc trinh bay trong Bang 2 voi thoi gian

dudng ho nhiét & 100°C cia mau lan luot 1a 6 gio, 8 gio, 10 gio.
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Hinh 1. Thanh phan hat cta cat.
Béng 2. Thanh phan cap phdi ché tao mau (kg/m?).
A . D.ung Q!Fh Dung dich sodium Ty le
Da mi Cat Tro bay sodium silicate , o Tv l&
Ky hieu hydroxide (SH) Da mi/cat Y
y e SS/SH
(kg/m?) (kg/m?) (kg/m?) (kg/m?) (kg/m?) (%)
Al 1440 160 347,2 1249 83,3 90/10 1,5
A2 1440 160 347,2 132,6 75,8 90/10 2
A3 1440 160 347,2 138,8 69,4 90/10 2,5
B1 1280 320 347,2 124,9 83,3 80/20 1,5
B2 1280 320 347,2 132,6 75,8 80/20 2
B3 1280 320 347,2 138,8 69,4 80/20 2,5
C1 1200 400 347,2 124,9 83,3 75/25 1,5
C2 1200 400 347,2 132,6 75,8 75/25 2
C3 1200 400 347,2 138,8 69,4 75/25 2,5
D1 1120 480 347,2 1249 83,3 70/30 1,5
D2 1120 480 347,2 132,6 75,8 70/30 2
D3 1120 480 347,2 138,8 69,4 70/30 2,5
E1 960 640 347,2 1249 83,3 60/40 1,5
E2 960 640 347,2 132,6 75,8 60/40 2
E3 960 640 347,2 138,8 69,4 60/40 2,5
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ba mi Cat Tro ba sozﬂnmgs(?l!icc:te Dung dich sodium Ty le /e
Ky hie Y hydroxide (SH) P& mi/cat Tyle
C SS/SH
(kg/m’) (kg/m”) (kg/m?) (kg/m”) (kg/m’) (%)
Fi 800 800 347,2 124,9 83,3 50/50 1,5
F2 800 800 347,2 132,6 75,8 50/50 2
F3 800 800 347,2 138,8 69,4 50/50 2,5
C&p phoi st dung ché tao mau gach vai thanh phan duoc trinh bay trong Bang 3 va dudng ho nhiét & 100°C.
Béng 3. Thanh phan cp phéi ché tao gach geopolymer (kg/m?).
P . Qung O.ll.Ch Dung dich sodium Ty le
Da mi Cat Tro bay sodium silicate i o Ty le
Ky hiéu hydroxide (SH) Dda mi/cat -
i SS/SH
(kg/m?) (kg/m?) (kg/m?) (kg/m?) (kg/m?) (%)
TN10 1200 400 347,2 132,6 75,8 75/25 2

2.3 Phuong phép thi nghiém

2.3.1 Nhao tron va dic miu

Céc nguyén vat liéu duoc dinh lugng va nhao tron kho cot lieu
cat, da mi, tro bay. Hon hop sodium hydroxide, sodiumsilicate
duoc cho vao va tron trong 2 phit. St dung khuoén duc tru tron
100x200mm cho cac mau kiém tra cuong do chiu nén, khuon
dic 100x100x400mm cho cac mau kiém tra cuong do chiu kéo,
khuon didc 50x100x200mm cho cac mau gach.

2.3.2 Phuong phap

Céac mau duoc tinh dinh trong 48 gio va thao khuon. Sau do,
mau duoc dudng ho nhiét & 100°C trong céac khoang thoi gian 6,
8 va 10 gio.

Xac dinh cuong do chiu nén va cuong do chiu kéo cia mau.

3. K&t qua thi nghiém

3.1 Anh hudng cia ty & sodium silicate/sodium hydroxide
(SS/SH) va thoi gian dudng ho nhiét dén cuong do chiu
nén

Két qua thi nghiém vé cuong do chiu nén cda mau sau khi

duong ho & cac khodng thoi gian 6 gio, 8 gio, 10 gior dugc thé

hién trong Bang 4.

Bang 4. Cuong do chiu nén (MPa).

Ty le da mi/cat (%)
Ty le SS/SH | Thoi gian dudng ho

90/10 80/20 75/25 70/30 60/40 50/50

6 g 14,02 17,21 19,15 18,29 16,99 15,96

1,5 8 gior 15,22 19,06 21,24 20,01 17,91 16,79
10 gio 16,26 20,52 22,17 20,97 19,06 17,79

6 gio 15,99 19,21 21,43 20,02 18,35 17,46

2 8 gior 17,05 21,12 22,52 21,41 19,87 18,34
10 gio 18,39 22,48 24,2 22,86 20,79 19,04

6 gio 15,14 18,35 20,38 19,37 18,08 16,64

2,5 8 g 16,34 19,97 22,06 20,81 18,92 17,32
10 gio 17,27 21,32 23,02 21,96 19,82 18,43
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b) Cuong do chiu nén cta cac mau voi ty [& SS/SH=2
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c) Cuong do chiu nén cla cac mau voi ty 1é SS/SH=2,5
Hinh 2. Anh huéng cuta thoi gian duong ho dén cuong do chiu
nén clia mau.

Két qud thi nghiém kiém tra cuong do chiu nén & Hinh 2
cho thdy anh hudng cua thoi gian duong ho dén cuong do chiu
nén cda mau. Khi thay déi thoi gian duong ho tir 6 gior 1én 8 gio
thi cuong do chiju nén cda mau tang tir 7,24% dén 8,72% va
duong ho tir 8 gior lén 10 gior thi cuong do chiu nén cda mau
tang tr 5,98% lén 6,34%. Cuong do chiu nén cé xu huodng tang
dan theo thoi gian duong ho & tat ca cac cap phdi va dat cao
nhét sau 10 gio duong ho.

e) Cuong do chiu nén cla cac mau sau 8 gio dudng ho

ceseos SS/SH=15 e SS/SH=2 == wmkem = SS/SH=2,5
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f) Cuong do chiu nén cta cac mau sau 10 gior duong ho
Hinh 3. Anh huéng cta ty le SS/SH dén cuong do chiu nén cta
mau.

Két qua tr Hinh 3 cho thay rang, khi thay déi ty le SS/SH tir
1,5 dén 2 thi cuong do chiu nén clia cac mau ting tir 9,77% dén
11,3% nhung khi ty 1& SS/SH thay ddi tir 2 dén 2,5 thi cuong do
chiu nén cda mau c6 xu huéng giam tir 4,47% dén 5,05%. Nhu
vay cuong do chiu nén cua cac té mau dat t6i uu nhat voi ty lé
dung dich SS/SH la 2.
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3.2 Anh huéng cua ty 1& c6t liéu da mi/cat dén cuong do chiu
nén

Thi nghiém st dung cdp phoi co ty lé SS/SH=2 va dudng ho
nhiét 10 gio dé kiém tra dnh hudng cua ty le da mi/cat dén
cuong do chiu nén. Két qua duoc thé hién trén Hinh 4 cho thdy
rang cuong do chju nén dat cao nhat vai ty lé da mi/cét 1a 75/25.
Cu thé khi tang ty le da mi/cat tr 75/25 len 90/10 thi cuong do
chiu nén giam t&r 7,1% dén 24%, khi giam ty & dat mi/cat tr
75/25 xudng 50/50 thi cuong do chiu nén gidm tir 5,5% dén
21,3%.

OSS/SH=2 10 gio

22,48 24.2 22,86
18,39 19,04

Cuwong d6 chju nén (MPa)
N
o

90/10  80/20  75/25  70/30

TV 18 da mi/cat (%)

60/40  50/50

Hinh 4. Anh huéng caa ty lé da mi/cét dén cuong do chiu nén
trung binh cuta céc t6 mau.
3.3 Cuong do chiu nén, uén ctia miu gach

Hinh 5. Mau gach 50x100x200mm st dung dé kiém tra.

Tur céc két qua phan tich mau vira cho thdy cdp phoi C2
vOi cac ty 1é da mi/cat la 75/25, ty 1é SS/SH la 2 thi cuong do
chiu nén ctia mau dat cao nhat, nén str dung cap phoi C2 dé ché
tao mau gach va kiém tra cac chi tieu co hoc. Két qua cuong do
cla cac t6 mau duoc thé hién & Bang 5. Thi nghiém theo TCVN
6477:2016-Gach bé tong va TCVN 6355:2009 Gach xay —
Phuong phép tha.

Béng 5. Cuong do chiu nén, udn ctia mau gach (MPa).

Ki&m tra Thoi gian dudng Gach
ho 50x100x200mm
6 gid 19,27
Cuong do chju nén
oo ic 21,37
(MPa) 8 gio 3
10 gior 24,06
6 gior 4,18
Cuong do chiu kéo N
(MPa) 8 gio 5,46
10 gior 7,51
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Hinh 6. Anh hudng cta thoi gian dudng ho dén cuong do cua
gach.

Két qua & Hinh 6 cho thdy cuong do chiu nén va kéo uén
cGa mau gach ting theo thoi gian dudng ho nhiét. Cu thé khi
thoi gian duong ho thay déi tir 6 gio dén 8 gior thi cuong do chiu
nén tang 10,87% va cuong do chiu kéo tang 30,68%. Khi thoi
gian duong ho thay déi tir 8 gior dén 10 gio thi cuong do chiu
nén tang 12,59% va cuong doé chiu kéo ciing tang 31,51%.

4. Két luan

Bai bdo nghién ctu thuc nghiém céc tinh chat co hoc cua gach
geopolymer st dung da mi thay cat nham ché tao cac san pham
gach khong nung c6 cuong do cao, than thién véi moi truong.
Tir cac két qua thi nghiém c6 thé rat ra mot s6 két luan nhu sau:

Cac yéu t6 trong thanh phan cdp phdi nhu ty lé dung dich
hoat héa/tro 1a 0.6, ty & da mi/cat, ty 1& SS/SH, thoi gian dudng
ho nhiét quyét dinh cuong do chiu nén caa vat lieu. Cuong do
chiu nén t6i uu nhat cta cdp phdi lén dén 24.2MPa khi st dung
ty le SS/SH 1a 2, ty le da mi/cat 1a 75/25 va duong ho & 100°C
trong 10 gio.

San phdm gach khong nung duoc ché tao tir cdp phdi toi
uu dat cuong do chiu nén la 24,06MPa va cuong do chiu kéo la
7,51MPa. So véi cac loai gach trén thi truong hién nay thi san
phdm gach khong nung geopolymer nay c6 cuong do kha cao.
San phdm gach c6 thé tng dung cho cac loai tvong chiu luc
hodc san xuat gach lat via he c6 kha nang chiu tdi cao.
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