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Tém tit — Céc nha may dién hoat dong sé thai ra mot lugng 16n tro bay va xi day, day la chit thai
rén nguy hai ¢6 thé anh huéng nghiém trong dén méi trudng. Nghién ciru nay sir dung xi day nhiét dién
thay thé cho cét trong thanh phan cip phdi bé tong voi ty 18 tir 25 dén 100% theo khdi luong. Thanh
phén xi day c6 mo dun d6 16n lan luot 1a 1,87; 2,25 va 2,83 phan thanh cac nhom xi 1,2 va 3. Két qua
thuc nghiém cho thdy kha ning lam viéc cia bé tong ding xi ddy giam manh khi dung xi thay thé tir 25
dén 100% trong cap phdi. Do sut bé tong giam manh dén 60% khi xi dung thay thé hoan toan cat trong
bé tong. Cuong do chiu nén va cudng do kéo khi bura giam dén hon 50% khi dung hoan toan xi day. Gia
tri van tdc xung siéu 4m véi bé tong xi giam dan khi dung xi do giam sy dic chic trong ciu triic cua vat
lidu.

Abstract — Power plants in operation will discharge a large amount of fly ash and bottom slag,
which are hazardous solid wastes that can seriously affect the environment. This study uses thermal
power bottom slag to replace sand in the concrete mix composition at a ratio of 25 to 100% by mass.
The bottom slag composition has a modulus of magnitude of 1.87; 2.25 and 2.83, respectively, divided
into slag groups 1, 2 and 3. Experimental results show that the workability of concrete using bottom
slag is sharply reduced when slag is used to replace 25 to 100% in the mix. Concrete slump is sharply
reduced by 60% when slag completely replaces sand in concrete. Compressive strength and tensile
strength when splitting are reduced by more than 50% when bottom slag is completely used. The value
of ultrasonic pulse velocity with slag concrete gradually decreases when using slag due to the reduction
in the density of the material structure.

Tir khoa — Xi day, cbt licu, cuong do, bé tong, coal slag, aggregate, strength, concrete.

1. Téng quan

Trong bdi canh ap luc ting truong dién
tGi nam 2030 van con rit 10n, cac ngudn thity
dién va nang luong tai tao chua dap ung duoc
nhu cau, thi vai trd cua nhiét dién than la
ngudn ning luong dé thuc day sy phat trién
kinh té - x4 hoi. Thu tuéng Chinh phii phé

duyét Quy hoach phat trién dién luc qudc gia
thoi ky 2021 - 2030, tam nhin dén nim
2050 theo Quyét dinh sé 500/QD-TTg nim
2023 trong d6, ning lugng cung cap tir nguon
nhiét dién than dat 30.127 MW chiém 20%
trong co cau nang luong [1].

Hinh 1. Quy hoach ndng lwong ciia Viét Nam dén 2045
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Nham st dung tro, xi, cac yéu cau phap
1y va bién phap k¥ thuat can phai duoc xem
xét. Viée (mg xr v6i tro, xi & cac qudc gia 1a
khéac nhau. Tro, xi duoc coi 1a chit thai, chét
thai khong nguy hai, chit thai ran, cht thai
tro, hodc tai nguyén, phu phém duoc st dung
rong rai trong cac ung dung xdy dung. Trén
thé gidi, ting trudng kinh té toan cau di dat

dugc nhitng thanh tyu to 16n, tuy nhién cung
v6i d6 13 su thiéu hut tai nguyén thién nhién,
6 nhiém moi truong gia tang. Bé khic phuc
nhimg vin dé& nay, cac nudc trén thé gidi,
trong d6 c6 Viét Nam dang hudng den phat
trién kinh té tudn hoan nham giai quyét thach
thirc gitra ting truong kinh té va bao vé moi
truong [2].
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Hinh 2. M6 hinh tdi ché chit thdi tiv kinh té tuyén tinh sang kinh té tudn hoin

Viéc tai sir dung tro bay tir cdc nha may
nhiét dién than duoc nhiéu nudc trén thé gisi
thuc hién nhu: My, Nhat Ban, Trung Quéc. ..
va ludn duogc khuyén khich st dung tro, xi tir
nha may nhiét dién than trong xay dung
duong sa, 1am phuy gia trong san xuét xi mang,
bé tong va vat liu xay dung. Tro bay, xi néu
dat tiéu chuan dung lam phu gia cho san xuat
xi mang s& lam giam chi phi san xuét xi mang;
bé tong dung tro bay s€ lam giam lugng xi
ming va lam tang tinh bén chic cua cong
trinh. Ngoai ra, tro xi con dugc su dung dé
lam chét lién két gia cb cac cong trinh giao
thong, san xuat gach khong nung, bé tong nhe,
lam tAm tran, tuong thach cao, gbm st rat
hiéu qua. Vi¢c tai su dung tro bay, dugc quan
Iy tot s& dem t6i lgi ich vé kinh té - xa hoi va
moi truong [3].

Singh va cong su (2020) da nghién ctu
tro xi day 1a san pham phu ctia nganh than va
dugc san xuat v6i lugng 16n tir cic nha may
nhiét dién dot than. Viéc sir dung xi day trong
san xuat bé tong dé xuét cach xur 1y kinh té va
sinh thai. Déng thot, viéc st dung n6 s€ bao
ton tai nguyén thién nhién va thuc day tinh
bén vitng.

Muthusamy va céc cong sy (2021)
nghién ctru vé tai st dung tro ddy cua nhiét
dién dung than da cho rang can phai cai thién
tinh bén viing cua bé tong bang cach két hop

cac san phdm phu thai, d@)ng thoi kiém soat
viée st dung cat song quy gia clng nhu dat
dai vo gia dé tro thanh khu xir 1y chat thai.
Tro day cua nhi¢t dién than la mot trong
nhimng san pham c6 thé sir dung 1am chat thay
thé cat song trong bé tong.

Zhou va cong sy (2022) da nghién ciu
vé tro xi day va danh gia rang méc du thé gidi
dang dan huéng toi cac ngudn nang luong tai
tao, nganh than sé& tiép tuc 1 nganh cung cap
nang lugng chinh trong twong lai gan.

2. Nguyén vat liéu va phwong phap thuc
nghiém

Céc tac gia chi can thém cac noi dung
cua bai bdo vao phién ban dién tr cua van
ban dinh dang nay dé c6 duoc bai bao duge
dinh dang theo dung yéu cau.

2.1. Nguyén vit li¢u

- Xi méang dugc su dung la PCB40 c6
cac tinh chat co ly va thanh phan hoa trinh
bay trong bang 1.

- b4 dugc st dung cé Dmax 20 mm,
khoi luong riéng 2,73 g/cm?, khoi lugng thé
tich 1,63 g/cm’.

- Cét duogc st dung la cat song, co khdi

luong riéng 2,62 g/em’, khdi lugng thé tich
1,47 g/em®, ¢c6 mo dun do lon 1,83.
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Bing 1. Thanh phéin héa ciia xi nhigt dién

Xi day dugc lay tir nha may nhiét dién
theo cong nghé ddt than phun ¢ kich thudc
nhé hon 10 mm, thanh phén hat dugc gia
cong bang may nghién va phan loai qua sang

100

Thi‘l‘nh SiOz Ale3 Fe203 Ca0O MgO TiOz Na20 KzO SO3 Khac
phan
% 32.87 | 18.85 13.21 22.54 5.06 0.96 0.5 0.5 4.34 -

5mm. Xi nhiét dién c6 khdi luong riéng 2,34
g/cm®. Thanh phan vat 1y va héa hoc cta xi
nhiét dién duoc trinh bay trong Bang 2 va 3.
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2.2. Thanh phan cdp phoi va phuwong
phap thwc nghiém
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Hinh 3. Thanh phin hat ciia cdc nhém xi ddy theo TCVN 7572: 2006

_ Thanh phﬁn cip phdi bé tong dugc thiét
ke cap do bén B25 theo TCVN 5574:2018 va
duogc trinh bay trong Bang 2.

Bing 2. Thanh phén cip phéi bé tong ding xi ddy

Cap phoi | Ty I1¢ thay thé (%) | Ximing (kg) | Cat(kg) | Xi(Kg) | Pa(kg) | Nuéc
(lit)
A0 0 350 760 0 1120 240
Al 25 350 570 190 1120 240
A2 50 350 380 380 1120 240
A3 75 350 190 570 1120 240
A4 100 350 0 760 1120 240

Hon hop bé tong dugc xac dinh do sut
theo TCVN 3106-1993. Cuong dd nén va
cuong do kéo khi btra dugc xéc dinh theo
TCVN 3118-2022 va 3120-2022. Xac dinh
sy dong nhat cta vat liéu theo phuwong phép
van téc xung siéu 4m theo TCVN
13537:2022.

3. Két qua thwe nghiém va danh gia

3.1. Anh hwong ciia ham lwong xi thay
thé dén dp linh dong va cwong do nén bé
tong

Két qua Hinh 4 cho thay bé tong sir dung
ham luong xi day thay thé cat voi ty 18 25%
c6 do sut dat 7 cm, giam so v&i hon hop bé
tong thiét ké. Khi cap phdi sir dung ham
luong xi ddy ting dan tir 50%, 70% va 100%

cho thay d9 sut cling c6 xu hudng giam dan
tr 5 cm xubng con 3 cm. Khi hon hop bé
tong str dung hoan toan bang xi ddy thay thé
cat thi do sut dat 3 cm, gidm hon 60% so véi
hén hop bé tong thiét ké.

Ta nhan thiy, xi day duoc dem tir nha
méay vé ¢6 hinh dang khac vdi cau trac hat
cta cat, lam thay doi kha ning 1am viéc cua
hén hop bé tong, tic dong dén do déo cua bé
tong, tac do dén d6 déo cua bé tong, lam
giam d¢ sut. Cac hat xi day c6 kha nang hut
nude chira trong cac 16 rong ciia bé tong nén
ciing tac dong dén kha ning 1am viéc ctia hdn
hop bé tong.

Thuc nghiém cho thiy, cudng d6 nén cua
bé tong s€ gidm dan so voi hon hop bé tong
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thiét ké khi ham luong xi ddy thay thé cat cua bé tong dat 26,7 MPa. Khi hén hop bé
trong bé tong tang dan. tong sir dung hoan toan bang xi ddy thay thé
cat thi cuong d6 chiu nén cua bé tong giam

Kh- A h;( : h \ 1 ” 7
i cap phoi sir dung ham luong xi ddy khoang 49% so v6i hon hop bé tong thiét ké.

thay thé cat véi ty 1& 25% thi cudng do nén
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Hinh 4. Moi quan h¢ giita ham lugng xi ddy va dj sut hén hop va cwong dp bé tong_
Do d6, khi thay thé cat bang xi day trong thiét trong qua trinh hinh thanh hon bé tong,
hdn hop bé tong, hinh dang cia xi day khac dan dén cuong do chiu nén ciia bé tong sé
s0 v6i céu tric hat cua cat, lam thay doi kha  giam di so v6i hdn hop bé tong thiét ké.

nang chiu nén ctia hon hop bé tong. 3.2. Anh hudong ciia ham lwong xi dén

Ngoai ra, xi day dugc ldy tir nha may vé cuwong dp kéo khi bira va dp diic chic ciia bé
c6 lan nhiéu thanh phan tap chat khong can tong
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Hinh 5. Moi quan h¢ giiva ham lwpng xi ddy va cwong dp kéo khi bira ciia bé tong

Hinh 5 thuc nghiém cho thiy cuong do Khi cap phdi st dung ham luong xi day
kéo khi bira cia bé tong cling s& giam dan thay thé cat voi ty 18 25% thi cudng do kéo
gidng nhu cuong d6 nén cia bé tong khi ham  khi bura cua bé téng dat 3,1 MPa. Khi cip
luong xi day thay thé cat trong bé tong ting phdi sir dung ham lugng xi day ting dan tir
dan. 50%, 70% va 100% cho thdy cuong do chiu
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nén cua bé tong cling ¢6 xu hudng giam dan
tr 2,7 Mpa va 2,4 MPa xudng con 2,2 MPa.

_ Khi hén hop bé tong st dung hoan toan
bang xi ddy thay theé cat thi cuong do chiu
nén cua bé tong giam khoang 39% so voi hon
hop bé tong thiét ké.

Hinh 6 cho théy’bé tong su dung ham
luong xi day thay thé cat voi ty 1€ 25% co

4000

van toc xung siéu am dat 3650 m/s, giam so
v6i hdn hop bé tong thiét ké.

Khi cdp phdi sir dung ham luong xi day
tang tir 50%, 70% va 100% cho thiy van toc
xung siéu 4m ciing c6 xu hudng giam dan tir
3430 m/s, 3250 m/s va 3100 m/s.
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Hinh 6. Moi quan hé giiva ham lwong xi ddy va vdn toc xung siéu dm ciia bé tong

Do d6, xi ddy dugc dem tir nha may vé
c6 hinh dang khac véi ciu tric hat cua cat,
lam thay d6i kha ning 1am viéc ctia hon hop
bé tong, tac dong dén do dic chic cua bé
tong, 1am cho bé tong c6 nhiéu 16 rong hon so

v6i hon hop bé tong thiét ké, tir 46 lam giam
kha nang lam viéc, lam gidm cuong dd cua bé
tong khi thay thé cat bang xi day.

3.3. Anh hwong ning lwong microwave
khdac nhau dén qua trinh hoat hoa
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Hinh 7. Méi quan hé giita ham luwong va thanh phan xi dén cuwong dp nén bé tong

Trén Hinh 7 cho thay khi ham lugng xi
than thay thé cat véi ty 1€ 25%, do6i voi mo

dun cua xi 1a 1,87 thi cuwong dd chiu nén cua
bé tong dat 26,7 MPa, d6i véi mo dun cua xi
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la 2,35 thi cuong dd chiu nén cua bé tong dat
29,1 MPa va @61 véi mo dun cua xi l1a 2,83 thi
cuong do chiu nén cua bé tong dat 31,5 MPa.

Khi ham lugng xi than thay thé cat véi
ty 16 50%, dbi véi mo dun cua xi 1a 1,87 thi
cuong do chiu nén cia bé tong dat 23,1 MPa,
dbi voi mé dun cua xi 1a 2,35 thi cuong do
chiu nén cta bé tong dat 25,7 MPa va ddi véi
mod dun cua xi 1a 2,83 thi cuong do chiu nén
cua bé tong dat 27,1 MPa.

Khi ham luong xi than thay thé cat hoan
toan vai ty 1€ 100%, doi véi mo dun cia xi 1a

1,87 thi cuong do chiu nén cua bé tong dat
16,7 MPa, ddi véi mo dun cia xi 1a 2,35 thi
cuong do chiu nén cua bé tong dat 18,4 MPa
va d6i voi mé dun cua xi 1a 2,83 thi cuong do
chiu nén cua bé tong dat 20,3 MPa.

Hinh 8 cho thdy khi ham lugng xi than
thay thé cat voi ty 16 25%, d6i voi md dun
cua xi la 1,87 thi cuong do kéo khi bira cta
bé tong dat 3,1 MPa, ddi véi mo dun cua xi la
2,35 thi cuong do cua bé tong dat 3,1 MPa va
d6i voi mé dun cua xi 1a 2,83 thi cuong do
cua bé tong dat 3,5 MPa.
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Hinh 8. Moi quan hé giiva ham lwgng va thanh phén xi dén cwong dj kéo khi biva bé tong

Tu Hinh 8 khi ham lugng xi than thay
thé cat hoan toan véi ty 1& 100%, ddi véi mo
dun cua xi 1a 1,87 thi cuong d6 kéo khi bira
cua bé tong dat 2,2 MPa, ddi voi mo dun cua
xi la 2,35 thi cuong do kéo khi bira ciia bé
tong dat 2,3 MPa va d6i voi mo dun cua xi 1a

2,83 thi cuong do kéo khi bura cuia bé tong dat
2,5 MPa. Ta nhan thay cuong d6 kéo khi bura
cua bé tong s€ giam di khoang 29% tuong
ung voi mo dun cua xi la 1,87 gidm 25%
tuong ung voi mo dun cua xi 1a 2,35 va giam
28% tuong ung voi mo dun cua xi la 2,87.
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Hinh 9. Méi quan hé giita ham luwong va thanh phan xi dén vin téc xung siéu am cuia bé tong
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Khi ham luong xi than thay thé cat voi ty
16 25%, d6i v&i mo dun cua xi 1a 1,87 thi van
téc xung siéu 4m cua bé tong dat 3650 m/s va
d6i v6i mo dun cua xi 1a 2,83 thi van tdc
xung siéu am cua bé tong dat 3700 m/s.

Ta nhén thiy van téc xung siéu 4m cia
bé tong s€¢ giam di khoang 15% tuong ung
v61 mo dun cia xi 1a 1,87 gidm 13% tuong
ung véi mo dun cua xi 1a 2,35 va gidam 11%

tuong trng vdi mo dun cua xi 1a 2,87 (Hinh 9).

4. Két luan
Nghién ctru st dung xi nhiét dién dung
lam cot li€u trong bé tong voi ty 1€ va thanh

phan khéc nhau dat dugc cac két qua nhu sau:

- Thanh phén xi ¢6 mo dun d6 16n 1,87
dung thay thé cat trong bé tong ting tir 25
dén 100% cho thdy kha nang lam viéc cua
hon hop bé tong bi thay d6i, do sut co xu
hudng giam rat nhiéu. Do sut ctia hdn hop bé
tong giam dén hon 60% khi ding hoan toan
thanh phén hat xi. Cuong d6 nén, cuong do
kéo khi btra ciia bé tong sau 28 ngay cd xu
hudng giam dan theo ham lugng xi thay thé.
Cuong d6 nén va cuong do kéo khi bura giam
dén 50% so v&i cip do bén thiét ké khi thay
thé hoan toan xi trong thanh phan cét cia bé
tong.

- Thanh phéan hat xi c6 mé dun do 16n
khac nhau 1,87; 2,35 va 2,83 lan lugt dugc
dung thay thé cho cat trong cap phdi bé tong.
Thuc nghiém cho thdy do sut ctia bé tong
cung gitr nguyén xu hudng giam dan khi ting
dan ham luong xi thay thé. Xi c6 mo dun
thanh phan hat cang nho thi d§ sut c6 xu
hudéng cang giam nhanh.

- Cuong do bé tong khi dung hat xi cé
mo dun do 16n khic nhau cé sy thay doi.
Cuong do nén dat 18 MPa va 20 MPa tuong
g v6i thanh phan cat thay thé hoan toan
bang hat xi c6 mod dun do6 16n 2,35 va 2,83,
giam 35 - 40% so v6i cap do bén thiét ké.

Gia tri cuong do kéo khi btra dat dugc
2,3 - 2,5 MPa tuong tng voi thanh phan hat
xi 2,35 va 2,83 dung thay thé hoan toan cat
trong bé tong. Gia tri xung si€u am ciling cho
thiy van tdc truyén séng cd xu hudng gia
tang khoang 15 - 20% khi dung hat xi c6 mo
dun d6 16n tang dan 2,35 va 2,83.
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