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NGHIEN CUU ANH HUONG CUA DUNG DICH KIEM HOAT HOA
PEN MOQT SO TiNH CHAT CUA BE TONG GEOPOLYMER

Nguyén Quang Phu', Ngé Thi Ngoc Vin'

Tém tit: Thiét ké thanh phan bé tong Geopolymer thay déi ty 1é dung dich kiém hoat héa (NaOH va
Na>SiO3) va hon hop phu gia khodng (Xi 16 cao hoat tinh va Tro bay) tuwong vmg la 0.3, 0.4, 0.5 va 0.6. Sit

dung dung dich kiém hoat héa véi ty 1é sodium silicate va sodium hydroxide la 2.0. Két qua cho thdy

khi ty 1¢ dung dich kiém hoat héa tang lén thi cwong d va tinh cong tac ciia bé tong Geopolymer ting

lén, qua trinh hoat hoa dién ra triét @é hon.

T khoa: BE tong Geopolymer; Dung dich kiém hoat hoa; Cuong dd nén; Sodium silicate; Sodium

hydroxide.

1. PAT VAN PE

Chat két dinh kiém hoat hoa sir dung bao gdm
dung dich kiém hoat hoa (dung dich xtt va dung
dich thuy tinh 1ong), két hop st dung phu gia
khoang vat hoat tinh v&i mot s6 hoa chit thong
thuong khac (Davidovits. J, 2011). Co ché cua
chit két dinh mdi nay chi yéu 1a quéa trinh
polymer hoa cac thanh phan dioxit silic ¢6 trong
phu gia khoang dé tao ra lyc két dinh, hinh thanh
bo khung v6 co bén virng, c¢6 kha nang chiu luc
t6t. Chat két dinh méi nay goi 1a chat két dinh
Geopolymer. Bé tong duoc san xudt tir loai chit
ké dinh nay goi 1a bé tong Geopolymer, nghién
clru va san xuat loai bé tong nay s& tirng budc han
ché viéc sir dung xi miang Poocling lam chat két
dinh san xuit bé tong thong thudng trong xay
dung hién nay.

Khi thay d6i néng do va ty 1& cua dung dich
kiém hoat hoa (DD) thi vai tro ctia dung dich hoat
hoa s& anh hudng dang ké dén cudng do va mot sd
tinh chit cua vét liéu bé tong Geopolymer (BT
GPM). Ngoai ra, mot sd nghién ciru ciing chi ra
rang khi ham luong (SiO, + ALO;) ¢6 trong Phy
gia khoang (PGK), sy thay d6i trong thanh phan
sodium silicate va sodium hydroxide trong dung
dich kiém hoat hoa ciing anh huong dén tinh chat

'Bé mén Vit liéu xdy dung, Khoa Cong trinh

cua bé tong Geopolymer (S.V. Joshi va M.S.
Kadu, 2012).

Trong dé tai str dung dung dich kiém hoat hoa
gébm NaOH va Na,SiOs, phu gia khoang (PGK)
gém Tro bay va Xi 10 cao hoat tinh lam chét két
dinh kiém hoat hoa dé san xuat BT GPM. Thay
d6i ty 16 DD/PGK dé thiét ké thanh phan BT
GPM. Théng qua két qua thi nghiém, danh gia anh
huong cta ham luong dung dich kiém hoat hoa
dén mot sd tinh chét cia BT GPM.

2. VAT LIEU VA PHUONG PHAP
NGHIEN CUU

2.1. Phu gia khoang

2.1.1. Tro bay

Tro bay (FA): dung loai tro bay nhiét dién liy truc
tiép chua tuyén c6 do am 1,15%; khdi luong riéng
2,19 g/em’; khdi lugng thé tich xdp 0,955 g/em’® va
thanh phan hoa hoc cta tro bay nhu sau: SiO, =
52,3%; ALOs; = 30,65%; Fe,O3 = 7,61%; SO;=
0,29% va MKN = 2,84%.

Tro bay duoc phén tich va két qua thi nghiém céc
chi tiéu co Iy cho thiy loai tro bay nghién ctru 14 tro
bay hoat tinh loai F phu hgp TCVN 10302:2014 va
ASTM C618-03.

2.1.2. Xi lo cao hoat tinh

Xi 16 cao hoat tinh nghién min tir cong ty Hoa
Phat c6 khéi lugng riéng 2,67 g/em’, ty dién tich
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bé mit (d6 min) 3600 cm*/g. Xi 16 cao hoat tinh
c6 thanh phin hoa hoc co ban: SiO, = 36,38%;
ALO; = 15,76%; Fe;O3 = 0,55%; SOs= 1,25% va
MKN = 0,91%. Cac chi ti€u co ly cia xi 10 cao
hoat tinh théoa man TCVN 11586:2016 va BS EN
15167-1:2006.

2.2. Cot liéu

2.2.1. Cét ligu min

Cbt liéu min (cat) trong thi nghiém sir dung cat
tu nhién, cat duoc léy tor cong trinh va dua vé
kiém tra cac chi tiéu co Iy tai phong thi nghiém.
Cét co khdi Iugng riéng 2,66 g/cm®; khéi luong
thé tich xép 1,62 g/cm3; do rong 39,1%; mo dun
d6 16n 2,56; tap chat nam trong pham vi cho phép.
Cét ding ché tao bé tong Geopolymer cé thanh
phan hat va cic chi tiéu co 1y phu hop TCVN
7570:2006.

2.2.2. Cét ligu tho

Cbt liéu tho (da dam) ldy & cong trinh xay dung
va duoc dua vé phong dé thi nghiém. Pa dam c& (5-
20) mm dugc phdi tron thanh cap phdi lién tuc co
Diax = 20mm, da c6 khdi lwong riéng 2,78 g/em?’;
khdi lwong thé tich xop 1,68 g/em®; d6 hut nuwéc
0,55%; tap chat ndm trong pham vi cho phép. Pa c6
thanh phan hat va tinh chit co 1y dat tiéu chuin
TCVN 7570-2006.

2.3. Dung dich hoat héa

Dung dich kiém hoat héa 13 hén hop cua dung
dich Natri hydroxyt (NaOH) va thuy tinh long
(Na;SiOs).

Natri hydroxyt dang vay kho c¢6 do tinh khiét
trén 98%, khoi luong riéng 1a 2,13 g/cm’. Dung

dich Natri hydroxyt c6 néng do mol theo yéu cau
la 16M.

Dung dich Natri silicat (Na;SiO3) dugc dat
mua cd ty 1€ SiO,/Na,0O = 2,5 va ty trong
1,42+0,01 g/en’.

2.4. Phu gia siéu déo

Pé hdn hop BT GPM ¢ tinh cong tac t6t thi
hdn hop bé tong thiét ké khong duoc phép xay ra
hién tuong phan tang va tach nude. Khi ché tao
BT GPM dé tai da sir dung phu gia siéu déo giam
nudc bac cao AM-S50 gbc Polycarboxylate, giam
nudc khoang 40%; thong qua thi nghiém dé xéac
dinh ty 1€ pha tron hop ly, ddm bdo tinh cong tac
yéu cau cua hdn hop bé téng, ciing nhu diéu kién
thi cong cia BT GPM thiét ké.

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

3.1. Thiét ké thanh phin bé tong
Geopolymer

Thiét k& va lwa chon thanh phin cac loai vat
liéu cua BT GPM nhu sau:

+ Phu gia khoang (PGK) gdm Tro bay va Xi 16
cao hoat tinh véi ty 1€ FA: GBFS =75:25

+ Dung dich kiém hoat hoa (DD) duoc st 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 luong
dung dich Na,Si03/NaOH la 2,0.

+ Ty I¢ DD/PGK = 0,30; 0,40; 0,50 va 0,60

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

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

PGK DD Cot lidu
Cap PGSD
iy DD/PGK FA GBFS Na,SiO; | NaOH | Cat P4

phoi

(kg) (kg) (kg) (kg) (kg) (kg) (liy)
CP1 0,30 345 115 92,00 46,00 | 552 1286 5,5
CP2 0,40 345 115 122,67 61,33 | 552 1286 5,5
CP3 0,50 345 115 153,33 76,67 | 552 1286 5,5
CP4 0,60 345 115 184,00 92,00 | 552 1286 5,5
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Tién hanh tron cac miu BT GPM thiét ké
theo cip phdi ¢ bang 1, thi nghiém kiém tra tinh
cong tac ctia cac hon hop bé tong (do sut, Sn).
Khi cac hdn hop bé tong dat yéu cau vé tinh
cong tac, tiép tuc duc mau kiém tra cudong do
nén (R,) va cuong do kéo khi udn (Ry) cho cac
cap phdi bé tong.

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

Tron cac hdn hop bé tong GPM véi cp phdi
da thiét ké nhu trong bang 1, sit dung non cut ti€u
chuén thi nghiém xac dinh do sut cia cac hon hop
bé tong (HHBT) theo tiéu chudin TCVN
3106:2007. Két qua thi nghiém dé sut (Sn, cm)
ctia cac HHBT thé hién nhu trong bang 2.

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

Cip phdi DD/CKD Do sut, Sn
(cm)
CP1 0,30 16,8
CP2 0,40 19,6
CP3 0,50 20,5
CP4 0,60 21,8

Nhan xét: Trong qua trinh 1am thi nghiém do
sut va dic mau BT GPM thi nhan thiy cic HHBT
duy tri dugc do sut trong subt thoi gian lam céac thi
nghiém ché tao miu. Quan sat hon hop BT GPM
sau khi tron ciing thdy dwoc d6 ddng nhat ciia cac
hdn hop bé tong twoi rat tot, khong co hién twong
phan ting va khong xuat hién tach nudc tai mép
ria ngoai cua HHBT sau khi tron va sau khi lam
thi nghiém kiém tra do sut.

Ngoai ra, tir két qua vé do sut ciia cac HHBT
nhan thay khi ty 1¢ dung dich kiém hoat hoa va
phu gia khoang (DD/CKD) tang 1én thi ¢ sut cua
HHBT tang 1én, tang tr 16,8 cm 1én 21,8 cm
trong tng véi ty 16 DD/CKD = 0,3 dén 0,6; diéu
nay duoc ly giai 1a khi dung dich kiém hoat hoa
tang 1én, thi ham luong sodium hydroxide trong
HHBT tang 1én, kha ndng phan Ung trong moi
truong hoat hoa ting 1én sé tao ra cac chudi -Si-O-Al

va Si-O-Si nhiéu hon va triét dé hon lam cho do
sut tang lén.

3.3. Két qua thi nghiém cuwong dd nén va kéo
cua bé tong GPM

Pé kiém tra cudng do nén va kéo khi udn cho
cac cap phdi bé tong GPM, tién hanh duc cac to
mau thi nghiém dugc ché tao theo TCVN
3105:1993, cac mau bé tong sau khi duc sé& dugc
thao khuén rdi cho vao ti siy dudng ho & nhiét do
60°C trong 6, 12 va 24 gio. Két thic qua trinh bao
dudng trong ti sdy, mau dugc 13y ra va bao dudng
trong diéu kién tiéu chuan cho dén khi miu du
ngdy tudi thi nghiém; thi nghiém kiém tra cudng
d6 nén va kéo khi ubn cua cac cap phdi bé tong
GPM ¢ 28 ngay tudi.

Két qua thi nghiém cuong d6 nén va kéo khi
ubn & 28 ngay tudi cua cac cap phdi bé tong GPM
thiét ké nhu trong hinh 1 va 2.

—a

CUONG DO NEN, (MPA)

THOT GIAN BAO DUGONG (GIO)

Hinh 1. Biéu do so sanh cuong do nén ciia
cde cdp phéi BT GPM

CUONG DO KEO KHI UON, (MPA)
1

THOT GIAN BAO DUONG (GIO)

Hinh 2. Biéu do so sanh cuong do kéo khi uon
ciia cdc cdp phéi BT GPM
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Nhdn xét: Tl két qua thi nghiém cudng d6 nén
ctia cac cAp phdi bé tong GPM thiét ké nhan thay:
tit ca cic cip phdi bé tong GPM thiét ké c6 cudng
d6 nén & tudi 28 ngay déu dat mac trén 30 dén 60
MPa tuong g véi cac ty 1& Dung dich kiém hoat
héa (DD)/Phu gia khoang (PGK): DD/PGK = 0,30
dén 0,60 khi giit nguyén ham lrong PGK ma chi
thay d6i luong Dung dich kiém hoat hoa; mac bé
tong GPM thiét ké phu hop voi mot sé6 mac bé
tong thi cong cho cac cong trinh Thuy loi.

Thoi gian dudng hd nhiét gilp qua trinh
geopolymer héa dién ra triét dé hon, giup lam ting
cuong do chiu nén cia BT GPM: tdng khoang tir
40% dén 55% khi duoc dudng ho trong 12 gid so
v6i mau bé tong chi duge dudng ho trong 6 gio &
cung muc nhi¢t d§ va tuong tng cuong do nén
cia BT GPM tang tir 12% dén 15% khi duoc
dudng ho 24 gid so véi mau duge dudng ho trong
12 gio. Thoi gian dudng hd cang dai thi qua trinh
geopolymer hoa dién ra cang manh mé, giup tong
hop cac chudi monomer (-Si-O-Al va Si-O-Si)
hoan thién hon, din dén cuong d6 chiu nén cua
BT GPM tang lén.

Ciling tuong duong véi cuong d6n nén, thi
cudng do kéo khi udn cua cac cap phdi BT GPM
cling tdng khi ty 1¢ DD/CKD tang 1én. Khi céc
mau BT GPM dugc dudng ho trong 12 gio thi
cudng d6 kéo khi ubn ting tir 23% dén 30% so
v6i cac mau duogc dudng ho trong 6 gid. Tuong
tu, cudng do kéo khi udn ting tir 22% dén 28%
khi dugc dudng ho 24 gid so voi miu duogc
dudng ho trong 12 gio. Két qua nay ciing ching
té ham luogng cua sodium silicate so vdi ham
lugng (AL,O3 + Si0O,) c6 trong PGK cang tang,
thi lam cho lién két cta -Si-O-Al va Si-O-Si
cang bén hon, lam ting cuong d6 kéo khi ubn
cua BT GPM.

Khi ty 1€ Dung dich kiém hoat hoa/Phu gia

TAI LIEU THAM KHAO

khoang (DD/PGK) tidng lén (khi git nguyén ham
luong PGK) thi cuong d nén va cuong do kéo
khi udn cua bé tong GPM ting 1én. Qua d6 khang
dinh vai tro cua sodium silicate két hop véi
sodium hydroxide hop 1y lam ting d6 dic chic cua
ciu tric geopolymer, lam ting cuong do cia BT
GPM. Vi vay trong khi thiét ké yéu cau vé mac
BT GPM cua cong trinh xay dung, cin thiét phai
diéu chinh ham luong PGK cho phu hop, sau d6
tinh lidu luong dung dich hoat hoa (Na,SiO; +
NaOH) mdt cach hop 1y nhat, nhim dam bao dugc
yéu cau k¥ thuat cua bé tong.

4. KET LUAN

Tir két qua thi nghiém vé tinh cong tic ciia cac
hdn hop bé tong GPM nhén thay: Cac cip phdi bé
tong GPM thiét ké déu thoa mén yéu cau vé tinh cong
tac cho bé tong thi cong cac cong trinh Thuy loi theo
TCVN 8218:2009 (Bé tong Thiy cong - Yéu cau ky
thudt) va TCVN 9139:2012 (Céng trinh thiiy lpi - Két
cdu bé tong, bé tong cot thép vimg ven bién - Yéu cau
ky thudt).

Cudng d6 nén va cuong do kéo khi udn cua cac
cap phbi BT GPM thiét ké tang 1én khi ty 1& dung
dich kiém hoat héa/phu gia khoang tang. Khi cac
mau BT GPM dugc gia nhiét sé déy nhanh qua
trinh goepolymer, lam tang cuong do cua bé tong.
Vi viy can phai khéng ché nhiét 46 bao dudng BT
GPM sau khi ché tao.

Khi thiét ké thanh phin bé tong Geopolymer,
thi cuong d6 nén ciing nhu mot s tinh chat ky
thuat cia BT GPM phu thudc nhiéu vao thanh
phan SiO, va AL,Os c6 trong phu gia khoang va
su kich hoat ctia dung dich kiém hoat hoa. Vi
vay can thiét phai danh gid anh huong cua céc
loai phu gia khodng, ty 1¢ dung dich hoat hoa va
phu gia khoang, ciing nhu nong d¢ cua dung
dich hoat hoa dén cac tinh chat cia bé tong
Geopolymer.
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Abstract:
STUDY ON THE EFFECTS OF ALKALINE-ACTIVETED SOLUTION ON SOME
PROPERTIES OF GEOPOLYMER CONCRETE

Geopolymer concrete composition design changed the ratios of Alkaline-activated solution (NaOH va
Na5SiO;3) and mineral additives mixture (Blast Furnace Granulated Slag and Fly ash) respectively 0.3,
0.4, 0.5 and 0.6. To use an Alkaline-activated solution with a sodium silicate to sodium hydroxide ratio
of 2.0. The results show that when the ratio of Alkaline-activated solution increases, the strength and
workability of Geopolymer concrete increases, the activation process is more thoroughly.

Keywords: Geopolymer concrete, Alkaline-activated solution, Compresive strength, Sodium silicate,
Sodium hydroxide.
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