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TOM TAT

Vé&i viéc ngay cang khan hiém clia ngudn cat xay dwng, vat liéu dat khéng nung dang
dwoc nghién clru, phat trién va téi wu hda. Xi mang thwong dwoc sir dung dé cai thién
cwdng do va do bén theo thoi gian cla vat liéu. Tuy nhién, qua trinh san xuét xi mang
phét thai lwong 1&n khi CO,, gay tac ddong dang k& dén méi trwérng va bién dbi khi hau.
Do d6, viéc nghién ctru cac chat két dinh than thién mai tredng hon nham thay thé mot
phan hodc hoan toan xi mang dang thu hat nhiéu sy quan tam, trong dé geopolymer
duwoc xem 1a mot giadi phap tiém nang. Nghién ctu nay danh gia kha néng ng dung
geopolymer trong phat trién vat liéu dat khéng nung ché tao theo phwong phap nén tinh
(CEBs). Bat s dung dwoc lay tai TP H6 Chi Minh. Tro bay loai F dwoc st dung lam
ngudn aluminosilicate d& téng hop geopolymer. Cac mau dat dwoc phdi trén voi
geopolymer & ham lwong 6% va 10%, bao duwdng & nhiét dé thwong, sau doé thi nghiém
nén mot truc tai 7, 14, 28 va 56 ngay. Két qua cho thy cwdng d6 chiu nén tang theo thoi
gian va ham lwong geopolymer. O tudi 28 ngay, mau chira 10% geopolymer dat cwdng
dod khoang 2,85 MPa, cao hon 60% so v&i mau chiva 6% geopolymer. Sw gia ting cuéng
do cho thay geopolymer c6 kha nang céi thién lién két gitra cac hat dat, tdng cwong do
clia vat liéu. Két qua nghién ctru khang dinh tiém nang st dung geopolymer nhw mét
chét két dinh than thién méi trwong trong san xuét vat liéu dat khong nung, gop phan
giam sw phu thudc vao xi méng va hwéng téi phat trién vat liéu xay dwng bén virng.



Twr khoéa: Gach dat khéng nung; gach dat nén (CEBs); dat nén gia cwdng geopolymer;
cwdng dd chju nén.

ABSTRACT

As construction sand becomes increasingly scarce, unfired earth materials have been
investigated as an alternative construction material and further developed through
material optimization. Cement is often added to improve their mechanical strength and
long-term durability. However, cement production is associated with considerable CO,
emissions, resulting in environmental impacts and contributing to climate change. For this
reason, increasing attention has been given to alternative binders that can partially or fully
replace cement, with geopolymer considered a viable option. This study examines the
use of geopolymer in unfired earth materials produced by static compaction (CEBS). The
earth was collected in Ho Chi Minh City, while Class F fly ash was used as the
aluminosilicate precursor for geopolymer synthesis. Earth mixtures containing 6% and
10% geopolymer were prepared, cured under ambient conditions, and tested for
unconfined compressive strength at 7, 14, 28 and 56 days. The results indicate that
compressive strength increased with both curing age and geopolymer content. At 28
days, the mixture with 10% geopolymer achieved a compressive strength of about 2.85
MPa, approximately 60% higher than that of the mixture with 6% geopolymer. This
improvement suggests that geopolymer contributes to stronger bonding between earth
particles, thereby enhancing the strength of the material. Overall, the findings indicate
that geopolymer can be used as a more environmentally friendly binder for unfired earth
materials, helping to reduce cement consumption and support the development of
sustainable construction materials.

Keywords: Unfired earth blocks; compressed earth blocks (CEBs); geopolymer
stabilized compressed earth blocks; compressive strength.

1. DAT VAN DE

Trong bdi canh ngudn céat xay dwng ngay cang khan hiém [1] va nganh céng
nghiép xay dwng dang chiu ap Iwc I&n trong viéc giam phat thai khi nha kinh tir san
xuat vat liéu truyén thong nhw xi mang va gach nung, cac loai vat liéu dat khong nung
dang duoc quan tam nghién ctru, phat trién va tdi wu héa nhu moét giadi phap xay dwng
bén virng [2, 3]. Trong so do, vat liéu dat khong nung duoc xem la mét hwong tiép
can tiém nang nh& kha ndng tan dung ngudn vat liéu dia phuwong, glam tiéu thu nang
lwong va han ché tac ddng moi trwéng so véi vat liéu nung truyén théng [4, 5].

Tuy nhién, vat liéu dat truyén théng thwdng cé han ché vé cuwong dd co hoc, kha
nang khang nuéc va dc} bén theo th&i gian. Vi vay, xi mang thuéong duwoc st dung
nhw mot chéat két dinh dé cai thién céac tinh chat co hoc va dd bén theo thdi gian cla
vat liéu dat. Mac du vay, qua trinh sa&n xuét xi mang phat thai lwong I&n khi CO,, gay
anh huwéng dang ké dén moi treong va goép phan thic day bién dbi khi hau toan cau.
Do d96, viéc nghién clru cac chéat két dinh than thién méi trwdng hon nham thay thé
mot phén hodc hoan toan xi mang dang thu hat nhiéu sy quan tam, trong dé
geopolymer dwoc xem la mot gidi phap tiém nang [6].



Hinh 1. Ngbi nha dwoc xay dwng bang gach dat nén tinh CEBs
(https://www.earthblocks.in/)

Geopolymer |3 loai chat két dinh v6 co dwoc tdng hop tir cac ngudn aluminosilicate
nhw tro bay, xi 16 cao hoac thly tinh phé thai dwéi tac dung ctia dung dich hoat héa kiém
[7]. Viéc tan dung céc phy pham cong nghiép dé tong hop geopolymer con gop phan
giam phat thai CO, va thuc day xu hwéng kinh té tuan hoan trong xay dung. Cac nghlen
ctru gan day cho thay geopolymer c6 kha nang tao ra cau tric gel dac chéc, gilp cai
thién lién két gitra cac hat dat, giam dd hat nwéc va gia tdng dang ké cwdng dd chiu nén
cla vat liéu dat khéng nung [8, 9].

Mac du tiém nang trng dung cua geopolymer trong vét liéu dat khong nung la rat
I&n, tinh chét co hoc cua vat liéu van phu thudc manh vao dac tinh ctia dat dia phwong,
thanh phan aluminosilicate va néng dé dung dich hoat hoa kiém. Do d6, nghién ctru nay
dwoc thwe hién nham danh gia kha nang (rng dung geopolymer trong phat trién vat liéu
dat khéng nung ché tao theo phwong phap nén tinh, twong tw quy trinh san xuét gach
dat khdng nung nén tinh (Compressed Earth Blocks - CEBs). Hinh 1 gi¢i thi&éu mét cong
trinh s dung gach d4t nén tinh CEB tai An Dé.

Két qua nghién ctu dwoc ky vong sé cung cap co s& khoa hoc cho viéc phat trién
cac loai vat liéu xay dwng xanh cé hiéu nang cao, giam phu thuéc vao xi mang va huéng
t&i phat trién bén virng.

2. CHUONG TRINH THY'C NGHIEM
2.1. Vat lieu
2.1.1. Dét

D4t s dung trong nghién clru dwoc lay tlr khu vee dao nén clia mét dw an dudng
giao théng tai TP H6 Chi Minh. Nguén dat nay c6 thé dwoc tai st dung lam vat liéu xay
dwng thay vi thai bd, dac biét trong bbi canh thiéu hut cat. Mau dat dwoc 1ay & d6 sau 0,5
- 1 m nham han ché chat hiru co. Thanh phan hat dwoc xac dinh theo ASTM D422 (Hinh
2). Ty trong hat va cac chi tiéu déo dwoc xac dinh theo ASTM D854 va ASTM D4318. Két
qua cho thay dat c6 gi¢i han chay 22,2%, gi¢i han déo 14,1% va chi sb déo 8,1%, thudc
nhém dat cé tinh déo trung binh.
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Hinh 2. Thanh phan hat ctia dat s&r dung trong nghién clru
2.1.2. Vét liéu ché tao geopolymer
2.1.2.1. Trong bay (FA)
Bang 1. Thanh phan héa hoc cuda tro bay st dung (% theo khéi lvong)

Thanh | SiO2 | AOs | Fe20 | CaO | MgO | SOz | Na2O | K2O | B | LOI

phan 3 am

% 51,1 | 2258 | 9,9 | 594 | 256 | 2,04 | 3,23 |258| 0,1 | 0,7
7

LOI : mét khéi lwong khi nung

Geopolymer thuwong dwoc tong hop bang cach hoat héa cac tién chét
aluminosilicate nhw tro bay, metakaolin hodc dat sét tw nhién bang dung dich kiém. Trong
nghién ctru nay, tro bay dwoc chon lam ngudn aluminosilicate do cé sdn & Viét Nam, déc
biét tlr cac nha may nhiét dién than, gép phan tan dung phu pham céng nghiép va gidm
tac dong méi trwdng. Tro bay s dung dwoc 1y tir Nha may Nhiét dién DH3, tinh Tra
Vinh. Theo ASTM C618-19 [10], vat liéu nay dwoc phan loai 14 tro bay loai F. Két qua
SEM cho thay tro bay chi yéu gém céac hat hinh ciu véi kich thuwéc khac nhau, déc trung
cho vat liéu pozzolan. Két qua phan tich thanh phan héa hoc cia tro bay dwoc trinh bay
& Bang 1.

2.1.2.2. Dung djch kiém hoat héa

Dung dich kiém hoat héa (Alkaline Activator Solution - AAS) st dung trong nghlen
ctru gom NaOH va Na,SiO;. NaOH tinh khiét 97%, khéi lwong riéng 2,13 g/cm? dwoc sir
dung. Nong d6 NaOH da dwoc nghién ctru phan tich trong cac cong bd trwdc day cla
cung nhém nghién ctru [7-9]. M&c du néng d& NaOH cao hon thwéong lam tidng cudng
dod geopolymer trong khoang 7- 14 M, ndng d6 trén 10 M khéng phu hop cho (rng dung
quy mé I&n do chi phi, an toan va cé thé can tré geopolymer héa do dw ion hydroxide. Vi
vay, nbng dé NaOH 10 M da dwoc chon trong nghién clru cliia bai bao nay d& dam bao
déng thai tinh ky thuat, kinh té va kha nang ng dung réng rai. NaOH ran dwoc thém tw
tr vao nuwdc dé kiém soat phan rng tda nhiét va ddm bao an toan. Dung dich bao gém
hoa tan 31,4% NaOH trong 68,6% nwd&c.

Dung dich Na,SiO; thwong mai gédm 19,3% Na,0, 20,5% SiO, va 60,2% H.,0, khbi
lwong riéng 1,44 g/lcm?®. Cac cdng bb trwdc day clia nhém nghién ciru da chirng minh ti
|& t6i wu gitra Na,SiO; va NaOH 1a 2,5, cho cwéng dd chiu nén cla vira geopolymer cao
nhat. Sau khi pha ché, dung dich kiém hoat héa AAS dwoc lwu gitr & nhiét dd phong 24
gio trwvde khi sty dung.



2.1.2.3. Thanh phan cép phbi geopolymer

Hiéu qua cla chét két dinh geopolymer chiu anh hwéng 1&n bai ty & khéi lvong
gitra dung dich hoat héa kiém va tro bay. Theo cac nghién ctru trudc, ty 18 AAS/FA xép
xi 0,40 dwoc xem la phu hop dé dam bao dong thdi cwdng d6 va tinh cong tac ciia hdn
hop [7-9], [11, 12]. Khi ty I& nay tang tir 0,4 1&n 0,5, hdn hop cd dd linh ddng cao hon, voi
do sut tang khoang 10%. Tuy nhién, cwong dé chiu nén lai giam & mc twong ng. Vi
vay, nghién ctu nay lwa chon ty 1&8 AAS/FA = 0,40 cho cép phdi geopolymer.

Bén canh thanh phan cap phéi, diéu kién dwéng hod cling déng vai trd quan trong
trong sw hinh thanh va phat trién ciu tric geopolymer. Duwéng hd & nhiét d6 cao, dac biét
dén khoang 90°C, c6 thé thuc day phan (rng geopolymer héa va nang cao cuéong do vat
liéu. Tuy nhién, néu nhiét dd qua cao, vat liéu cé thé xuat hién nit vi mé, 1am suy gidm
tinh chéat co hoc. Do do, trong nghién ctru nay, mau dwoc dwdng hd & diéu kién nhiét do
moi trwdng, khodng 28°C, nham han ché tiéu hao nang lwong va danh gia kha nang ap
dung cua vat liéu trong diéu kién thi cong théng thuwong.

2.2. Ché tao mau
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Hinh 3. Nén tinh trong qua trinh ché tao méau

Pé tranh anh hwéng cla vira dén &ng x& co hoc cla hé gach - vira, nghién ctru
lwa chon mau l1ang tru tron, véi ty sd chiéu cao/dwéng kinh 1a 2, theo Tiéu chudn ASTM
D2166. Mau d4t nén cé dwdng kinh 5 cm, chiéu cao 10 cm, dwoc tao hinh bang phuong
phap nén tinh mét Iop trén may ep thay lwc, _trong khudn thép, mo phong quy trinh san
xuét gach dat nén CEBs. Ham lvong nwédc tdi wu stir dung 18 10%.

Sau khi ché tao, mau duoc boc kin va duwdng ho & 28°C, d6 am twong ddi 70%
trong 3 ngay nham han ché nirt do co ngét. Sau d6, mau dwoc thao boc va tiep tuc bao
dwdng trong cung diéu kién.



2.3. Thi nghiém nén mét truc

Sv phat ,trién cwdng dé nén clia mau dwoc khao sat thong qua thi nghiém nén mot
truc tai cac moc tudi 7, 14, 28 va 56 ngay sau khi tao mau, nhw trinh bay trong Hinh 4. O
moi moc thi nghiém, két qua dwoc lay trung binh tir ba mau riéng biét nham bao dam do
tin cay cua so liéu.

w—— RN

Hinh 4. Thi nghiém nén mét truc mau d4t nén

3. KET QUA VA THAO LUAN
* Cuong dd chju nén cua mau CEBs:

Su phat trién cwong d6 nén clia mau dat nén on dinh bang 6% va 10% geopolymer
dwoc trinh bay & Hinh 5. Két qua cho thay d6 phan tan cuwdng do gilba cac mau ché tao
trong phong thi nghiém thap, v&i sai léch duwéi 5%.

Hinh 5 cho thay cwong dd chiu nén clia cac mau dat gia co geopolymer tang theo
thoi gian dudng hd & ca hai ham lwong 6% va 10%. Trong d6, mau s dung 10%
geopolymer ludn dat cuwdng d6 cao hon rd rét so véi mau 6% tai tht ca cac tudi thi nghiém.

Vé&i ham lvgng 6% geopolymer, cwdng do tang tr khoang 1,3 MPa & 7 ngay lén
1,8 MPa & 28 ngay va gan nhu n dinh & 56 ngay, dat khoang 1,85 MPa. Déi v&i mau
10% geopolymer, cwong do tang tir khoang 2,0 MPa & 7 ngay Ién 2,85 MPa & 28 ngay
va dat xap xi 2,9 MPa & 56 ngay. Két qua nay cho thay viéc tang ham lwong geopolymer
gilp cai thién dang ké kha nang lién két, giam doé réng va nang cao do dac chac cla
vat liéu.

Sw phat trién cwérng d6 cha yéu dién ra trong 28 ngay dau, do qua trinh geopolymer
hoa tao thanh cac gel aluminosilicate 1ap day 16 réng va tdng cuong lién két trong cau
tric dat nén. Sau 28 ngay, cwdng do tang khéng dang ké, cho thdy phan (rng déng ran
dan 6n dinh. Vi vay, tudi 28 ngay c6 thé dwoc xem la mbc phu hop dé danh gia cuong
do chiu nén cda vat liéu dat gia cb geopolymer ché tao theo phwong phap CEBs.
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Hinh 5. Cwdng d6 chiu nén‘cﬂa mau d4t trén geopolymer
v&i ham lwong lan lwot 6% va 10%

Hinh 6 thé hién cwong d6 chiu nén clia mau dat gia cwdng geopolymer & tudi 28
ngay. Két qua cho théy, khi tdng ham lwong geopolymer tir 6% lén 10%, cwdng dé chiu
nén & 28 ngay tang 60%. Sw gia tdng nay cho thdy ham lwong geopolymer dong vai trd
quan trong trong viéc cai thién kha nang chiu lwc cua vat liéu dat nén CEBs. Nguyén
nhan la do khi ham lwgng geopolymer ting, cac tinh thé hinh thanh t& qua trinh phan
tng geopolymer héa hinh thanh nhiéu hon, giup lién két cac hat dat chat ché hon. Bong
thoi, cac gel aluminosilicate c6 kha nang 14p day 16 réng trong c4u tric vat liéu, 1am tang
dod dac chac va gidm cac khuyét tat bén trong mau [7]. Nhe dd, kha nang truyén tai trng
suét va chéng pha hoai clia mau dwoc cai thién dang ké.
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Hinh 6. So sanh cwdng dd chiu nén cac mau CEBs & ngay thir 28

Trong nghién ctu nay, cworng d6 nén ctia cac mau 6n dinh bang 10% geopolymer
& 28 ngay la 2,85 MPa, 1a th4p hon céac loai gach xi mang st dung phd bién hién nay
trén thi treong. M&t du gach & Viét Nam dwoc st dung chi yéu cho cac tuwéng khong
chiu lwc, cworng dd chiu nén cdia gach ciing 1a mét trong nhirng yéu t6 anh hudng dén
viéc lwa chon clia ngudi sir dung. Cwédng dd chiu nén cta gach dat nén trén xi méng
trong nghién clru nay cé thé do viéc nén tinh mét I&p ctia mau cao 15 cm chwa thé tao



dwoc modt mau voi do dac chic ddng déu trén toan bd chiéu cao mau, khac véi viec dam
mau theo nhiéu I&p, dic trwng cho phwong phap xay dwng dat nén (rammed earth [8,
9]). Hon nira, nghién ctru trinh bay trong bai bao nay khéng st dung nhiét dé cao (60 —
90°C) cho qua trinh dwdng hé. Viéc sir dung nhiét dd cao cho dwdng hd giup cai thién
cac phan rng polymer hoa, tir d6 nang cao cwdng dé chiu nén cua vat liéu [12, 13], tuy
nhién qua trinh nay tiéu tén nhiéu nang lvong va di kém véi tdng phat thai khi nha kinh
dé tao ra nhiét.

4. KET LUAN, KIEN NGHI VA HUONG NGHIEN CcUPU TIEP THEO
4.1. Két luan, kién nghij

Nghién ctru nay da danh gia kha nang (rng dung geopolymer lam chét két dinh than
thién méi trwdng trong phat trién vat liéu dat khéng nung ché tao theo phwong phap gach
dat nén tinh (CEBs). So v&i cac nghién clru trwdc day chi yéu tap trung vao vat liéu
geopolymer thuan hodc dat gia cb xi mang, nghién ctu hién tai tap trung vao viéc st
dung geopolymer dé gia cd truc tiép ngudn dat dia phwong tai TP H6 Chi Minh, qua d6
gop phan lam ré tiém ndng rng dung thuc té ciia geopolymer trong diéu kién vat liéu ban
dia & Viét Nam. Két qua phan tich cho thay loai d4t str dung c6 thanh phan hat va tinh
déo phu hop cho san xuat CEBs, khéng chiva khoang sét trwong nd Montmorillonite,
trong khi tro bay loai F c6 thé dwoc tan dung hiéu qua 1am ngudn aluminosilicate dé tong
hop geopolymer.

Két qua thi nghi@m nén mét truc cho thdy cwdng d6 chiju nén tang theo thoi gian
duéng ho va tang dang ké khi ham lwong geopolymer tang tir 6% lén 10%. O tubi 28
ngay, mau chi*ra 10% geopolymer dat cwdng do khoang 2,85 MPa, cao hon khodng 60%
so v&i mau chra 6% geopolymer. Két qua nay cho thdy geopolymer c6 kha nang cai
thién hiéu qua lién két gitra cac hat dat théng qua qua trinh hinh thanh gel aluminosilicate,
giup lap day 16 réng va tao ciu tric ddc chac hon cho vat liéu.

Mot diém mdi dang chi y ciia nghién ctru 1a viéc danh gia sy phat trién cwdng do
cla vat liéu theo nhiéu giai doan dwéng hd (7, 14, 28 va 56 ngay) déi voi hé vat liéu dat-
geopolymer ché tao bang phuong _phap neén tinh. Két qua cho thay toc do gia tang cwong
dod sau 28 ngay khong con dang ké, qua dé dé xuét tudi 28 ngay la méc phu hop dé danh
gia cuworng do cla loai vat liéu nay. Ngoai ra, nghién ctru cling gop phan khang dinh kha
nang thay thé mot phan xi mang bang geopolymer nham gidm phat thai CO, trong san
xuat vat lieu xay dwng khéng nung.

4.2. Hwéng nghién cieu tiép theo

Nhin chung, ham lwong 10% geopolymer cho hiéu qua gia cb tét hon so v&i 6%,
cho thay tiém ndng &ng dung geopolymer trong phat trién vat liéu xay dwng xanh va bén
virng. Tuy nhién, dé& lam ré hon kha ndng tng dung thuwc té, cac nghién cru tiép theo
can khao sat thém anh hudng ctia ham lwgng geopolymer tdi wu, dd hat nwéc, dd bén
ngam nudc, co ngoét, dd bén thoi tiét va ng x& cha khéi xay trong diéu kién lam viéc
thuc t&. Bdng thoi, can thuwc hién cac nghién clru danh gia vong deoi, phat thai CO, va
chi phi san xuét nham so sanh toan dién vé&i vat liéu dat gia cb xi mang truyén thdng.
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