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THU'C NGHIEM NGHIEN CUU CHE TAO GACH KHONG
NUNG GEOPOLYMER TRO BAY

Lé Phwong Thanh!
TOM TAT

Bai viét dé cdp dén viéc thue nghiém ché tao gach khéng nung geopolymer tro bay,
véi kich thuée vién gach la 220x105x60mm. Gach khong nung geopolymer tro bay dwoc ché
tao tir tro bay va cdt séng véi cdc ty 1é khdc nhau 9:1, 8:2 va 7:3 theo khéi lwong. Dung dich
kiém kich hoat gom NaOH 8M va thuy tinh long theo ty 1é ¢é dinh 1:2,5. Ty 1é dung dich
kiém kich hoat/ tro bay 6 dinh la 0,25. Cac vién gach duoc ché tao va bao duong o nhiét
dé 60°C trong thoi gian 24 gio. Cdc thi nghiém vé dg hit nuée va cuwong dé nén cho thdy gach
geopolymer ¢6 cuong dg nén cao hon 10MPa chi sau 7 ngay va dg hit nuée thap hon 4%.

Tw khoa: Gach geopolymer, tro bay, gach khong nung.

1. DPAT VAN BE

Geopolymer 14 loai vat liéu dinh két polymer v6 co, duoc phat trién dau tién bsi nha
khoa hoc nguoi Phap Joseph Davidovits tir nhitng nam 1970 [13,14,15]. Phan ung
geopolymer héa 1a mot phan ing hoa hoc dién ra giira cac oxit ciia nhom va silic véi dung
dich ¢6 tinh kiém manh dé tao ra cac mach c6 cau trac ba chiéu ran chéic chua céc lién két
Si-O-Al. Qua trinh geopolymer héa cac nguyén liéu dugc thé hién trong hinh 1.
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Hinh 1. Qua trinh geopolymer héa
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Theo céc tai liéu nghién ctru cia cac nha khoa hoc, bat ky dung dich kiém manh nao
ciing c6 thé dugc sir dung dé 1am chét kich hoat cho viéc tao ra geopolymer. Cac dung dich
kiém duoc su dung phé bién nhét 1a NaOH hoic KOH va Na,SiOs hodc K3SiOs. Tuy nhién,
theo nghién ciru ctia Palomo va cong su (2004), dung dich kiém NaOH c6 chira silic hoa tan
nhu dung dich natri silicat (Na>Si03) hodc kali silicat (K2Si03), thi phan tng geopolymer
hoa xdy ra @ mot ty 1€ cao hon so voi khi chi c6 hydroxit kiém duoc sir dung dé kich hoat.
Mat khéc, tang néng dd mol cua dung dich kiém s@ tao ra sy hoa tan 16n hon cua nguyén
lidu[11,12,16]. Két qua la cudng do nén cua geopolymer sé ting 1én cung véi viée ting ndng
d6 mol ctia dung dich kiém. Fernandez-Jimenez két luan rang st dung NaOH 12,5M mang
lai cuong d nén cao hon khi st dung NaOH 8M [5].

Tro bay 1a mét loai phé thai cong nghiép nguy hai ctia nha may dién chay than. Hién
nay, cac nha khoa hoc trong va ngoai nudc da va dang nghién ctru tng dung tro bay trong
nhiéu linh vuc nhu: xay dung, nong nghiép, composite... nham giam thiéu tic dong dén
moi truong cua loai chét thai nay. Trong sb tng dung d6, san xuit gach khong nung dang
duoc quan tAm nghién ctru va phat trién. Gach khong nung tro bay két hop voi xi ming
Portland hoic véi voi va thach cao di duoc nghién ctru va tmg dung thanh cong trén thé
gidi. Bén canh d6 di c6 mot sé nghién ciru ché tao gach khong nung tro bay geopolymer
nhu: Banupriya va cong su (2016), da tién hanh cac thi nghiém dé nghién ctru Gng xir ctia
gach geopolymer sir dung tro bay va xi 16 cao. Raghunathan va cong sy (2010) da ché tao
gach sir dung xi mang, bun d6 va cat vai ty 1& 1:1,7:3,5 thu dugc cudng do nén 3,73 N/cm?.
Gach khong nung tro bay ché tao theo phuong phap geopolymer 1a mot phuong phap xanh,
g6p phan bao vé moi truong [6, 8]. Tuy nhién sé luong cac nghién ctru con han ché, mit
khac cac tinh chat ctia geopolymer phu thudc nhidu vao chat lugng cua tro bay [4]. Trong
khi d6, mdi nha may nhiét dién chay than thai ra loai tro bay c6 tinh chit khac nhau [1].
Vi viy, nghién ciru thyc nghiém ché tao gach khong nung geopolymer tro bay ciia nha
may nhiét dién Pha Lai la can thiét.

2. NOI DUNG
2.1. Vat liéu va phuwong phap nghién ciru
2.1.1. Vat liéu

Nguyén vat liéu dé ché tao gach khong nung geopolymer tro bay bao gom: tro bay,
cat, dung dich NaOH 8M, thuy tinh 1ong Na,SiO; theo so d6 hinh 2.

Tro bay Cat Alkaline €= NaOH

l 1 NaxSiO3

Gach khong nung Geopolymer tro bay

Hinh 2. So' d6 vt liéu sir dung ché tao gach Geopolymer tro bay
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Tro bay (FA)

Tro bay sir dung trong nghién ctru 1a tro bay Vina F&C 14y tir tro thai cta nhiét dién
Pha Lai, thi xa Chi Linh, tinh Hai Duong. Thanh phﬁn hoa hoc cua tro bay thi nghiém duogc
kiém tra tai Vién vat liéu xay dung (bang 1), dat yéu cau cua tro bay loai F theo tiéu chuan
ASTM C618 -03 (2003).

Bang 1. Thanh phén héa hoc ciia tro bay tinh theo % khéi lwgng

SiO; | AlLO3 | Fe;O3 | CaO | MgO | KO | NaO | TiOq SO; Loi*
51,74 | 24,53 5,59 0,81 1,95 4,42 0,11 0,76 0,31 8,98

(*: Lwong mdt khi nung)

Bang 2. Chi tiéu vat ly cia tro bay

STT Chi ti€u thi nghiém Phuong phap thu Pon vi Két qua
1 [Pdam 14TCN 108:1999 % 0,31
2 [Khdi luong thé tich xdp TCVN 4030:2003 | kg/m3 920
3 |Khdi luong riéng TCVN 4030:2003 g/cm3 2,39
4 |Bo min (lugng sot trén sang 0.08) | TCVN 4030:2003 % 6,93
Cat song

Cat st dung trong nghién ctru ndy 1a cat séng M4, 1ay tai mo cat Tao Xuyén, Thanh
Hoa. Céc chi tiéu vat Iy dugc xac dinh trong bang 3.

Bang 3. Chi tiéu vat ly cua cat

STT Chi tiéu thi nghiém Phuong phap thir Pon vi Két qua
1 [Khdi luong riéng kho TCVN 7572-4 : 2006 g/cm’ 2,63
3 [Khéi luong thé tich xdp TCVN 7572-6 : 2006 T/m? 1,42
3 [Pohdng TCVN 7572-6 : 2006 % 49,73
4  |Ham luong bui, bun, sét TCVN 7572-8 : 2006 % 0,68

Dung dich kiém kich hoat (AK)

Dung dich kiém kich hoat 12 hdn hop cua dung dich kiém manh (NaOH 8M) va thuy
tinh 16ng (Na,Si03). Dung dich xtt dugc diéu ché tir NaOH dang vay kho (dd tinh khiét
98%) pha véi nudc dé dat duoc ndng dd mol yéu cau. Thuy tinh 1ong st dung san pham
ctia nha may hoa chét Viét Tri c6 ty 1¢ Na,O/SiO/H,O tuong tng 1a 11,8/28,5/59.7% theo
khoi lugng. Lua chon pha tron dung dich kiém kich hoat theo ty 1€ khoi luong
Na,SiO3/NaOH = 2,5.

2.1.2. Phwong phdp ché tao mdu

Ty l¢ phéi tron vat liéu: Tro bay va cat dugc phéi tron theo mat ty 1€ dugc dé xuét
trong bang 4.
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Bang 4. Ty 1 phéi tron nguyén liéu ché tao gach geopolymer tro bay

Tén mau Tro bay (FA) (%) | Cat (Sand) (%) AK/FA Ghi cha
Ml 90 10 0.25 Nhict do <&
¢t do say
M2 80 20 0.25 o
60°C, 24h
M3 70 30 0.25

Thiét bi ché tao mau gach

Thiét bi ché tao mau gém 4 bo phan chinh: (1) Bo phan dinh lwong nguyén liéu lam
bang t6n 2mm, (2) bd phan khuén (gdm xilanh va pitton) 1am bang thép 10mm c6 kich
thudc 220x105mm, chiéu cao xi lanh 160mm, (3) khung ép 1am bang thép V75x75x5mm
va (4) kich thuy luc 20 tAn. Thiét bi duoc ché tao tai xuong thuc hanh khoa Ki thuat Cong
nghé, Truong Pai hoc Hong Ptic (hinh 3).

Hinh 3. Thiét bi ché tao miu gach Hinh 4. M4u gach geopolymer tro bay sau
khong nung trong phong thi nghiém khi ché tao va bio dudng

Ché tao mau

Vién gach ché tao c6 kich thudc tiéu chuin 220x105x60mm. Tro bay va dung dich
akaline dugc tron trude voi nhau bang may tron trong thoi gian 5 phit sau d6 cho cat vao
tron tiép trong thoi gian 2 phut. Sau khi tron xong hdn hop duoc dua vao khudn va dugce ép
tao mau bang thiét bi ép thuy luc 20 tin (hinh 3). Mdi mau ché tao 30 vién (hinh 4).

2.1.3. Bdo dwéng mau

MAu sau khi ché tao dugc dua vao 10 séy & nhiét d6 60°C (hinh 5) trong thoi gian
24h, sau d6 duoc dua ra 16 va on dinh & nhiét d6 phong trong vong 3 ngay trude khi dua
di thi nghiém.
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Hinh 5. May say 300°C Hinh 6. Thiét bi nén miu 100T

2.1.4. Phuwong phap thi nghiém
2.1.4.1. Kich thuée, mau sdc va khuyét it ngoai quan

Kich thudc, mau sic va khuyét tat ngoai quan duoc xac dinh theo TCVN 6477 (2016).
St dung mat thuong dé danh gia mau sic va khuyét tat ngoai quan, ding thudc 14 co do
chinh xac 1mm va thudc kep c6 do chinh xac 0,1mm dé xac dinh kich thuéc mau gach. Moi
mau lay 3 vién, mdi vién do kich thuéc & 3 vi tri gdbm 2 dau va giira.

2.1.4.2. Cwong do nén

Sau thoi gian bao dudng cac vién gach duoc ché tao tir thiét bi nén tinh. Tién hanh
kiém tra cudng d6 nén cia cac miu bang may nén co cong suat 1000kN véi téc do gia tai
0,5MPa/s. Thuc hién nén mau thir tirng vién don 1¢ (mdi mau thir nén 3 vién) cho dén khi bi
pha hiy do duoc luc nén 16n nhat Puay (N). Cuong d6 nén dugc xac dinh theo tiéu chuan
TCVN 6477 (2016):

R=P__ K
S

Trong d6: S 1a gia tri trung binh cdng dién tich hai mit chiu nén (mm?). K 14 hé 6
hinh dang 14y bang 0,68. Két qua thi nghiém cudng do nén 1a gia tri trung binh cta nén
3 vién riéng 1¢é.

2.1.4.3. Bo hut nuwoc

Do hut nuéde duge xac dinh theo TCVN 6355-4 (2009). Mbi mau th 1dy 5 vién gach
mang say kho & nhiét do 105°C dén 115°C cho t6i khi khdi luong gach khong doi gitta hai
lan can lién tiép (chénh léch khong 16n hon 0,2%), can duoc khéi lugng (mo). Ngdm méu
thir vao nudc sach trong 24h ¢ nhiét do 27+2°C. Vét mau ra, dung khan am thdm bé mat
mau thtr va can méu ngay 1ap tirc duoc khdi lwgng bao hoa nudce (my). Két qua thi nghiém
la gia tri trung binh cua 5 vién gach.

—m,

Do hut nuée % tinh theo khéi lugng = 22— 100
m,
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2.2. Két qua va thao ludn

2.2.1. Kich thuée, mau sdc va khuyét tdt ngoai quan

Bang S. Két qua xac dinh kich thuée, mau sic va khuyét tat ngoai quan

Miu | Dai (mm) éﬁ’;ﬁ Cao (mm) Vz‘;"gﬁ : Khuyét tit | Mau séc

M1 220 105 59,8 0 Khong X4am tring
M2 220 105 60,0 0 Khong X4am tring
M3 220 105 60,1 0 Khong Xam tring

Céac miu gach ché tao co kich thude yéu cau 220x105x60mm vé6i d6 sai sb theo chiéu
cao (bang 5) & mau M1 (-0,2mm), mau M3 (+0,1mm), va khong co sai s6 theo chiéu dai,
rong. Cac bé mit caa vién gach c6 do ph'fmg cao, nhan, min. Nhu vay, cac vién gach ché tao
thi nghiém phu hop véi tiéu chuan TCVN 6477:2016.

2.2.2. Cuong do nén

Cuong do nén duoc thi nghiém & tudi 7 ngay va 28 ngay. Két qua thi nghiém thé hién
trong bang 4 va hinh 7.

Bang 4. Két qua thi nghiém cwong dd nén theo thoi gian

o a Cuong d6 nén (MPa)
Tén mau
7 ngay 28 ngay
M1 8,56 14,55
M2 10,39 16,07
M3 10,99 16,25
18
16
< 14
-
% 12
£ 10 m 7 ngay
=
$ 8- i
o0 m 28 ngay
£ 6
5
O 4 4
2 .
0 .

Ml M2

M3

Hinh 7. Biéu d6 két qua thi nghi¢ém cuong d9 nén theo thoi gian
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Nhan xet

Cudng do nén ting theo thoi gian tai tit ca cic mau, didu nay cling phu hop véi cac
két qua nghién ctru di dugc cong bd vé geopolymer (cudng do phat trién theo thoi gian
tuong ty nhu xi mang portland).

Cudng do nén ting khi ting ham lugng cat tir 10% dén 30%, 1y do ham luong cat
ting gop phan ting d6 dic chic cho cdc miu gach. Tuy nhién, theo két qua thi nghiém
thi cuong d6 nén mau M2 ting dang ké so v&i mau M1 va thip hon khong dang ké so
v&i mau M3.

Cac mau gach M1 dat mac M12,5 va cac mau gach M2, M3 dat mac M15 & tudi 28
ngay theo TCVN 6477 (2016).

2.2.3. B¢ hut nuoc

Do hat nude duge thi nghiém cho hai thoi diém 7 ngay va 28 ngay tudi. Két qua thi
nghiém thé hién trong bang 5 va hinh 8.

Biang 5. Két qua thi nghiém dd hit nwéc 24h

. Do hit nude 24h (%)
Tén mau
7 ngay 28 ngay
M1 3,8 3,00
M2 3,64 2,80
M3 3,24 2,60
4
3.5
~ 3
X
E= 2.5 4
N 7 ngay
&
;g 2 .
: by
:.é 15 | M 28 ngay
(=1
]

Ml M2 M3

Hinh 8. Biéu d6 két qua thi nghiém d hut nuéc 24h

Nhén xét: Do hut nude 24 gid cia cac mau gach déu giam theo thoi gian va giam
khong dang ké khi tang ham luong cat tir 10% (mau M1) dén 30% (miu M3). Cac gi tri thi
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nghiém déu cho do hut nudce twong d6i thap (nhé hon 4%) thoa man tiéu chuan TCVN 6477
(2016) (d6 hiit nudc yéu cau < 12%).

3. KET LUAN

Két qua thi nghiém budc dau ché tao dugc cac mau gach khong nung geopolymer tro

bay dat M12,5 va M15 va théa min cac yéu cau vé do hat nude 24 gio, kich thude, khuyét
tat ngoai quan theo TCVN 6477:2016.

Do s6 luong loai mau cua thi nghiém con it nén chua thé danh gia hét dudng cong anh

huong khi thay d6i ham luong cat va tro bay ciing nhu viée thay d6i ndng do mol ciia NaOH,
ty 1&¢ AK/FA, ty 1€ Na>Si103/NaOH va gia thanh.
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EXPERIMENTAL INVESTIGATION ON FLY ASH BASED
GEOPOLYMER BRICKS

Le Phuong Thanh

ABSTRACT

This paper presents the experimental study of fly ash based geopolymeric bricks with

the size of 220x105*x60mm. The bricks were produced from fly ash and river sand with fly
ash to sand ratios by weight of 9:1, 8:2, and 7:3. The activated alkaline solution including
NaOH 8M and liquid glass in a fixed ratio of 1: 2.5 was used. The activated alkaline solution
to fly ash ratio was 0.25. The bricks were made and maintained at a temperature of 60°C
for 24 hours. Test results indicates that the compressive strength of bricks are higher than

10 MPa after 7 days and their water absorption is less than 4%.
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