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Tém tat: Sir dung cdt bién thay thé cdt tw nhién, két hop Tro bay véi dung dich kiém hoat héa va phu gia
siéu déo giam nude dé ché tao bé téng Geopolymer. Bé tong Geopolymer thiét ké véi cdc ty 1¢ dung dich
kiém hoat héa va phu gia khodng tir 0,35 dén 0,65. Két qua cho thdy, khi sir dung cdt bién thay thé cdt i
nhién ché tao bé tong Geopolymer thi cuong dg nén giam tir 5 dén 14% cho cdc mdc bé tong twong iing,

bé tong cé mdc chong tham tir W12 dén W14.

Tiwr khéa: Bé tong Geopolymer, Dung dich kiém hoat hoa, Tro bay, Cat bién, Phu gia siéu déo.

1. PAT VAN PE

Trong nhitng ndm gan day, cac cong trinh xdy
dung ndi chung va cong trinh Thuy lgi noi riéng
da dugc xdy dung va phat trién ngay cang nhiéu
nham dap ung yéu cau cong nghiép hoa, hién dai
hoa dit nudc. Pa sb cac cong trinh xay dung déu
theo xu hudng str dung bé tong thong thuong voi
chit két dinh xi miang Poocling truyén thong, day
1a chat két dinh truyén théng c6 uu diém vé tinh
dé thi cong va dam bao do tin cay. Tuy nhién, cac
cong trinh Thuy lgi va cac cong trinh ven bién
chiu tac dong rat manh cua viéc xam thuc bé tong
xi mang, can thiét phai nghién ctiru mot loai vat
liéu moi thay thé va khic phuc hién tugng xam
thuc nay.

Pé timg budc han ché viée sir dung xi ming
Poocling 1am chat két dinh bé tong trong xay
dung va han ché xam thuc bé tong xi mang cho
cac cong trinh bé tong thuong xuyén lam viéc
trong moi truong nude, thi mot loai chét két dinh
kiém hoat hod méi di va dang dwgc nghién ciru,
dan dan ting budc Gng dung vao thuc té xay
dung, d6 1a vat li€u Geopolymer. Vat li¢u
Geopolymer dugc hinh thanh do qua trinh hoat
hoa gitta vat liéu Alumino-silicate trong moi
truong dung dich chira kiém. Trong d6 vat liéu
Alumino-silicate chira cic thanh phan hoat tinh

'Bé mén Vit liéu xdy dung, Khoa Céng trinh

(Si0,"P") va (ALL,O3) ¢6 trong phu gia khoang (tro
bay, xi 10 cao nghién min, tro triu...... ). Qua trinh
phan Ung trong moi truong hoat hda sé tao cac
chudi -Si-O-Al 1am cho vat liéu c6 cuong do va
bén vitng theo thdi gian. Chit két dinh kiém hoat
hoa d6 st dung dung dich kiém hoat héa gdm
dung dich xut va dung dich thuy tinh l6ng, két hop
st dung phu gia khoang vt hoat tinh véi mot sb
hoa chat thong thudng khac (Davidovits. J, 2011).

Do trit lugng cat ty nhién dé san suét bé tong
ctia nudc ta dan dan sé it di, phan bd khong dong
déu & cac ving mién nén nhiéu noi phai nhap
khau cat hodc van chuyén xa, gia thanh ting lén,
thiéu sy chi dong vé ngudn cat dé ché tao bé tong.
Trong khi d6, cac tinh ven bién cua Viét Nam c6
trlr lwong cat bién kha 16n, gia thanh ha, co tai vi
tri xay dung céng trinh. Vi vay, néu su dung duoc
loai cat ndy san xudt bé tong s& c6 thém ngudn cot
liéu min, md rong duoc viéc st dung tai nguyén
thién nhién san c6, giai quyét dwgc mot phan khan
hiém vé cat ding cho bé tong hién nay va vé lau
dai. O mét sé ving khan hiém cat dat tiéu chuan
dé san xuét cho bé tong, nhung sin ngudn cat bién
v6i gia thanh ré, khai thac tai chd, thi viéc str dung
cat bién thay thé cat ty nhién s& gép phan lam
gidm gia thanh bé tong, gidm gia thanh xay dung
cong trinh.

Pé ché tao bé tong Geopolymer, nguoi ta
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thuong str dung cbt liéu min (cat) co chat luong
cao, cu thé 1a cat co cip phdi hat hop 1y, it tap chat
bui, bun, sét...; cat c6 mo dun do 1on My >2 (cat
thd) thoa man tiéu chuan TCVN 7570: 2006. Tuy
nhién, & nuodc ta co trit lugng cat bién kha 16n,
nhung cat bién kha min va c6 md dun d6 16n dudi
2. Vi vay, can phai nghién ctru dua loai cat bién
ndy vao san xudt bé tong Geopolymer cho cic
cong trinh xay dung mdt cach hop 1y.

Trong dé tai sur dung cat bién va cat tu nhién
(cat sir dung dé san xuat bé tong thong thudng),
dung dich kiém hoat hoa gdm NaOH va Na,SiOs,
phu gia khoang Tro bay va cac vat liéu khac dé
thiét ké thanh phan bé tong Geopolymer (BT
GPM). Thong qua két qua thi nghiém, danh gia
anh huong cua cat bién va cat tur nhién dén mot sb
tinh chat cia bé tong Geopolymer.

2. VAT LIEU VA PHUONG PHAP
NGHIEN CUU

2.1. Phu gia khoang

Tro bay (FA): duing loai tro bay nhiét dién lay truc
tiép chua tuyén c6 d6 am 1,05%; khéi luong riéng
2,42 g/en’; khdi luong thé tich xop 1,18 g/em® va
thanh phan hoa hoc cta tro bay nhu sau: SiO, =
51,3%; AlLOs; = 31,65%; Fe,O3 = 3,61%; SO;=
0,29%; MgO = 0,82%; CaO = 0,81% va MKN =
5,24%. Chi sb hoat tinh sau 7 ngay dat 72,6% va sau
28 ngay dat 89,8%. Dién tich bé mit riéng 8600
cm?/g. Kich thudc hat trung binh 7,85 um.

Tro bay dwgc phén tich va két qua thi nghiém
cac chi tiéu co 1y cho thay loai tro bay nghién ciru
thudc loai F, phu hgp TCVN 10302:2014 va
ASTM C618-03.

2.2. Cot liéu

2.2.1. Cét ligu min

Trong nghién ctru s& st dung 2 loai cat dé ché
tao bé tong Geopolymer: Cat bién va cat ty nhién
(cat str dung dé san xuét bé tong thong thuong).

Cat ty nhién: cat duogc léy tr cong trinh va dua
vé kiém tra cac chi tiéu co Iy tai phong thi
nghiém. Cat c6 khéi lwong riéng 2,68 g/cm®; khoi
lugong thé tich xép 1,62 g/cm3 ; 40 rong 39,6%; md
dun 46 16n 2,58; ham lugng ion Clo CI' =

0,0016%; tap chat nam trong pham vi cho phép.
Cat ty nhién dung ché tao bé tong Geopolymer co
thanh phan hat va cac chi tiéu co 1y phu hop
TCVN 7570:2006.

Cat bién: lay tr Quang Ninh vé phong thi
nghiém cac chi tiéu co 1y dugce khéi lugng riéng
2,56 g/cm3; khdi luong thé tich Xép 1,53 g/cm3; do
rong 40,2%; mo dun do 16n 1,85; ham luong hat
nhé hon 0,14mm la 4,8%; ham lugng ion Clo CI
= 0,22%; tap chat nam trong pham vi cho phép.

Mot s chi tiéu co 1y cta cat bién (khdi lugng
riéng, khdi lwong thé tich, tap chit.....) thoa min
yéu cau TCVN 7570:2006. Tuy nhién, vé& thanh
phan hat vd mé dun d6 16n cua cat bién khong
théa man TCVN 7570:2006 (Md]1= 1,85 <2) lado
cat bién min hon rat nhiéu cat ty nhién. Trong thiét
ké thanh phan BT GPM s& diéu chinh ham luong
PGK va phu gia siéu déo hop 1y dé dat dugc cac yéu
cau k¥ thuat cta bé tong thiét ké.

2.2.2. Cét ligu tho

Cot liéu tho (da dim) 1dy ¢ cong trinh xdy
dung va dugc dua vé phong dé thi nghiém phdi
tron thanh cip phdi lién tuc ¢6 Dupey = 20mm, da
dam ¢& (5-20) mm c6 khdi lugng riéng 2,75
g/cm3 ; khéi luong thé tich xép 1,67 g/cm3 ; D6 hat
nudc 1,85%; tap chat nam trong pham vi cho
phép. D4 c6 thanh phan hat va tinh chat co ly dat
tiéu chudn TCVN 7570-2006.

2.3. Dung dich hoat héa

Dung dich hoat hoa 1a hén hop ctia dung dich
Natri hydroxyt (NaOH) va thuy tinh long (Na,SiO3).

Natri hydroxyt dang vay kho c¢6 do tinh khiét
trén 98%. Dung dich Natri hydroxyt co né)ng do
mol theo yéu cau 1a 12M.

Dung dich Natri silicat dugc dat mua co ty 1€
Si0,/Na,0O =2.5.

2.4. Phu gia siéu déo

Pé hdn hop BT GPM c¢6 tinh cong tac t6t thi
hdn hop bé tong thiét ké khong duoc phép xay ra
hién twong phan tang va tach nudc. Khi ché tao
BT GPM d¢ tai nghién ciru da sir dung phu gia
siéu déo giam nudc bac cao goc Polycarboxylate,
giam nudc khoang 40%; thong qua thi nghiém dé
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xac dinh ty 1€ pha tron hgp 1y, dam bao tinh cong
tac yéu cau ciia hdn hop bé tong, ciing nhu diéu
kién thi cong cta bé tong Geopolymer thiét ké.

3. THIET KE BE TONG GEOPOLYMER
VA KET QUA THi NGHIEM

3.1. Thiét ké thanh phan bé tong Geopolymer

Thiét ké va lua chon thanh phin cac loai vat
liéu cuia BT GPM nhu sau:

+ Phu gia khoang (PGK) 1a Tro bay (FA).

+ Dung dich kiém hoat hoa (DD) duoc sir dung
trong thi nghiém d& kich hoat qua trinh
geopolymer hda cua bé tong. Dung dich nay la su
két hop giita NaOH va Na,SiOs, ty 1& khdi lwong
dung dich Na,Si03;/NaOH Ia 2.

+ Ty 1¢ DD/PGK = 0,35; 0,45; 0,55 va 0,65

Dua vao cac ty 1€ lya chon nhu trén, tién hanh
tinh toan thanh phan vét liéu cho cac cap phdi bé
tong khac nhau nhu ¢ trong bang 1.

Bang 1. Thanh phén vit liéu ctia cac cAp phdi bé tong GPM thiét ké

DD/PGK FA DD Cot liéu PGSD
phoi Na,SiO; NaOH Cat bién Pa
(kg) (kg) (kg) (kg) (kg) (liv)
0,35 4978 116,15 58,07 605 1123 6,2
CP2 0,45 463,5 139,03 69,52 605 1123 5.8
0,55 433,6 158,97 79,48 605 1123 5.4
CP4 0,65 407,3 176,48 88,24 605 1123 5,1

Tién hanh tron cac miu bé téng Geopolymer
thiét ké theo cap phdi & bang 1, thi nghiém kiém
tra tinh cong tac ctia cac hon hop bé tong (d6 sut,
Sn). Khi cac hdn hop bé tong dat yéu ciu vé tinh
cong tac, tiép tuc dic mau kiém tra cuong do nén
(R,) va mac chdng thdm cho cac cip phdi bé tong
GPM sir dung cét bién va cat ty nhién.

3.2. Két qua thi nghiém d¢ sut ciia hdn hop
bé tong GPM

Tron cac hdn hop bé tong GPM vé6i cip phdi da
thiét ké nhu trong bang 1, st dung non cut ti€u
chuén thi nghiém x4c dinh d6 sut cia cac hdn hop bé
tong (HHBT) theo tiéu chuin TCVN 3106:2007.
Két qua thi nghiém do sut (Sn, cm) cta cac hdn hop
bé tong thé hién nhu trong bang 2.

Bing 2. Két qua thi nghiém dd sut
cac hon hgp bé tong GPM

DD/PGK DQ s,ut, Sn (cm) ’
BT GPM cit bién BT GPM cattirnhién
0,35 16,5 18,8
0,45 18,3 20,6
0,55 20,5 22,7
0,65 20,9 233
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Nhdn xét: Tu két qua veé do sut cua cac HHBT
& bang 2 nhan thiy, khi ty 1& dung dich kiém hoat
hoa va phu gia khoang (DD/PGK) tang 1én thi do
sut cia HHBT GPM sir dung cat bién ting 1én,
tang tr 16,5 cm 1én 20,9 cm twong ung vadi ty 1€
DD/CKD = 0,35 dn 0,65. Khi sir dung cat tu
nhién, thi d6 sut tang 1én tr 18,8 cm dén 23,3 cm
tuong tng. B6 sut cia HHBT GPM sur dung cat
bién giam to 2,2 cm dén 2,4 cm so v6i HHBT
GPM sur dung cat tu nhién; tuy nhién van dam bao
yéu cau thi cong bé tong GPM theo TCVN
8218:2009 va TCVN 9139:2012. Piéu nay cho thiy
cat bién min hon, hit nudc manh hon cat tw nhién
rat nhidu (M6 dun d6 16n cia cat bién Mg = 1,85;
con cat tuy nhién My = 2,58) s€ lam cho dd sut
gidm manh. Sy c6 mdt cua phu gia siéu déo gidm
nudce bac cao gde Polycarboxylate trong BT GPM
st dung cat bién 1a rat can thiét dé duy tri d6 sut
cua HHBT trong qua trinh thi cong.

Trong qué trinh 1am thi nghiém quan sat hon
hop BT GPM sau khi trén ciing thdy duoc do
d6ng nhat ctia cac hdn hop bé tong tuoi rat tot,
khong ¢ hién twong phan ting va khong xuat hién
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tach nudce tai mép ria ngoai cia HHBT sau khi
tron va sau khi lam thi nghiém kiém tra do sut.

3.3. Két qua thi nghiém cwong dd nén va
mac chong thim ciia bé tong GPM

Pé kiém tra cuong d6 nén va mac chéng
thim cua cac cap phdi bé tong GPM, tién hanh
dtc cac t6 mau thi nghiém duoc ché tao theo
TCVN 3105:1993, cac mau bé tong sau khi duc
s& duoc thao khudn, bao dudng trong didu kién
tiéu chuan cho dén khi mau du ngay tudi thi
nghiém; thi nghi¢m kiém tra cuong do nén va
mac chéng tham cua cac cép phéi bé tong GPM
& 28 ngay tudi.

Két qua thi nghiém cuong d6 nén ¢ 28 ngay
tudi ciia cac cip phdi bé tong GPM thiét ké nhu
trong hinh 1.
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Hinh 1. Biéu do so sanh cuong do nén cia
cdc cdp phéi BT GPM

Nhdn xét: Tir két qua thi nghiém cudng do
nén cua cic cap phdi BT GPM thiét ké nhan
thdy: tat ca cac cip phdi BT GPM thiét ké co
cudng do nén ¢ tudi 28 ngay déu dat mac trén
30 +~ 60 MPa tuong ung véi céc ty 1€ Dung dich
kiém hoat hoa (DD)/Phu gia khoang (PGK):
DD/PGK = 0,65 + 0,35; mac BT GPM thiét ké
pht hop v6i mot sé mac bé tong thi cong cho
cac cong trinh Thuy lgi.

Cuodng d6 nén cia cac mau BT GPM ché tao
bang cat bién giam tir 5% dén 14% so véi cac mau
BT GPM ché tao bﬁng cat ty nhién, sy giam
cuong do nén nhu vay ciling khong phai 1a chénh
1énh qua nhiéu khi thay thé cat bién bang cat tu
nhién. Nhu vy, viéc thay thé cat bién bang cat tu

nhién dé ché tao BT GPM la kha thi. Bén canh d9,
BT GPM c6 tinh bén axit, bén sunfat nén st dung
cat bién dé ché tao BT GPM s& rat phu hop cho thi
cong cac cong trinh ven bién va cc cong trinh co
cac tdc nhan gay xam thuc bé tong.

V& mac chong thdm thi ca 2 loai BT GPM
ché tao bﬁng cat bién va cat ty nhién déu dat
mac chdng thim rit cao, mac chong tham déu
dat tt W12 (tuong tng véi CP3 va CP4) dén
W14 (twong Gmg voi CP1 va CP2. Khi thiét ké
thanh phan bé tong GPM véi ham luong pha
tron phu gia khoang (FA) va dung dich hoat
hoa, két hop phu gia siéu déo giam nudc hop Iy
s& dugc mot loai bé tong GPM c6 mac chong
thim rat cao, st dung cho tit ca cic cong trinh
Thuy loi c6 yéu cau cao vé chong thim, chng
xam thuyec.

4. KET LUAN

Khi sir dung cat bién thay thé cat tu nhién ché
tao BT GPM thi cuong do nén cua BT GPM cat
bién giam tir 5 dén 14% so voi BT GPM st dung
cat tw nhién. Mac chdng thdm thi twong duong
nhau, déu dat tr W12 dén W14.

Tir cac két qua thi nghiém cua BT GPM sir
dung cét bién déu dat mac trén 30 + 60 MPa tuong
g vai cac ty 1é Dung dich kiém hoat hoa/tro bay
= 0,65 + 0,35, bé tong thiét ké phu hop v6i mot sb
mac bé tong thi cong cac cong trinh Thuy lgi va
cong trinh ven bién. Qua do6 cho th?iy, viéc nghién
ctru va dua vao sir dung cat bién thay thé cat tu
nhién dé san xuat BT GPM la rat can thiét ¢ ving
ven bién c6 ngudn cat bién ddi dao. Khi st dung
loai cat bién nay trong ché tao BT GPM s& ¢
thém ngué)n ¢t liu min doi dao, tan dung duogc
tai nguyén thién nhién sin c6 tai chd, giai quyét
mdt phan khan hiém vé cat dung cho bé tong hién
nay va vé lau dai.

Khi st dung cat bién ché tao BT GPM muén
dat duoc cac loai bé tong c6 mac chéng thdm cao,
phu hop thi cong céc cong trinh Thuy lgi va cong
trinh bién, can thiét phai diéu chinh ham lrong
PGK, dung dich hoat hoa va phu gia si€u déo hop
Iy trong thiét ké BT GPM. Viéc st dung cat bién
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thay thé cat tr nhién dé san xuit BT GPM ung ven bién 12 rat trién vong, can duoc nghién clru va
dung cho cac cong trinh Thuy lgi va cong trinh  dua vao thir nghiém véi cac cong trinh thuc té.

TAI LIEU THAM KHAO

Davidovits. J (2011), Geopolymer Chemistry and Application, 3" edition, Geopolymer Institute.

Feng Rao, Qi Liu, (2015), Geopolymerization and Its Potential Application in Mine Tailings
Consolidation: A Review, Mineral Processing and Extractive Metallurgy Review 36.

Palomoa, P. Krivenkob, I. Garcia-Lodeiroa, E. Kavalerovab (2014), A review on alkaline activation:
New analytical perspectives Materiales de construccion, vol 64, No 315.

S.V. Joshi and M.S. Kadu (2012), “Role of akaline activator in development of Eco-friendly fly ash
based Geopolymer Concrete”, International Journal of Enviromental Science and Development,
vol.3 (5), pp. 417- 421.

Sarker. P., A (2008), Constitutive model for fly ash based Geopolymer concrete. Architecture Civil
Engineering Environment.

Turner. L. K va Collins. F. G (2013), Carbon dioxide equivalent (CO,-¢) emissions: A comparison
between geopolymer and OPC cement concrete, Construction and Building Materials, vol.43, pp.
125-130

XU. H, Van Deventer. J.S.J (2000), the geopolymerisation of alumino-silicate minerals, International
Journal of Mineral Processing, vol.59, pp. 247-266.

Abstract:
RESEARCH ON USING OF SEA SAND AND FLY ASH
TO MANUFACTURE THE GEOPOLYMER CONCRETE

Using sea sand to replace natural sand, combining Fly ash mineral additive with alkaline-activated
solution and water-reducing superplasticizer to manufacture the Geopolymer concrete. Geopolymer
concrete designed with alkaline-activated solution and mineral additive ratios from 0.35 to 0.65. The
results showed that, when using sea sand is considered for making Geopolymer concrete by completely
replacing natural sand, the compressive strength decreased from 5 to 14% for the corresponding grades
of concrete, concrete with waterproof grade reach from W12 to WiA4.

Keywords: Geopolymer concrete, Alkaline-activated solution, Fly ash, Sea sand, Superplasticizer.
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