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NGHIEN CUU ANH HUONG CUA DUNG DICH HOAT HOA POI VOI
KHA NANG LINH PONG CUA VUA GEOPOLYMER
Effect of activated solution on workability of Geopolymer mortar
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Tém tit — Nghién ciru nay, sir dung céac ty 1¢ va thanh phan dung dich hoat héa khic nhau nham
danh gia anh huong dén kha nang lam viéc ciia vira geopolymer. Thuc nghiém cho thy cac cap phdi
vita c6 ty 1€ dung dich — tro bay cao va ham lugng Na,SiOs trong dung dich cang cao c¢6 kha nang cai
thién d6 linh dong cia vita nhung ciing tac dong dén kha ning giit 6n dinh 16p vira khi ding cho viéc
tao cac 16p vira in 3D. Cac cép phdi véi ty 18 dung dich — tro bay 1a 0,5 va 0,6 theo khéi luong véi co ty
1¢ NaSiO3 — NaOH 1a 1 — 1 cho céc tinh chit vé kha ning lam viéc cua vita geopolymer.Do d6, ngoai
viéc dung ty I¢ dung dich — tro bay cao va ty 1¢ Na,SiO3 — NaOH cao thi cling can c6 kha nang giit 6n
dinh lau dai cho 16p vira.

Abstract — In this research, the investigation with different ratios and compositions of activated
solution to evaluate the influence on the workability of geopolymer mortars. Experiments show that
mortar mixes with high ratios of solution to fly ash and higher Na,SiO; content in the solution have the
ability to improve the flexibility of the mortar but also affect the ability to maintain the stability of the
mortar layer when used for creating 3D printed mortar layers. The mix proportion with ratio of
activated solution — fly ash from 0.5 and 0.6, respectively, and ratio of Na,SiO3 — NaOH is 1 — 1 by
weight for the workability properties of geopolymer mortar. Therefore, in addition to using a high
solution — fly ash ratio and a high Na,SiO; — NaOH ratio, it is also necessary to have the ability to
maintain long-term stability for the mortar layer.

Tir khéa — Dung dich hoat hoa, d6 linh dong, do on dinh, thoi gian chay, vira geopolymer.

1. Gi6i thiéu sw can thiét nhiét dién hién nay va trong tuong lai cua nudce ta
dang ngay ngay thai ra mot luong phé thai tro bay,
tro xi vo cung 16n néu khong duogc xtr Iy va tai sir
dung thi n6 s& gy 6 nhiém méi trudong. Trong
nam 2024 tong luong tro, xi phat thai tir cic nha
may nhiét dién trén ca nudc khoang hon 30 tri€u
tan. Luong phat thai tap trung chii yéu ¢ khu vuc
mién Béc chiém 60 (%), mién Trung chiém 27 (%)
va mién Nam chiém 13 (%) tong luong thai. Viéc
str dung phé thai tro, xi trén lam vat lidu xay dung
B Thiiy dién 15,5% dugc coi 1a giai phap nham giai quyét van dé 6
S, nhiém moi truong hién nay. [2] Véi chu truong
W Bign than 53,2%
va dinh hudng tiép tuc day manh viéc xir 1y tro, xi
= Bign khi 16,8% phat thai tir cac nha mdy nhiét dién dung dé san
B Bién tdi tao 7,5% xudt vat lidu xay dung va sir dung trong cac cong
B Pign hat ahdn 5,7% trinh x4y dung s& tiét kiém ngudn tai nguyén
B Dién kide 13% thién nhién, thay thé vat lidu xdy dung truyén
: thong c6 gia thanh cao do nguén cung ngay cang
khan hiém va giam thiéu dang ké 6 nhiém méi
truong [3].

Trong bdi canh ap luc ting trudng dién t6i
nam 2030 van con rat 16n, Viét Nam dang ddi
mit véi cac ngudn cung cap ning luong tir thiy
dién va nang lugng tai tao chua dap ung duogc
nhu cAu, thi vai trd cta nhiét dién than la nguén
nang luong gia thanh thip co kha niang dap tng
nhanh dé thuc day su phat trién kinh t& xa hoi [1].

Hinh 1. Co ciu cdc nguén ning lwong dén 2030 [1]

Trong do, nhiét dién than cia Viét Nam rit
lac hau so véi thé gidi khi chiém da sb 1a cong
nghé cin t&i han voi dai hiéu suét thip nhit va
cling phat thai 6 nhiém cao nhit. Cac nha may
https://doi.org/10.63783/d1a.2025.069
Ngay nép bai: 14/07/2025; Ngay nhéin ban chinh stra: 24/09/2025; Ngay duyét dang: 22/12/2025

Panda va cong su [4] da nghién ctu kha
nang ung dung cong nghé geopolymer trong jn
3D. Nghién ctru da trinh bay qua trinh phat trién
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hdn hop geopolymer gdc tro bay dé in bé tong 3D.
Anh huéng téi 10 (%) xi 10 cao nghlen min
(GGBS) va bot min silica (SF) trong hdn hop
geopolymer duoc bao dudng trong diéu kién moi
truong xung quanh da dugc nghién ciru vé cac
dac tinh maéi va da dong cung.

Bong va cong su [5] da nghién cuu vai tro
cua cuong do geopolymer dung trong cong nghé
in 3D. Nghién ctru da cho thiy phuong phap tao
thanh geopolymer dé in bé tong 3D dang bot
(3DCP) cho céac tng dung xay dung. Két qua cho
thidy cic mau geopolymer in dugc bao dudng
trong dung dich két hop gdom dung dich natri
silicat cap N va dung dich natri hydroxit (8,0M) &
60°C dat duge do bén nén cao nhat 1a 30MPa.

Vi Van Linh va cong sy [6] da nghién ctu
va danh gid mot sé két qua thuc nghiém vé tng
dung tro bay trong bé tong in 3D. Thuc nghiém
danh gia cho thiy thanh phan va tinh chit cia bé
tong in 3D sir dung cac vat liéu san c6 ¢ Viét
Nam bao gém cat, xi mang, silica fume, tro bay,
phu gia hoéa déo va nudc. Két qua nghién ciru
thuc nghiém cho thiy hoan toan c6 thé ché tao

dugc loai bé téng in 3D c6 do chay loang nim
trong khoang tir 150 dén 200 (mm), thoi gian thi
cong 1 gio.

Nghién ctru cong nghé geopolymer dugc coi
1a mot giai phap thay thé day hira hen cho vat liéu
xi ming dé in 3D nhim ting cudng tinh bén vimng
cua nganh xay dung. Kha ndng quan trong vé ting
dung cta geopolymer in 3D tir goc d quy trinh
san xuat, yéu cau vé kha nang in, thiét ké hon hop,
tinh cht vat liéu giai doan diu va tinh bén vimng.
Nghién ctru nay thuc nghiém dénh gia anh hudéng
cua dung dich hoat hoa dén kha nang lam viéc
cua vira geopolymer dung cho viéc st dung trong
in 3D.

2. Nguyén vat licu va phwong phap thuc
nghiém

2.1. Nguyén vit liéu

Tro bay dugc tai sir dung tr cic nha may
nhiét dién c6 khéi luong riéng 1a 2,17 (g/ecm?) va
d6 min thoa diéu kién 94 (%) lot qua c¢& sang 0,08
(mm).

Bing 1. Thanh phéin héa ciia tro bay

Thanh phin | SiO; | ALO; | Fe;Os

CaO

Na;O | MgO | SO; | Mit khi nung

% 53,5 34,8 4,1

1,2

0,3 0,83 0,25 8,87

Thanh phén hoa trinh bay trong Bang 1 cat
dugc str dung 14 cat min, c6 khéi luong riéng 2,61
(g/cm?), khdi luong thé tich 1,45 (g/cm?), md dun
d616n 0,8.

Dung dich hoat hoa dung dé tao phan tng
két dinh vat liéu hon hop chinh 1a dung dich
Sodium Silicate (Na,SiO3) va dung dich Sodium
Hydroxide (NaOH). Trong dung dich Sodium
Silicate thi ty 1¢ Si02/Na,O = 3,2.

2.2. Thanh phan cap phéi va phwong phdp

(Nguon: Tdc gid tong hop)
thuc nghié¢m

Thanh phan cép phdi vita geopolymer duoc
thiét ké voi ty 18 tro bay — cat duoc thiét ké véi ty
1& 1-3 theo khdi lwong. Ty 18 dung dich hoat hoa
geopolymer — tro bay duoc st dung lan luot 1a
0,5 va 0,6 theo khdi lwong. Trong dung dich hoat
héa geopolymer, ty 1& gilta Na,SiOs (SS) va
NaOH (SH) duoc thay ddi véi ty 1& 1an luot 14 0,5;
0,75; 1; 1,25 va 1,5 theo khdi luong.

Bdng 2. Thanh phén cép phéi vita geopolymer

G1HI1 0,5 500 1500 67 133
G1H2 0,75 500 1500 86 114
G1H3 0,5 1 500 1500 100 100
G1H4 1,25 500 1500 111 89
G1H5 1,5 500 1500 120 80
G2H1 0,5 480 1140 79 157
G2H2 0,6 0,75 480 1140 101 135
G2H3 1 480 1140 118 118
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G2H4 1,25 480 1140 131 105
G2H5 1.5 480 1140 142 94

_ (Nguon: T dc gid tong hop)
- Hon hgp vita geopolymer dugc xac dinh do - Thoi gian chay cia hon hop vita

lwu dong theo Tiéu chuan Québc gia TCVN 3121-
3:2003.

- Hé sb 6n dinh cua vita geopolymer duoc
xac dinh theo bang ty 1& bé rong trung binh cua
16p vira trudc va sau khi thao con mini xac dinh
d6 luu dong theo TCVN 3121-3: 2003.

160

geopolymer dugc xac dinh theo tiéu chuan coa
Chau Au EFNARC 2002.

3. Két qua thwe nghiém va danh gia

3.1. Anh hwéng dung dich hoat héa dén dj linh
dong cua vira geopolymer

Puong kinh hon h

£

< 120

S

>

o 100

o
80
60
40
20
0 |

0.5 0.75 1 1.25 1.5

Ty 1é Na,SiO; — NaOH
Hinh 2. Mi quan hé giiva ding dich hoat héa va dp linh dpng ciia viva geopolymer

Khi dung dich hoat hoa thay ddi ty 1& cua
Na,SiO3 — NaOH lan luot tir 0,5 dén 1,5 anh
huong dén kha ning lam viéc va tinh chét cua
vira geopolymer. Két qua thuc nghiém trén Hinh
2 trinh bay cAp phbi G1HI c6 d6 bet dat 110 (mm)
va ¢6 xu hudng ting dan khi ty 1& Na,SiO; —

NaOH trong dung dich hoat hoa tang dan. Cép
phoi G1HS c6 d6 bet dat 142 (mm), tang khoang
30 (%) tinh linh dong cua vira.

o 32, Anh hwéng ciia dung dich hoat héa
dén dp on dinh ciia vita geopolymer
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1.25 1.5

1
Ty & Na,SiO; — NaOH

Hinh 3. Anh hwéng ciia dung dich hoat héa dén dp én dinh ciia vita geopolymer

Thuc nghiém trén Hinh 3 thé hién hé sb én
dinh ctia hén hop vira dat 0.78 véi cap phdi GIH1
c6 ty 1€ Na,SiOs; — NaOH = 0,5 va ¢6 xu hudng
giit 6n dinh gia tri nay voi ty 18 Na,SiO; — NaOH
= dat dén 1, sau d6 hé sb 6n dinh cia vira co xu

huéng giam dan khi cang ting ty 1é nay trong
dung dich hoat hoa. Cap phdi GIHS cho thay hé
6 6n dinh vita dat 0,72. Sy 6n dinh cua hdn hop
vita giam di khoang 20 (%) khi ty 1¢ Na,SiO; —
NaOH 16n hon 1 trong thanh phan dung dich hoat
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hoa geopolymer cho thdy khi d6 d6 nhot cua vira
s€ vuot qua ing suat dinh lam thay d6i kha nang
gilr chiéu cao vira on dinh.

20

3.3. Anh hwong dung dich hoat héa dén
thoi gian chdy cua vita geopolymer
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Thoi gian chay ( s)
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Hinh 4. Anh hwéng ciia dung dich hoat héa dén thoi gian chéy ciia viva geopolymer

Thuc nghiém trén Hinh 4 trinh bay tac dong
clia ty 16 NaySiOs; — NaOH dén thoi gian chay cuia
vita geopolymer. Cép phéi G1HI1 cé thoi gian
chay dat 18,4 (gidy) va c6 xu hudng giam dan
thoi gian chay khi thyc nghiém ting dan ham
luong NaSiOs trong dung dich hoat hoa.

Cép phdi G1HS c6 thoi gian chay trong phéu
con 11,2 (gidy), giam dén hon 30 (%). Piéu nay
cho thdy thanh phan thay ddi trong dung dich
hoat héa v6i xu hudng tdng sodium silicate lam

180

cho hén hop vira c6 d6 nhét duge gia tiang, kéo
theo hon hop vita c6 do dinh két va chay khoi
phéu nhanh hon. Tinh chit nay kha quan trong
trong viéc thay doi dic tinh cta vita geopolymer
thuong dé chuyén thanh vita geopolymer c6 kha
nang dinh két, tur chay khdi miéng rai cho viéc tao
thanh céac 16p vat li€u lién tuc khi st dung cho
cong ngh¢ in 3D.

3.4. Anh hwéng 1y 1¢ dung dich hoat héa
khd nang lam viéc ciia vita geopolymer

160
140

=
N
o

100

0! I I
05 0.75

8

o

6

Puong kinh vira (mm)
o

4

o

2

o

B Dung dich - tro bay = 0,5
B Dung dich - Tro bay = 0,6

1.25 1.5

Ty 1& Na,SiO; — NaOH
Hinh 5. Moi quan hé giiva ty 1¢ dung dich hoat héa va dg linh dgng ciia vica geopolymer

Két qua thuc nghiém trong Hinh 5 trinh bay
anh hudng cua dung dich hoat hoa dén d6 bet cua
hén hop vita geopolymer. Cap phdi sir dung ty 18
Na,SiO; — NaOH = 0,5 cho thiy G2H1 ¢6 d bet
dat 115 (mm), cao hon so v6i G1HI1. Khi ty 1€ 1¢
Na,SiO; — NaOH trong cic cép phdi cang ting
thi xu huong do bet dugc cai thién voi ty 1€ dung

dich — tro bay cao. Cap phdi G2H5 c6 do bet dat
dén 162 (mm), ting dén 40 (%) so v6i G2H1 va
tang hon 15 (%) so v6i G1HI. Diéu nay cho thay,
cip phdi vita co ty 18 dung dich — tro bay cao va
ham lugng Na,SiOs trong dung dich cang cao thi
c6 kha nang cai thién kha nang linh dong cua vira
geopolymer.
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Két qua thuc nghiém trong Hinh 6 trinh bay
anh hu?("mg~ cua dung dich hoat hoa dén hé s6 on
dinh cta hon hop vita geopolymer.

Cap phbi sir dung ty 1& Na;SiOs — NaOH =
0,5 cho thdy G2H1 c6 hé sé 6n dinh dat 0,8 so
v6i 0,78 cua cAp phdi GIHI. Khi ty 18 16 Na,SiOs
— NaOH = 0,75 thi hé s6 6n dinh van duoc gitt on
dinh trong G2H2. Khi ty 1& Na,SiO; — NaOH tiép

tuc ting thém thi hé s6 6n dinh c6 xu hudng giam
xuong.

Cip phbi G2H5 c6 hé sb 6n dinh chi con
0,69. Véi ty 1¢ Na;SiO; — NaOH = 1-1,5 thi cac
cap phdi GIH3, GIH4 va GI1H5 cho thiy kha
nang gitr 6n dinh vira geopolymer tot hon so véi
cac cap phdi G2.

0.8
0.78
0.76
0.74
0.72

0.7
0.68
0.66
0.64
0.62

Hé s6 on dinh

AN R

0.82
0.5 0.75

B Dung dich - tro bay = 0,5
B Dung dich - Tro bay = 0,6

1.25 1.5

1

Ty 1& Na,SiO, — NaOH

Hinh 6. Mi quan hé giiva ty 1¢ dung dich hoat héa va hé sé on dinh ciia vita geopolymer
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Ty 1é Na,SiO; — NaOH
Hinh 7. Moi quan hé giiva ty 1¢ dung dich hoat héa va théi gian chdy ciia vita geopolymer

Két qua thyc nghiém trong Hinh 7 trinh bay
anh huong cua dung dich hoat hoa dén thoi gian
chay ctia hon hop vita geopolymer.

Cép phi sir dung ty 1¢ Na;SiOs — NaOH =
0,5 cho thay G2H1 co dat 16,3 (gidy), thap hon so
cap phoi G1H1.

Khi ty 1¢ 1& Na;SiO; — NaOH tang dan thi
cac cap phoi G2 c6 xu hudng rat ngén dan thoi
gian chay.

Khi ty 18 Na,SiO; — NaOH = 1.5 thi cap phdi
G2HS c6 thoi gian chay con 9,5 (gidy), rat ngin
duogc dén 40 (%) so véi G2HI va rat ngan 50 (%)
so voi GI1HI.

4. Két luan

Nghién ciru st dung ty 1& va thanh phin
dung dich hoat hoa thay d6i nhim danh gia anh
huong dén kha ning lam viéc cia via
geopolymer dung cho cong nghé in 3D dat dugc
cac két qua cho thiy cac cip phdi vira c6 ty 18
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dung dich — tro bay cao va ham lwong NaSiOs
trong dung dich cang cao cé kha niang cai thién
d6 linh dong cta vira nhung ciing tic dong dén
kha ning giit 6n dinh 16p vira khi dung cho viéc
tao cac 16p vira in 3D.

Céc cip phdi G1 va G2 co ty 18 Na,SiOs —
NaOH 14 1-1 cho cac tinh chit vé kha ning lam
viéc cua vira geopolymer. Do do, ngoai viéc dung
ty 1¢ dung dich — tro bay cao va ty 1¢ Na,SiOs —
NaOH cao thi ciing can ¢ kha nang giit 6n dinh
lau dai cho 16p vira.
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