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DPANH GIA CUONG PQ CHIU NEN CUA PAT SET GIA CO
BANG PHUONG PHAP GEOPOLYMER TRO BAY
COMPRESSIVE STRENGTH OF FLY ASH GEOPOLYMER STABILIZED SOIL

Phan Nguyén Ngec Thanh, ?Tran Hiru Bang, *Phan Té Anh Vii, “Ngb Thanh Phong
13Khoa Ky thugt Cong trinh, trirong Pai hoc Tén Birc Thang

2Khoa Kién Truc, truong Pai hoc Thi Dau Mgt

*Khoa Xay dung, triong Pai hoc Vin Lang

T6m tat: Bai viét trinh bay két qud thi nghi¢m trong phong cua vdt liéu ddt sét dwoc gia cé theo
phirong phap Geopolymer tro bay. Nh6m tac gia tién hanh thi nghiém cac mau ddt dwoc té hop gizaty
l¢ NazSiOs/NaOH = 1; 1.5; 2va LIFA=04; 0.5; 0.6 ¢ diéu kién nhiét do 90°C (trong do, L la tong
khoi lrong dung dich thay tinh long (Na2zSiOs) va xut (NaOH)) [2]. Nhin chung, tat ca cac mau dat sé
phat trién cuong do trong 14 ngay dau, tir ngay 14 dén ngay 29, mau sé giam cuong do dan. Tirngay 7
dén ngay 14, cuong do Mdu dat tang tir 1,10 d@én 1,50 |an Tir ngay 14 dén ngay 28, cwong dj giam tir
1,01 dén 1,20 lan. Cwong dé ¢ ngay thir 28 tré di cao gdp 1,09 - 1,12 lan so cuong dé ¢ ngay thir 7.
Méi quan hé giiza céc ty 1é két hop véi diéu kién nhiér dg sé gop mét phan co sé dir liéu givip phwong
phép gia co ddt sét bang Geopolymer tro bay ngay mét hoan thién.

Tir khoa: Dat sét, Geopolymer, kiem hogt tinh, tro bay.

Ma phén logi: 11.2

Abstract: In this paper, the result of experiments on the consolidation of clay materials with the
Fly Ash-based Geopolymer method is shown and discussed. The result comes from experiments on soil
samples with a mixture of Na>SiOs/NaOH and a mixture of L/FA with a ratio of 1:1.5:2 and a ratio of
0.4:0.5:0.6 respectively, in which L is the total mass of liquid glass, Na2SiO3, and Sodium Hydroxide,
NaOH, in a temperature condition of 90°C. In general, all samples had their amplitude increased within
14 days, then gradually decreased until date 28th. From date 7th to date 14th, the amplitude increased
in the range from 1.0 to 1.5 times. Then from date 14th to date 28th, the amplitude of the samples
decreased from 1.0 to 1.20 times. After date 28th, the amplitude was observed to be from 1.09 to 1.12
times higher than the amplitude reported on date 7th. The study of different mixtures along with various
ratios helps to better the Fly Ash based Consolidation method.

Keywords: Clay, Geopolymer, alkaline liquid, fly ash.
Classification code: 11.2

1. Giéi thigu

Hién nay co rat nhiéu phuong phap két
hop cac loai phy gia dé cai thién cudng d6 cua
vat liéu dat, cac chat phu gia pho bién nhu xi
mang, voi... Tuy nhién ngoai muc dich cai
thién cac tinh chat co 1y cua dat, ta van can can
nhic vé hién tuong bién dbi khi hau va hiéu
tng nha kinh. Trong qué trinh san xuat xi
mang nham st dung vao cac chuyén nganh
xay dyung da thai ra mdi truong mot lugng l6n
khi CO2 [2], [3]. Tir d6, mét sb quoc gia da
tng dung cac loai phu gia khac dé _thay thé
phuong phap su dung xi mang truyén théng,
c6 thé ké dén céc loai phu gia nhu xi, tro
bay,... Céc loai ké trén déu dya theo phan tng
Geopolymers [4], [5], [6].

Phan tmg Geopolymer duoc tng dung &
cac qudc gia chau Au, dic biét 1a tai Phap tur
nhitng thap nién 80 cua thé ky XX. Qué trinh

Geopolymer héa la qué trinh tong hop lién
quan dén phan wung hdéa hoc cua
Aluminosilicate Oxit vé&i Polysilicate kiém
nhiam tao ra phan ung tring ngung Polymer,
hinh thanh méi lién két giira Si-O-Al [7], [8].
Mot s6 nghién cau cho thay, do am cua
hdn hop, ty 18 tro bay/dat sét va nhiét do
dudng ho déu gop phan anh huong dén kha
nang chiu luc cia miu. Cac tac gia ché tao
MAu V&i cac ty lé:
e Na2SiO3/NaOH =0.4;0.7; 1.0; 1.5;
e L/FA =0.3~0.8;
o« FA/Clay =0.3; 0.5 0.7.
Két qua cho thiy cuong do to hop mau c6
ti 16 Na2SiO3/NaOH = 0.7, L/FA = 0.5 va
FA/Clay = 0.3 phaét trién va dat cuong do 16n
nhat khi duong ho ¢ nhiét do 65°C va 75°C
trong tat ca cac thoi gian dudng ho. Tuy nhién,
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khi dudng ho ¢ nhiét d6 85°C, cuong d6 mau
giam dan sau 14 ngay [1], [7]. Vi the d€ gop
thém dir liéu cho phuong phép gia co dat sét
bang phuong phap Geopolymer tro bay, bai
bao s€ trinh bay ve su phat trién cuong d6 cua
céc‘méu dudong ho ¢ nhiét do 90°C vai cac ty
I lan luot nhu sau:
e Na2SiO3/NaOH =1.0;1.5; 2.0;
e L/FA =0.4; 0.5; 0.6;
e FA/Clay =0.3.
2. Vat liéu thi nghiém
2.1. Dat sét
Dit sir dung thi nghiém 1a dat sét cao lanh
thuoc thi xa Tan Uyén, tinh Binh Duong co
cac chi tiéu vat ly co ban nhu sau:
Gi6i han nhdo (WL): Noi suy tuyén tinh
xac dinh duogc gidgi han nhdo Wi = 46.8%.
Gi6i han déo (Wp): Wp = 33%.
Chi s6 déo (lp):
Ip = WL-Wp =46.8% - 33% = 13.8%;
Taco: 7 < lp <17 > Dat 4 sét.
P sét (1L):
| = W -W, _ 12% —33%
W, -W, 46.8%-33%
Ta co: IL <0 = Pat ¢ trang thai cang.
Két luan: Dat thi nghiém la dat & sét, trang
thai cting, ¢6 gidi han nhdo = 46.8%.
2.2. Dung dich kiém hoat tinh

Dung dich NaOH: Dung dich NaOH
duoc sir dung chi yéu dé 1am chit hoat hoa
kiém pha véi dung dich thay tinh long Natri
Silicat (Na2SiOs). Sy c¢6 mat cua dung dich
NaOH trong c4c phan tng giup ting toc do
phan (ng va lam Geo tao ra sé déo hon. St
dung dung dich NaOH néng d6 10 M duoc
diéu ché tir NaOH khan.

Dung dich Na.SiO4: Dung dich thuy
tinh long (Na2SiO3) c6 mau trang duc, voi dac
tinh sét, sanh, dé dang hoa tan trong nudc.
Dung dich thay tinh long (Sodium Silicat)
dong mot vai tro quan trong trong qué trinh
phan @ng tong hop chét két dinh Geopolymer.
Dung dich thay tinh long trong dung dich
kiém kich hoat s& gilp qué trinh tan r4 cac hat
tro bay dién ra nhanh chong hon.

=-1.5%

2.3. Tro bay
Tro bay st dung loai F ¢c6 ham lugng CaO
< 5%, thu duoc tir viéc d6t than Antraxit hozc
than chta Bitum, véi ham lugng than chua
chéy nhiéu hon, khoang 2 - 10%. Tro bay tai
nha may nhiét dién Duyén Hai 3 thudc loai F.
Tro bay loai F kém hoat tinh hon va can 02
tuan dé thuy hod, n6 cé c& hat ti wu tir 20um
trg xudng.
Bdng 1. Thong sé vat liéu tro bay nhiér dién Duyén
Hai 3. Ket qua tir Trung Tam Ky Thugt Tiéu Chuan
Do Luong Chdt uong 3 (KT3-01164BXDS).

Tén chi tiéu Két qua thi nghiém
Characteristics Test result

Do 4ny/ Moisture content, % 01
Ham lugng anhydric sunfuric (SO3),

I % 10
Sulfur trioxide content
Ham lu'(_!flg I.l’]f‘it khi nung, % 07
Loss on ignition
Ham _lu_qng oxyt nhém (A1203), % %1
Aluminium oxide content
Ham. lu'(_!ng oxyt sat (Fe203), % 113
Ferric oxide content
Harr'l luqng. oxyt natri (Na20), % 135
Sodium oxide content
H.a_m lu@g o_xyt silic (SiO2), % 511
Silicon dioxide content
Ham lu.qng ox'yt kali (K20), % 129
Potassium oxide content
Ham.lu'(_mg .canx1 (Ca0), % 47
Calcium oxide content
Ham lugng oxyt magie (MgO),

. . % 17
Magnesium oxide content

3. Két qua thi nghiém
Quy trinh thi nghiém
! , _ TNDAMNEN | o | a: '
| PINHLUONG -~ " o =2 =DOAMTOIUU
! TIEU CHUAN ! .
i

; . § - ! ,
| KIEM TRA ) A s PUC MAU DAI
e A = puoNGH) - - PUCMAUD
i CUONG D) TRA

3.1. T6 hop miu thi nghiém

T6 hop dugc sir dung trong thi nghiém
theo cac thanh phan ty I¢ lan lugt nhu sau:

* Ty 1¢ Na>SiO3/NaOH =1.0; 1.5; 2.0;

* Ty 1¢ L/FA =0.4;0.5; 0.6;

* Ty 1é FA/Clay =0.3.

Chi tiéu thi nghiém: Thl’qnghiém cuong do
chiu nén ¢ 7, 14, 28 ngay tuoi.

Str dung khuén nhya hinh tru co kich
thuéc 50 x 100 mm theo tiéu chuan ASTM
D2166-thi nghiém nén ng hong [9].
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MJi t6 hgp mau gom 12 mau. Ngoai trir
03 mau khong dudng ho bang nhiét do, 09
mau con lai trong té hop mau duoc bao dudng
Véi thoi gian 48 tiéng & nhiét d6 90°C, sau d6
bao dudng trong diéu kién nhiét do thuong
dén khi du ngay tudi.

-Nhém B: Gém cac t6 hop mau cd ty 18
Na2SiOs/NaOH = 1.5 va céc ty I¢ L/FA lan
luot 0.4; 0.5; 0.6;

-Nhém C: Gém cac té hop mau cd ty 18
Na2SiO3/NaOH = 2.0 va cac ty 1¢ L/FA lan
luot 0.4; 0.5; 0.6.

Phan Ioaihcéc t6 hop mau thanh cac nhom Trong do:
e anh:
sau de SO, 54 s , .3 x o L Mya,sio, T Myaon
-Nhom A: Gom céc to hop mau cd ty 1€ A m
Na2SiO3/NaOH = 1.0 va cac ty 1¢ L/FA lan FA
luot 0.4; 0.5; 0.6;
Bdng 2. Phan logi nhém mau thi nghi¢m
va so6 lwong mau trong moi nhom.
L/Fa _ L/Fa
—04 L/Fa=0.5 06
Nhém A: (Na2SiO3/NaOH) = 1.0 12 12 12
Nhém B: (Na2SiOs/NaOH) = 1.5 12 12 12
Nhém C: (Na2SiO3/NaOH) = 2.0 12 12 12
Téng 108
Bdng 3. Dung trong khd cua té hop mau (g/cm?3).
L/Fa=04 L/Fa=0.5 L/Fa=0.6
Nhém A: (Na2SiOz/NaOH) = 1.0 2.16 2.15 2.13
Nhém B: (Na2SiOs/NaOH) = 1.5 1.97 1.96 1.92
Nhém C: (Na2SiOz/NaOH) = 2.0 1.93 1.95 1.94

3.2. Két qua thi nghiém va nhan xét
Nhom A

)
S

CUGNG DO CHIU NEN (Mpa)
= o
.\ ‘

—=—L/TFA=0.4 Na28i03/NaOH=1
== L/FA=035 Na28i03/NaOH=1
—i—L/FA=0.6 Na28i03/NaOH=1

w

7 ngay 14 ngay 28 ngay

THOI GIAN (Ngay)

Hinh 1. Cuong dg chiu nén té hop mau nhom A.

O nhém A, mau ¢ ty Ié thanh phan L/FA
= 0.4 c6 cuong do chiu nén cao vuot troi so
Vi céc ty 16 LIFA khac. Tir ngay 7 dén ngay
14, cudong d6 phét trién tir 28.47 Mpa dén
33.01 Mpa (ting 1.16 1an). T ngay 14 dén
ngay 28, cuong d¢ giam tu 33.01 Mpa con
31.07 Mpa (giam 1.06 lan). Tur ngay 7 dén
ngiy 28, cuong do ting tir 28.47 Mpa dén
31.07 Mpa, tang 1.1 1an.

Céac ty Ié khac ciing c6 su tang, giam
cuong do theo xu thé twong tw nhur trén. Nhin
chung, cudng do chiu nén cua tat ca cac mau
déu co su phat trién cudng do.
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Nhém B
35
10 29,49 2024
- T —— i ————
W8 -7 - ]f ______ _126
25

b
=3
=
=3
b
-
e
=
&

CUGNG BO CHIU NEN (Mpa)
s o

=m =LFA=04 Na2$103/NaOH=1.5
== L/FA=05 Na25i03/NaOH=15
=+ LFA=06 Na2$103/NaOH=1.5

un
.

7 ngay 14 ngay 28 npay

THOI GIAN (ngay)
Hinh 2. Cuweong dg chiu nén té hop mau nhom B.

O nhom B, miu ¢6 ty 1¢ thanh phan L/FA
= 0.4 c6 cuong do chiu nén cao hon so vdi cac
ty 16 L/FA khac. Tur ngay 7 dén ngay 14,
cuong do phat trién tir 26.69 Mpa dén 29.49
Mpa (ting 1.10 lan). Tir ngay 14 dén ngay 28,
cuong d6 giam tur 29.49 Mpa con 29.24 Mpa
(giam 1.01 lan), thay d6i khong dang ké. Tur
ngdy 7 dén ngay 28, cuong do ting tir 26.69
Mpa dén 29.24 Mpa, ting 1.1 lan.

Nhom C

CUGNG DO CHIU NEN (Mpa)

= =L/FA=04 Na28i03/NaOH=2
—+ L/FA=0.5 Na25103/NaOH=2
=== L/F A=0).6 Na25103/NaOH=2

7 ngay 14 ngay 28 ngay

THOI GIAN (ngay)
Hinh 3. Cirong dg chiu nén té hop mau nhém C.

O nhém C, mau c6 ty I& thanh phan
L/FA=0.4 c¢6 cuong do chiu nén cao hon so
Vi cac ty 18 L/FA khac. Tur ngay 7 dén ngay
14, cudng do phét trién tir 11.82 Mpa dén
16.86 Mpa (tang 1.4 1an). Tir ngay 14 dén
ngay 28, cuong d6 giam tu 16.86 Mpa con
13.2 Mpa (giam 1.23 lan). Tir ngay 7 dén ngay
28, cuong do ting tir 11.82 Mpa dén 13.2
Mpa, ting 1.1 1an. Cuong do & cac mau co ty
I¢ L/FA khac dat gia tri twong tu ¢ thoi gian 7
ngay va 28 ngay.

Téng hep

Tur két qua thi nghiém & cac nhom mau
V6i ty I€ dang xem xét trong cac nhom A, B,
C, c0 thé xac dinh duoc ty 1€ L/FA = 0.4 va
Na2SiOs/ NaOH = 1 ¢6 cuong do chiu nén 1én
nhat.

35
30
25
E)
2 20
Fa
£ 1686
-~
- -~ -
E s - = 3
o 18 _ - = -
g L-
% 10
E
—— L/FA-0.4 Na2$i03/NaOH-1
B ++++ LIFA=04 NaJSi03/NaOH=135
— —L/FA-04 Na2Si03/NaOH-2
0
T ngay 14 ngay 28 ngay

THOT GIAN (ngay)

Hinh 4. Céc t6 hop dat cuong d¢ chiu nén Ién nhat
trong cac nhom A, B, C.

35
3107
T 9.2 1756 g7n
30 | 28479 ) 75
i : I 'M'r'i 623 it
" |:'I 1143 i ".:'
. :::: 19 Ly e .:I
Tyl 0l | __1—-] ! ': : l,'n:- i :' 1
E_GII:' I T PR N TN
<] ,,|: u: - ,::. ,:| |”| 132 1325 1101
5151 1) i & H ¢ 1na > -
[ T (] ¢ " Hoey 1 - 1
"0 mE RS S e i e
N T O I T R R R
I 1 I, {) 1 1) [ il
PR BE BRIIEE BE BRI IR BRI BRI
b i . 1 . [ T
i 1] I I by iy W
']IIII 1 T { Ol Ly Ul e
- - - o - - ] [ ]
0 [ ; 0 i f
e = T T T I - Iz
+ B ] s + 35 .f_% v g + Q0 i Q Qg
12 iZ 3 g2, 32, 32, 1 iz iz
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Hinh 5. Cuong dé chiu nén cac té hop mau
¢ ngay thir 7 va 28.

4. Két luan

Véi két qua thi nghiém trén c6 thé két
luan, cuong d6 chiu nén co sy thay doi dong
déu theo thoi gian ¢ tat ca cac to hop mau.
Cuong d6 chiu nén phat trién nhanh trong 14
ngay dau, tir sau ngay 14, cuong do giam dan.
Va ty Ié FA/Clay, nhiét d6 dudng ho anh
hudng dén su duy tri cudng do cua mau. Véi
ty 16 FA/Clay thap, nhiét ning can thiét cho su
hoa tan, phan tach céc lién két cong hoa tri Si-
O va Al-O-Al trong tro bay dé hinh thanh lién
két Geopolymer khong cao. Do do6, khi dudng
ho & nhiét do cao, mau sé xuat hién vét nat, 15
rdng gop phan lam mau giam do bén cua mau.

Céc t6 hop c6 ty 1& L/IFA = 0.4 ludn c6
cudng do chiu nén 16n nhat trong tat ca céc
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nhom. Va nhom A (ty I¢ Na2SiO3/NaOH = 1)
c6 cudng do chiu nén 16n nhét & cac nhom.

O 28 ngay tudi, khi tang ty 18 L/FA tir 0.4
dén 0.6, cuong do chiu nén & nhém A giam
2.65 l4n (31.07 MPa >15.74MPa), cudng do
chiu nén & nhém B giam tr 1.49 lan
(29.24MPa=>19.66MPa) va nhom C c¢o
cuong do chiu nén giam 1.18 lan
(13.25MPa=>11.21MPa).

5. Khuyén nghi

Can tién hanh thi nghiém di voi cac ty 1é
Na2SiO3/NaOH va L/FA khac dé xac dinh
duoc ty 1 téi uvu nhat. Can ma rong thoi gian
thi nghiém sau 28 ngay nham xac dinh chinh
xac dugc cudng do chiu nén cudi cung. Va sir
dung cac may c6 do sai s thap, cac khuon try
thép c6 do hoan thién chinh xac hon.

Pic biét vé didu kién nhiét do, véi cac
hang muc cai tao va gia cuong dét nén thuong
lam véi quy md rong, rat kho dé duy tri mot
nhiét @6 mong mudn 6n dinh. Vi vy can xéac
dinh duoc gié tri cuong do cudi clng & cac
nhiét d6 khac nhau, tir do 1ap duoc ty 1€ gitra
cac gia tri trong cac khoang thoi gian thuan
tién cho viéc danh gia tinh chét kha thi cua
phuong phap ap dung cho thyc té0
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