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T6m tat: Bai bao phan tich cac chi tiéu co hoc cua nén dap bang vat liéu Geopolymer téng hop
tir nguon dat bun sét tai ché thuge khu viee Thanh phé Hé Chi Minh va tro bay cia nha may Nhiér dién
Vinh Tan. Logi vat ligu dap nay duoc tong hop trén co so g dung mét s6 thanh tieu nghién ciu moi
vé cong ngh¢é Geopolymer dé cai tien cong nghé thi cong nen ddat dap théng dung hién nay tai Viet
Nam. Két qua nghién ciu trong phong cho thay, Cap phoi hop 1y cia hé nguyén liéu téng hop
Geopolymer tinh theo ty 1¢ khéi lwong cac thanh phan 1a: Tro bay/dat sét 40%; dung dich hogt hoa
kiem/chdt ran 40% va nong do dung dich NaOH 10 M, khi dé cwong do chiu nén cua mdu
Geopolymer sau 28 ngay qu = 48,1 daN/cm?; mé dun dan hoi E = 3209 daN/cm?. Trén co sé két qua
nghién cizu trong phong, tién hanh nghién cizu ngodi hién trirong véi cdp phoi trén nham danh gia
tiem nang 1ng dung cua vat liéu Geopolymer dé 1am vat liéu dap trong xay ding dwong giao thong va
gia cd neén, tr o day manh viéc iing dung trong xir Iy nén dat yéu va xay dung cong trinh giao thong.
Do tgn dung nguon dat sét yéu tai ché va sir dung luong Ion phé thdi tro bay, sé gop phan giam thiéu
0 nhiém méi trwong, dam bao qua trinh phéat trién cac cong trinh ha tang giao thdng mét cach bén
virng.

Tir khoa: Pat yéu, cong nghé Geopolymer, tro bay, Vinh Tén.

Ma phén logi: 11.2

Abstract: This paper analyzed the mechanical properties of the embankment made of Geopolymer
material synthesized from clay mud in Ho Chi Minh City and fly ash of the Vinh Tan thermal power
plant. This type of embankment material is synthesized on the basis of applying some new research
achievements on Geopolymer technology to improve the construction technology of the commonly
used embankment in Vietnam today. The results of experiment showed that the appropriate
coordination level of the Geopolymer synthetic material system calculated according to the ratio of
the volume of components is: Fly ash / clay is 40%; The alkaline activated solution / solids is 40% and
the concentration of NaOH solution is 10M, then the compressive strength of Geopolymer sample at
28 days qu = 48.1 daN/cm?; elastic modulus E = 3209 daN/cm?. On the basis of the results of in-room
experiment, field experiment with the above mixed design is conducted to evaluate the potential
application of this Geopolymer material as fill material in road construction and soft ground
treatment. Due to using a large amount of fly ash waste, it brings environmental and economic
benefits.

Keywords: Soft soil, Geopolymer technology, fly ash, Vinh Tan.
Classification code: 11.2

1. Giéi thiéu

Pat yéu khong thich hop dé str dung 1am
vat liéu dap nén dudng boi vi co cap phdi hat
min, strc chiu tai thip, chi s6 déo cao, dé thay
d6i trang thai rin - mém do do am. Pét yéu
phan bd trén mot sé khu vuc rong 16n & Viét
Nam nhu Pong bang song Hong, Pong bang
song Cuu Long... Cac khu vuc nay c6 mat do
dan cu kha cao trong khi hé thdng ha tang lai
kém phat trién. Viéc xdy dung cic tuyén
duong, dac biét duong cao tde tai nhiing khu

vuc néu trén trong thoi gian qua dang dat ra
nhiéu van dé cép bach. Do dia hinh thép, dia
chat yéu nén khdi lugng dat dip nén duong
thuong rat 16n, khdi lwong dat yéu phai dao
b6 thay thé bang dat tot hon ciing rat nhiéu,
néu khong tudi tho cia duong s€ giam hodc
phai duy tu nhiéu. Hon nita, néu six dung dat
101 phd bién nhu ¢ nudc ta hién nay dé dap
duong thi ngudn cat dip ndy s& mau chong
can kiét.
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Tiéu chuan hién hanh ciing quy dinh
khong duoc su dung dat yéu nhu dat bun,
than ban v.v... dé lam vat liéu dap duong
[1]. Nhu vay nguon vat liéu dé dip nén
duong thuong 1a ngudn dat chon loc va phai
lay tir cac mo dat chi c6 mot s it truong hop
duoc 1y truc tiép tir nén dao. Trong truong
hop dat nén ty nhién tai khu vuc xdy dung
khong dap ung dugc cac yéu cu cua tiéu
chuan d6i véi vat liéu dap nén duong, chi phi
xdy dung s& ting cao dang ké. Vi viy, viéc
tim giai phap dé cai thién tinh ning xay dung
ciia dat nén ty nhién tai chd dé dip nén
duong, nham giam chi phi 1a hét stc can
thiét. Dé cai thién dic tinh dia ky thuat cua
dat yéu va str dung vat liéu dip duong cao
téc von di co kha nhiéu nghién ciru ap dung
céc chit on dinh nhu voi, xi mang, tro bay ...
va dua ra mot sb két qua kha quan ban dau.

Viéc st dung cong nghé Geopolymer
(dia polyme) ddi voi dat yéu dang duoc céac
nha nghién ctru trén thé _gidi ngay cang quan
tam trong vai thap ky gan day, vi day 1a mot
giai phap c6 thé cai thién dic tinh dia k¥
thuat cua dat yéu mot cach nhanh chéng va
hiéu qua. Thuat ngtr “Geopolymer” dugc xay
dung vao nhitng nam 1970 boi nha khoa hoc
ngudi Phap Joseph Davidovits va ong da bat
dau xay dung nén nguyén ly dé ché tao
Geopolymer [2]. Bang céach dua trén kha
nang phan ung cua cac vat liéu
Aluminosilicate va dung dich kiém Alkalin
dé tao ra cac san pham co cuong do cao. He
nguyén liéu dé ché tao vat liéu Geopolymer
bao gom hai thanh phan chinh I1a cac nguyén
liu ban dau va cac chat hoat héa kiém.
Nguyén liéu Aluminosilicate nham cung cap
ngudn Si va Al cho qua trinh Geopolymer
hoa xay ra (thwong dung tro bay,
metacaolanh, silicafume...) [2], [3]. Chét hoat
hoa kiém duoc sir dung phd bién nhat Ia dung
dich NaOH va thuay tinh long Natri Silicat
nham tao méi truong kiém va tham gia vao
cac phan ung Geopolymer hoa [4]. Vat liéu
Geopolymer dugc tao thanh tir mang ludi
Poly (Sialate) trén co so cac tir dién SiO4 va
AlO4 voi cong thic nhu sau [2]: Mn(-
(Si02)z-AlO2)n.WH20. Trong d6:

~ M: Cac cation kim loai kiém hay kiém
tho;

~n: Mirc do polymer héaz =1, 2, 3 ... cao
nhat la 32.

Theo quy hoach dién VII, Viét Nam van
dang phat trién kha manh cong nghiép nhiét
dién @6t than, nén ngudn tro bay tir cac nha
may nhét dién nay thai ra rat 16n, wéc tinh
khoang 50 triéu tan vao nam 2030 [5]. Pay la
ngudn chat thai gay 6 nhiém méi trudong
nghiém trong. Hon ntra, c&c nha may nhiét
dién nay lai phan bé tai nhiéu khu vuc c6 dan
cu kha dong dic, noi phat trién ndng nghiép
khd manh. Do vay, dé khic phuc van dé &
nhiém méi truong do cac nha may nhiét dién
dbt than can song song tién hanh cac giai
phap: Mot 1a han ché phét trién cac nha may
nhiét dién nay, hai la nghién ctu su dung tro
bay vao cac muc dich hitu ich. Nhu vay, néu
viéc nghién ctru str dung tro xi dé 1am duong
giao thong thanh cong s c6 y nghia v6 cung
quan trong trong viéc giam thiéu 6 nhiém
mdi truong tir cac nha may nhiét dién d6t
than, dong thoi dam bao phat trién ha ting
mat cach bén viing.

2. Vat ligu va phwong phap nghién
cuu

2.1. Vat liéu sir dung

2.1.1. Tro bay

Tro bay la san pham cua qué trinh dot
than d4 nghién min trong cac nha may nhiét
dién. D6 1a nhitng hat hinh cau kich thudc rat
nho, ¢& micro mét, dé dang bay lo ltng trong
khéng khi. Nguon tro bay st dung trong
nghién ctu nay lay tir nha may Nhiét dién
Vinh Tén, tinh Binh Thuan. Thanh phan hoa
hoc cua cac tro bay duwoc xac dinh bing
phuong phap phd ké huynh quang tia X, két
qua nhu bang 1.

2.1.2. Pt sét

Thanh phan hoa cia mot sb loai dat sét
tai Thanh phé H5 Chi Minh duoc trinh bay
tai bang 2. Nhu vay, co thé thiy cac loai dat
sét va tro bay ¢ nhitng khu vuc trén c6 ham
lugng SiO2 tuong tng 1a 52% va 55,71%;
ham lugng Al203 twong tUng 1a 20,05% va
27,51%. Pay la cac 6 xit c6 thé tham gia vao
qua trinh Geopolymer hoa Qua d6 cho thiy
tro bay va dat sét 1a ngudn vat lidu chta cha
yéu silic va nhém, 1a thanh phan chinh tham
gia phan tng dé téng hop Geopolymer.
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Bdngl. Két qua phan tich thanh phan héa hoc, ham lwong (%) cua tro bay.

Tro bay SiO2 | Al:03 | Fe203 | K20 MgO TiO2 CaO | SOs3 Na20 MKN
Vinh Tan2| 5571 | 2751 | 7.02 | 531 1.17 099 | 093 | 044 | 025 20.32
Bdng2. Két qua phan tich thanh phan héa hoc, ham leong (%) ciia dat sét.
Nguodn dat sét| SiO2 | Al203| Fe.Os | K20 | MgO | TiO2 | CaO | SO3 [Na.O | MKN
Thanh phé
H& Chi Minh |52:00 | 20.05 6.73 |1.77 132 |1.16 0.06 |0.42 058 [13.99

2.1.3 Dung dich chét hoat hoa kiém

Céc chat hoat héa kiém st dung dé tong
hop Geopolymer nhu dung dich NaOH va
thiy tinh long Natri Silicat déu 1a nhitng hoa
chat co ban st dung phé bién trong cong
nghiép. Dung dich hoat héa kiém sir dung
trong nghién ctu nay c6 nong d6 10 M.
Dung dich NaOH duoc tron déu véi dung
dich thuy tinh long Natri Silicat theo ti I¢ 1:1.
Dung dich hoat hda kiém tao ra méi trudng
dé hoa tan ngudon nguyén liéu
Aluminosilicate, tr d6 bat dau qua trinh
Geopolymer hoa.

2.2. Phwong phap nghién ctru

Nguon nguyén liéu dau vao su dung dé
tong hop Geopolymer bao gom: Bun sét ldy
tai Thanh phd Ho Chi Minh; tro bay lay tir
nha may Nhiét dién Vinh Téan 2, tinh Binh
Thuan; Natri Hydroxit (NaOH dang kho) va

dung dich thuy tinh long. Thi nghiém trong
phong: Bun sét dugc dao 1én sau khi loai bo
phan hitu co trén bé mat, say khé, nghién nho
rdi tron déu vai tro bay va dung dich hoat
hoa kiém theo céc ty 1é: Tro bay/dat sét lan
luot 1a 0:100; 20:80 va 40:60; ty I¢ dung
dich/chat rin lan luot 12 0,25; 0,4 va 0,5;
nong d6 dung dich NaOH ¢6 03 loai 8 M, 10
M va 12 M. Cho hdn hop nay vao khuon tru
tron dwong kinh 50 mm, cao 100 mm. Céac
mau duge dudng ho & nhiét do thuong, roi
lam thi nghiém nén no hong ty do sau 07
ngay, 14 ngay va 28 ngay. Két qua thi
nghiém trong phong cho ta Cap phol
Geopolymer hop ly. Liy két qua cap phdi
nay tién hanh thi nghiém ngoai hién truong.
Sau 28 ngay dudng ho & diéu kién nhiét do
mdi truong thuong (xung quanh 30°C) tién
hanh x4c dinh mé dun dan hoi cua nén dap
Geopolymer bang tim ep cang.

Hinh 1 ‘Mau Geopolymer sau 28 ngay duvng ho .
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Hinh 4. V;j tri phan ddt yéu xit ly bang cong nghé Geopolymer trén mat cat ngang.
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3. Két qua va thao luan

3.1. Anh hwéng ham lweng tro bay va
thoi gian dudng hd dén cwong dd chiu nén
theo thi nghiém trong phong

Két qua thi nghiém duoc thé hién trén
cac d6 thi tai hinh 5. Tir két qua thi nghiém
thu duoc ¢ thé nhan thiy: Cuong do chiu
nén 16n nhat dat duoc ang véi ham luong tro
bay sir dung l1a 40% ( qu = 48,1 daN/cm?), ty
Ié¢ dung dich chit hoat h6a chiém 40% khdi
lwong chat ran va nong d6 dung dich NaOH
1a 10 mol/l. Cuong d chiu nén ting dan theo
thoi gian va dat gia tri twong d6i 6n dinh sau
28 ngay. Gia tri cuong do nén 16n nhét thu
duoc 16n gap 229 lan cuong do chiu nén ban
dau khi chua xir Iy (dt ban dau c6 qu= 0,21
daN/cm?).

3.2. Anh hwéng ciia ham lwong tro
bay va thoi gian dudng hé dén mo dun
dan hoi theo thi nghiém trong phong

Két qua thi nghiém duoc thé hién trén
hinh 6. Hau hét cac mau thi nghiém, gia tri
md dun dan héi E >5 00 daN/em?, sau 07
ngay dudng ho, thoa man yéu cau lam lép
day mong duong theo tiéu chuan. Sau
khoang thoi gian 14 ngay dén 28 ngay, gia tri
mé dun dan hdi cua 16p vat liéu Geopolymer
I6n nhat dat duoc 1a 3209 daN/cm?, gip 281
lAn mo6 dun bién dang ban dau (E =114
daN/cm?) du I6n dé 1am ciu tao hau hét céc
bo phan cua duong 6 t6 [S]. Nhu vay, viéc su
dung Geopolymer tong hop tir dat sét va tro
bay dé lam vat liéu dip duong giao thdng co
tiém nang rat 16n. M6 dun dan hoi ting khi
tang ham luong tro bay, khi ham luong tro
bay dat khoang 40% gia tri mé dun dan hoi
tang kha cham.
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Hinh 5. Anh huong ciia ham heong tro bay va thoi gian duong hé dén cuong dg chiu nén
khi nong d¢ dung dich hoat hoa kiem la 10 mol/l.
Ghi chu: Ky hi¢u mau SF-20-40-10 nghia la mau gom hon hop dat va tro bay, ty 1¢ khdi hegng tro bay/khi
lwong chat ran 1a 20%, ty I¢ khoi lwong dung dich hoat hoa/khoi hr,o»ng~chdt ran 1a 40%, nong dé dung dich hogt
hoéa la 10 mol/l. Twong tw cho cadc mau khac.
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Hinh 6. Anh hwong ciia ham lwong tro bay va thoi gian duong hg dén mé dun dan hoi
khi nong do dung dich la 10mol/l.
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3.3. Két qua xdc dinh md dun dan hdi
theo thi nghiém hién truwong

Két qua thi nghiém xac dinh mé dun dan
hoi tai hién truong bang thi nghiém tim nén
ciing thé hién trén hinh 7. Nhu vay, khi sir
dung cic phuong tién thi cong san cd hién
nay dé dao dit, tron bé téng... thi cong hdn
hop Geopolymer tir dat yéu tai chd, tro bay
Viét Nam, dudng ho trong diéu kién tu nhién
v6i dat nén xung quanh c6 do am cao, mod
dun dan hoi cua vat liéu Geopolymer cé thé
dat dugc E = 637 daN/cm? , bang khoang
20% gia tri mo dun dan hoi 16n nhat dat dugc
trong diéu kién thi nghiém trong phong, véi
cung cap phdi vat lieu (két qua thi nghiém
trong phong E = 3209 daN/cm?).

4. Két luan

Can cir vao két qua thi nghiém da thuc
hién c6 thé rat ra mot sd két luan sau:

Ham luong tro bay st dung t6i uu
khoang 40%, ty 1& dung dich chat hoat hoa
chiém 40% khéi luong chat rin va néng do
dung dich NaOH la 10 mol/l;

Geopolymer tong hop tir dat sét va tro
bay c6 gia tri mé dun dan hoi E >500
daN/cm?, sau 07 ngay dudng ho, théa méan
yéu cau lam vat liéu dip duong theo tiéu
chuan TCVN 4054:2005, sau thoi gian 28
ngdy gid tri moé dun dan hoi lén nhéat thu
duoc E = 3209 daN/cm?. Nhu vay, viéc st

dung Geopolymer téng hop tir dat sét va tro
bay dé lam duong giao thdng c6 tiém nang
rat 1on;

Tu ket qua x4c dinh cudng do nén va mo
dun dan hoi cua vat liu Geopolymer dat
dugc, ¢6 the nhan thay viéc ing dung loai vat
liéu nay trong linh vyc gia co nén dat yeu la
kha thi, m¢ ra hudng xur Iy mot luong lon tro
bay, gop phan giam & nhiém mai truong do
loai phé thai nay gay rall
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