TAP CHi KINH TE - CONG NGHIEP

NGHIEN CUU SONG MICROWAVE DUNG HOAT HOA TRO BAY
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Study on microwave energy to improve activation of fly ash on Geopolymer
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Tém tit — Nghién ctru nay, sir dung tro bay hoat hoa geopolymer véi ty 18 chat 1ong kiém va tro
bay khac nhau. Trong d6, qué trinh dudng hd cho hoat hoa tro bay bang nhiét d6 va vi song. Ning
lwong microwave sir dung c6 cac mic 100, 200 va 400 W va thoi gian dudng ho khac nhau. Két qua
cho thdy trong diéu kién dudng ho trong méi truong ning luong microwave, cudong do nén dat duogce tir
5 dén 7 MPa v6i muc ning luong microwave 100W trong khoang thoi gian tir 3 dén 10 phut. Qué trinh
geopolymer hoa c6 thé dugc cai thién v6i nang lugng vi song va thoi gian luu nhiét 1au hon. Khi do,
cuong d6 nén khoang 10 Mpa véi mic nang lugng microwave 400W trong 10 phut.

Abstract — In this research, geopolymer is obtained from fly ash coal-thermal power with various
ratio of alkaline liquid and fly ash. Moreover, microwave energy in range of 100, 200 and 400 W is
used. The results are indicated that the compressive strength is obtained from 5 to 7 MPa with energy
100W in range from 3 to 10 minutes. The geopolymerization can be improved with higher in
microwave energy and curing time. Then, compressive strength is about 10 Mpa with energy 400W on

10 minutes curing.

Tir khoa — Tro bay, hoat hoa, bé tong geopolymer, cuong d9, fly ash, activation.

1. Sw can thiét cia dé tai

Bién d6i khi hau hién nay khong con 1a
van dé trén dién dan hoc thuit ma di tro
thanh mot thach thirc toan cau va dang 1a mot
nhiém vu cap thiét ddi véi Viét Nam. Hoi
ddng Cong trinh xanh thé gi¢i (WGBC) da
xdy dyng tdm nhin dén niam 2030 vé cong
trinh xanh, nhdn manh muc tiéu carbon van
hanh bang khong va giam 40% carbon ham
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chira. Bén 2050, myc tiéu 1a co cic cong trinh
v6i carbon van hanh va ham chtra bang
khong. Chinh phu Viét Nam cling da ban
hanh Nghi dinh s6 06/2022/ND-CP vé viéc
giam nhe phat thai khi nha kinh va bao vé
tang 0- -zon [2]. Diéu nay chimg to sy cam két
va quyet tdm cua nganh trong viéc giam khi
thai va (mg ph6 vai bién doi khi hau.
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Hinh 2. Ung dung tro bay trong nhiéu linh vic trén thé gigi

Gidi phap bé tong xanh la thudt ngtr chi
loai bé tong duogc thiét ké nhim giam thiéu
tac dong tiéu cuc dén moi truong va tang tinh
bén ving cta dbi tugng xay dung. Mot trong
nhitng loai chit thai vira dugc nghién cuu,
mg dung thanh cong dé ché tao bé tong xanh
1a tro bay. Thay thé xi mang v6i ham luong
cao trong san xuat bé tong, tro bay gitp giam
b6t nhu cau vé xi ming trong xay dung, khi
ma qua trinh san xuit xi mang dang giy 6
nhiém ngay cang tram trong cho méi truong
[4; 5].

Tac gia Das (2009) da nghién clru va
nhan dinh phuong phdp dung ndng luong
microwave dang ndi 1én nhu mot phuong
phap thiéu két cai tién cho nhiéu vat lidu
truyén thong tir dat sét ciing nhu vt lidu tong
hop polyme va polyme. Nghién ctru da xu 1y
cac vat liéu vo dinh hinh bang cach gia nhiét
bang microwave. Bén canh d6, nguoi ta di nd
lyc nghién ctru déc tinh gia nhiét cua vat liéu
trong dién truong va tir trudng & tAn sb
microwave.

Tac gia Somaratna va cong su (2010)
nghién ctru va cho thay rang gia nhiét thé tich
duoc cung cip boi phuong phép xir 1y bang

microwave giup phat trién dic tinh nhanh
hon so voi phuong phép xir 1y bang nhiét
thong thuong. Tac gid Cheng va cong su
(2022) nghién ctru sy khac biét vé thong s6
qua trinh va co ché thiéu két giira thiéu két
microwave va thiéu két thong thuong cho
thdy viéc st dung ning luong microwave co
kha ning thiic day cac phan tng dong déu va
hiéu qua hon.

Nghién ctru nay su dung tro bay lam vat
liéu alumino - silicate dé hoat héa véi méi
truong dung dich kiém nham tao cuong do
cho bé tong geopolymer. Qua trinh hoat hoa
duoc thuc nghiém bang cac muc ning lugng
microwave khac nhau va thoi gian dudng ho
khac nhau nham danh gia anh huéng dén quéa
trinh geopolymer hoa.

2. Nguyén vat liéu va phwong phap thuc
nghiém

2.1. Nguyén vit li¢u

- Tro bay dugc tai st dung tir cdc nha
may nhiét dién c6 khéi luong riéng 1a 2,5
g/em® va d6 min thoa diéu kién 94% lot qua
¢ sang 0,08 mm. Thanh phan hoéa trinh bay
trong Bang 1.

Bing 1. Thanh phin héa ciia tro bay

Thanh phin | SiO; | ALO; | FeO;

CaO Na,O MgO SO; MKN

% 53,5 34,8 4,1

1,2 0,3 0,83 0,25 8,87

- b4 duoc st dung co Dmgx 20 mm,
khoi lugng riéng 2,72 g/cm?, khoi luong thé
tich 1,62 g/cm’.

- Cat duogc st dung la gét song, céﬁ khdi
lugng riéng 2,61 g/cm?, khoi luong thé tich
1,45 g/cm®. M6 dun d9 16n 1,8.
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- Dung dich hoat héa ding dé tao phan
tmg két dinh vat liéu hdn hop chinh 13 dung
dich Natri silicate (Na2SiO3) va dung dich
Natri hydroxide (NaOH). Trong dung dich
sodium silicate thi ty 1€ Si02/Na,O = 3,2.

2.2. Thanh phdn cdp phoi va phwong
phap thwc nghiém

Nhao tron khdé cac thanh phan nguyén
li¢u sau khi dinh lugng nhu d4, cat, tro bay
trong vong 2 phut bang may tréon. Dung dich
sodium hydroxit dugc pha tron theo ty 1¢ 10
mol/lit bang cach st dung nguyén liéu kho
pha v6i nudc va dé ngudi dén nhiét do phong
trong 24 gid. Hon hop dung dich hoat héa

bao gébm Natri silicate va Sodium hydroxide
duoc dinh luong theo ty 16 1-1 va pha tron dé
tao thanh dung dich. Sau d6 dung dich hoat
héa dugc cho vao hdn hop bé tong da tron
kho va nhao tron udt, qua trinh nhao tron udt
trong khoang 3 phut bang may tron. Bé tong
duoc ché tao ¢o cép do bén thiét ké B25 theo
TCVN 5574:2018. Tro bay dugc dung lam
nguyén li¢u chinh cho qua trinh hoat hoa
geopolymer véi khdi luong 300 kg/m®. Dung
dich hoat hoa geopolymer duoc thay d6i véi
ty 1& dung dich hoat hoa - tro bay lan luot 1a
0,6; 0,7; 0,8; 0,9 va 1 theo khdi lwong. Thanh
phan cdp phdi cua bé téng duoc trinh bay
trong Bang 2.

Bing 2. Thanh phan cip phéi bé tong geopolymer

Cép phdi | Ty 1é dung dich/tro | Tro bay (kg) Cit (kg) P4 (kg) | Dung dich (lit)
Al 0,6 300 840 1130 180
A2 0,7 300 810 1130 210
A3 0,8 300 780 1130 240
A4 0,9 300 750 1130 270
A5 1 300 720 1130 300

Hon hop bé tong sau khi nhao tron theo
thanh phan cip phdi sé& duoc xac dinh do syt
va tao mau trong khuon. Bé tong geopolymer
duoc dudng ho thiét bi microwave sir dung
cac muc nang luong trung binh (100 W);
muc nang lugng trung binh cao (200 W);
mic nang lugng cao (400 W). Thoi gian

dudng ho lan luot 1a 3 phat, 5 phat, 10 phut.
Bé tong geopolymer s& dugc xac dinh cuong
dd nén theo TCVN 3118-2022.

3. Két qua thwe nghiém va danh gia

3.1. Anh hwong dung dich hoat hoa dén
do linh dong cia hon hop bé tong

25
20 y=0.7857x2-0.0143x + 1.4
R2=0.998
T 15
5
210
.
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Hinh 3. Méi quan hé giita ding dich hoat héa va dp sut hén hop bé tong

Két qua thyc nghiém hinh 3, khi ty 18
dung dich hoat hoa - tro bay 0.6 thi do sut dat
2 cm. Khi tng ty 1€ dung dich hoat hoa trong
cap phdi thi d6 déo ciia hdn hop bé tong c6
xu hudng ting dan. Khi ty 1& dung dich ting
tir 0.6 dén 1 theo khéi lugng tro bay thi do sut
tang khoang 10 lan va dat dén 21 cm. Do d6

do sut cia hon hop bé tong sir dung tro bay
va dung dich hoat hoa c6 xu hudéng tang
tuyén tinh voi ty 1€ dung dich sir dung.

3.2. Anh hwong ciia ning lwong
microwave va thoi gian dén khd nang hoat
hoa
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Hinh 4. Moi quan hé giiva dung dich hoat héa va ning lwong microwave 100W trong 3 phiit

Két qua thuc nghiém trén hinh 4 cho
thiy khi ty 1¢ dung dich hoat héa - tro bay 0.6
trong moi truong dudng hd bing song
microwave voi khoang thoi gian 3 phut thi
cuong do cua bé tong dat 4,1 MPa. Khi tang
ty 1¢ dung dich hoat hoa - tro bay tir 0.6 dén
0.9 thi cuong d6 c6 xu huéng ting dan dén
5,5 MPa. O ty 1¢€ dung dich hoat hoa - tro bay
1 thi cuong do cua bé tong c6 xu hudng giam

9

dén 20%. Diéu nay cho thay tro bay chira cac
thanh phan alumino - silicate c6 kha ning
hoat hoa tao cuong do trong moi trudng nang
luong song microwave, qua trinh nay cd xu
huéng ting cuong cic chudi polymer do
cuong do ting dan theo ham luong dung dich
kiém. Khi dung dich kiém vuot qua kha ning
hoat hoa thi cuong do cia bé tong cod xu
hudng giam.

B Microwave 5 phut
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M Microwave 10 phut
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Hinh 5. Méi quan hé giita dung dich hoat hoa va nang lwong microwave 100W trong 5 va 10 phit

Khi str dung thuc nghiém vd&i thoi gian
dudng h kéo dai thi cuong do bé tong co xu
huéng duoc cai thién. Hinh 5 cho thiy cuong
d6 bé tong dat dén 4,9 va 6,6 MPa vdi ty 16
dung dich hoat héa 0,6 tang hon 20% khi kéo
dai thoi gian dudng ho microwave dén 5 va
10 phat. Khi ting dan ham luong dung dich
hoat hoa dén 0,7 va 0,8 so véi tro bay thi

cuong do hoat hoa déu c6 xu hudng ting dan
dén 30% khi ding 5 va 10 phat. Khi ham
lwong dung dich ting dén 0,9 va 1 voi voi tro
bay thi cuong do hoat hoéa lai c6 xu hudng
giam. Két qua nay cho thiy khi ty 1& dung
dich hoat hoéa - tro bay trong bé tong
geopolymer ¢ muc 0.8 1a phu hop véi didu
kién dudng ho bang song microwave 100 W.
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3.3. Anh hwéng ning lwong microwave khdc nhau dén qud trinh hoat héa
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Hinh 6. Moi quan hé giia dung dich hoat héa va ning lwong microwave 200W

Hinh 6 cho thay khi ting ty 1& dung dich
hoat héa - tro bay tir 0.6 dén 0.8 thi cuong do
¢6 xu huéng ting dan & hau hét ca cac mée
thoi gian dudng hg. Khi ty 1€ dung dich hoat
hoéa - tro bay 0.9 thi cudong do cua bé tong chi
tang & mdc thoi gian 3 phat so voi ty 18 dung
dich trude @0, con cac thoi gian khac thi déu
giam. O ty 1¢ dung dich hoat hoa - tro bay 1
thi cuong do cuia bé tong chi dat xp xi véi ty
1€ dung dich hoat héa - tro bay 0.6. Két qua
nay cho thay khi ty 1& dung dich hoat hoa -
tro bay trong bé tong geopolymer & murc 0.8

1a phu hop véi didu kién dudng hd bang song
microwave 200 W.

Khi tang ty 1€ dung dich hoat héa - tro
bay tir 0.6 dén 0.8 thi cuong do c6 xu hudng
tang dan ¢ hau hét ca cac mbc thoi gian
dudng ho nhu trén hinh 7. Khi ty 1€ dung
dich hoat hoa - tro bay 0,9 thi cuong do cua
bé tong chi ting & mdc thoi gian 5 phut so
voi ty 1€ dung dich trudc d6 nhung gid tri
tang khong nhiéu, con cac moc thoi gian khac
thi déu giam.
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Hinh 7 Méi quan hé giita dung dich hoat hoa va nang lwong microwave 400W
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O ty 1¢ dung dich hoat héa - tro bay 1 thi
cudng d6 cua bé téng chi dat xap xi véi ty 18
dung dich hoat hoa - tro bay 0,6. Két qua nay
cho thiy khi ty 1& dung dich hoat hoa - tro
bay trong bé tong geopolymer ¢ muc 0,8 1a
pht hop véi diéu kién dudng ho bang séng
microwave 400 W, cuong do cua bé tong dat
cap do bén B10.

4. Két luan

Nghién ctru st dung tro bay phé thai cua
cac nha may nhiét dién dung thay thé xi
ming trong bé téng két hop véi dung dich
hoat hoa, dugc dudng hd trong moi truong
microwave voi thoi gian dudng hd khéc nhau
dat duoc cac két qua sau:

- Do sut cuia bé tong geopolymer cé xu
huéng ting tuyén tinh véi ty 16 dung dich
hoat hoa - tro bay. Khi ty 1¢ dung dich hoat
hoa - tro bay 0.6 thi kha nang linh dong cua
hdn hop bé tong rat thap. Khi ty 1& dung dich
- tro bay thay d6i tir 0.6 dén 1 theo khdi
lugng thi kha ning linh dong cua hon hop
duoc ting cudng dén 5-6 lan.

- Cuong do cua bé tong geopolymer dat
khoang 5 MPa vdéi nang lugng microwave
100W trong thoi gian 3 phat. Khi thuc
nghiém tang thoi gian dudng ho 1én 5 va 10
phut thi cuong do bé tong cé xu hudng cai
thién 15 dén 30%, va dat dén gan 9 MPa.

- Khi tdng mirc nang lugng microwave
1én 200 W vdi thoi gian dudng ho 3 phut thi
cuong do cta bé tong geopolymer dat gan 7
MPa. Khi thyc nghi¢m tang thoi gian trong
microwave lén 5 va 10 phut thi cuong do bé
tong ciling c6 xu hudng ting tuyén tinh, va co
thé dat gan 12 MPa.

Khi ting muc nam lugng song
microwave 1én 400 W véi thoi gian dudng ho
3 phut thi cuong do cua bé tong geopolymer

dat 8.5 MPa. Khi thuc nghiém tang thoi gian
trong microwave 1én 5 va 10 phut thi cuong
do bé tong cing c6 xu hudng tang tuyén tinh,
va c6 thé dat dén cip d6 bén B10. Cac cip
phdi cho thay ty 1¢ dung dich - tro bay 14 0.8.
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