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TGM TAT

Bai bao trinh bay anh hwéng cia tro bay (TB) va xi la cao (XLEC)
d&n dg rong va kha nang chang thdm ion clo cia bé tong hat nha
(BTHN). Trong nghién ciru nay, TB dugc sir dung vai ham legng
30%. XLC duoc sir dung vai ham lrgng 13 - 40% thay the xi méng
(XM) theo khdi lrgng. K&t qué thuc nghiém chira réng, TB va XLC
|am gidm da rong va tang kha nang chaing tham ion clo cia BTHN.
Ham lugng TB va XLC thay the XM cang lan thi dg réng coa bé
tdng cang giam va kha nang ching thdm ion clo coa bé téng cang
tang. Khi lvgng TB va XLC thay the dén 7a% ham legng XM, dd
riing cia bé tang gidm tir 12,68% xudng con 5.87%:; dien lugng
truyén qua mau tir 3067 Coulomb gidm xudng con 505 Coulomb.
K&t qua nghién ciu can cho thdy, XLC co higu qua cao hon TR
trong viéc giam d@ réng va tang kha nang ching thdm ion clo cia
BTHN, qua da lam tang da bén cho bé tang.

Tir khoa: Be tang hat nha; tro bay; xi lo cao; do rong; kha ning
ching tham ion Clo.

ABSTRACT
This article presents the effects of fly ash (FA) and ground

1. DAT VAN DE

Ngay nay, TB tU cac nha mdy nhiét dién than va XLC tu nganh
luyén kim la hai loai phé thai cdng nghiép dugc phat sinh véi khoi
lugng I6n trén pham vi toan cau ciing nhu tai Viét Nam. Nhiéu
nghién cttu da chi ra rdng lugng phat thai TB va XLC ngay cang gia
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granulated blast furnace slag (GGBFS) on the porosity and
chloride ion penetration resistance of fine-grained concrete
(FGC). In this study, FA was used at a replacement level of 30%,
while GGBFS was incorporated at replacement levels ranging
from 15% to 43% by mass of cement. Experimental results
indicate that the incorporation of FA and GGRFS reduces the
porosity and enhances the resistance of FGO to chloride ion
penetration. Higher replacement levels of cement with FA
and GGBFS result in a further reduction in concrete porosity
and a corresponding improvement in chloride ion penetration
resistance. When the combined replacement level of FA and
GGRFS reached 70% of the cement content, the concrete
porosity decreased from 12.63% to 9.87%. while the total
electrical charge passed through the specimens was reduced
from 3067 Coulombs to 505 Coulombs. The results also show
that GGBFS is more effective than FA in reducing porosity and
improving chloride ion penetration resistance of fine-grained
concrete, thereby enhancing its durability.

Keywords: Fine-grained concrete; fly ash; blast furnace slag;
porosity; chloride ion penetration resistance.

tdng cling vGi sy phat trién cla nganh nang lugng va céng nghiép
luyén kim, gay ap luc I6n 1én moi trudng néu khong dugc quan ly va
tai st dung hgp ly [1-3].

Theo Quy hoach phét trién dién luc quéc gia thoi ky 2021 -
2030, tam nhin d&n nam 2050 (Quy hoach dién VIll), nhiét dién than
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van gilt vai trd nhat dinh trong co cau nguén dién qudc gia dén nam
2030, nhiét dién than van chiém ty trong I6n, khoang 51,6% trong
co cau nguén dién quéc gia. Du bao méi ndm khoang 200 triéu tan
than sé dugc tiéu thu cho san xuat dién, kéo theo lugng tro xi phat
sinh [én dén gan 40 triéu tan [4]. Néu khong dugc xU ly va tai su
dung hiéu qua, khéi lugng phé thai nay sé chiém dung dién tich dat
I6n cho béi thai, d6ng thai tiém &n nguy co 6 nhiém méi trudng dat,
nudc va khong khi.

Viéc nghién ctiu va tan dung TB va XLC lam vat liéu xay dung,
dac biét la phu gia khoang cho bé tong, khéng chi gop phan giam
thiéu 6 nhiém méi trudng va bao vé tai nguyén thién nhién ma con
mang lai hiéu qua kinh té r6 rét. Nhiéu cong b khoa hoc cho thay
viéc st dung céac phé thai cdng nghiép nay gidp giam tiéu thu XM,
gidm phat thai CO, déng thdi cai thién mét sé tinh chat ky thuat va
d6 bén cua bé tong [5-71.

Trén thé gidi, nhiéu nghién clu thuc nghiém da khéng dinh
anh huéng tich cuc ctia TB va XLC d6i véi cac chi tiéu nay. Mehta
[8] va Neville [9] déu chi ra rang viéc thay thé mét phan XM béng
TB hodc XLC lam tang mat dé vi cau tric, gidam dé réng va han
ché su xam nhap cda ion clo qua mang mao dan bé téng. Wang
va cong su [10] quan sat thdy bé téng cudng do cao két hop TB
va XLC cho d6 tham clo thdp han dang ké so véi bé tong khéng
bé sung phu gia khoang. Tuong tu, Chore & Joshi [11] chira réng
su két hgp nay lam giam dién lugng truyén qua mau trong thu
nghiém ASTM C1202, biéu thi kha ndng chéng tham ion clo dugc
cai thién ro rét.

Tai Viét Nam, cac nghién ctu gan day ciing nhat quan vdai
két qua cla cac nghién ciru nudc ngoai. Tac gia Lé Thanh Ha va
céng sy [12-13] cho thay khi tang ham lugng TB trong hén hop
BTHN, d6 réng gidm dang ké va kha nang chéng tham nudc,
chéng tham ion clo dugc nang cao, tao nén su bén ving cda cau
kién bé téng. Tang Van Lam, Nguyén Dinh Trinh [14] tap trung
vao XLC hoat tinh, ghi nhan viéc thay thé dén mét ty [& nhat dinh
giup giam dé réng va tang chi s6 chéng tham ion. H6 Van Quan
va cong su [15] cing chiing minh bé téng két hgp TB + XLC ¢6
c8u trdc mao quan chit han, gidm thiéu sy xam thuc cla clo so
vGi bé téng doi chung.

Nhin chung, ca TB va XLC déu gop phan gidam do rébng va cai
thién kha nang chéng tham ion clo clia BTHN, véi XLC cho hiéu
quad hon do kha nang phan ting pozzolanic cao va kich thuéc hat
phu hop han, tir @6 nang cao déd bén cta bé téng trong diéu kién
xam thuc.

Bai bao trinh bay anh huéng clia TB va XLC dén dé rong va kha
nang chéng tham ctia BTHN. TB dugc thay thé XM véi ham lugng 30%
theo khéi lugng, XLC dugc thay thé XM ti 15 - 45% theo khéi lugng.

2. VAT LIEU VA PHUGNG PHAP NGHIEN CU'U

2.1.Vat liéu ché tao

Vat liéu st dung trong nghién ciru gém: XM But Son PC40, TB
nhiét dién Pha Lai, XLC nghién min Hoa Phat, cat min c6 kich thudc
hat < 0,63 mm, cat thé song L6 cé kich thudc hat < 5,0 mm va phu
gia siéu déo clia hang Sika (PGSD-3000 20M). Bang 1 la céac chi tiéu
ca ly co ban ctia XM, TB va XLC. Cau tric hat cia XM PC40, TB va XLC
dudi kinh hién vi dién t& dugc trinh bay trong Hinh 1.

Bang 1. Chitiéu co ly co ban cdia XM, TB va XLC

Chi tiéu XM TB XLC
Khéi lugng riéng (g/cm3) 31 2,24 2,89
Kich thudc hat trung binh (um) 14,12 16,42 7,87

Hinh 1. Cau tric hat 14n lugt cdia XM, TB va XLC dudi kinh hién vi dién tir SEM
2.2. Thanh phan cap phdi BTHN

Thanh phan cap phéi cia BTHNTNC nghién ctiu sau tinh toan
dugc thé hién trong Bang 2.
Bang 2. Thanh phan cap phéi cia BTHN nghién ctu

Hénhgp | XM (kg) | TB (kg) | XLC (kg) | N (kg) PuG(:)D Cé(tkg;in ca’(;;‘é
100XM 745 0 0 209 14,90 438 1.022
0TB30XLC 521 0 223 | 209 11,92 438 1.022
30TBOXLC 521 223 0 209 9,68 438 1.022
30TBISXLC | 410 | 223 112 | 209 8,94 438 1.022
30TB30XLC | 298 | 223 | 223 | 209 8,19 438 1.022
30TB45XLC 186 | 223 | 335 | 209 7,45 438 1.022

2.3. Phuong phap nghién ctu

- Cdc phuong phdp thi nghiém: Trong nghién cdu nay, céac
phuong phap thi nghiém tiéu chudn dugc sit dung dé xac dinh cac
tinh chat ca ly ctia cac thanh phan cap phéi va cac tinh chat ctia hon
hgop bé tdng va BTHN cudng d6 cao. Cac phuong phap thi nghiém
tiéu chuan gém: TCVN 141:2023, XM - Phuong phép phan tich héa
hoc; TCVN 8262:2009, TB - Phuong phdp phan tich héa hoc; TCVN
7572 - 2:2006 c6t liéu cho bé tong va vita - phuong phép thi - Phan
2: Xac dinh thanh phan hat; ASTM C0642-1: Xac dinh dé rong clia bé
téng, ASTM C1202-19: Xac dinh dé tham ion clo bang phuong phap
do dién lugng.

- Quy trinh trén: Vat liéu sau khi dugc can dong da khéi lugng
cho 1 mé tron thi ti€n hanh tron. May tron dugc st dung la may trén
viia cudng buc. Boi v6i phuang phap tron hon hgp BTHN, d6 chay
cao, thai gian tron thudng dai hon so véi bé tong va vira thuong.
Sau khi dugc tron s bd, hdn hop hat ran (cat tho, cat min, XM, TB va
XLC) dugc nhao tron véi nudc, sau dé tron PGSD va nudc vao hén
hgp theo quy trinh dudi day (Hinh 2).
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Hinh 2. Quy trinh trgn hdn hgp BTHNTNC

- Do dé do réng cta BTHN: Si dung tiéu chudn ASTM C 642-1.
Thinghiém dugc thuc hién trén 3 nira mau BTHN c6 dugng kinh 100
mm va chiéu day 50 mm dugc cat ra ti mau hinh tru (100x200)cm &
28 ngay tudi. Mot s budc qua trinh do d6 rédng clia BTHN duoc thé
hién trén Hinh 3.

Hinh 3. Quy trinh do d9 rong clia BTHN
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- Do kha ndng chéng thdm cta BTHN: Thi nghiém do kha nang
chéng tham ion clorua ctia BTHN dugc thuc hién dua trén tiéu
chudn ASTM C1202-19. Thi nghiém dugc thuc hién trén 3 mau cé
dudng kinh 100 mm va chiéu day 50 mm dugc cét ra tir mau hinh
tru (100x200)cm & 28 ngay tudi. Mit bén clia mau dugc son phd
bang epoxy. Sau khi dugc bao hoa nudc trong binh hat chan khéng,
mau duoc 13p vao cac khoang cé chita dung dich NaCl 3% va NaOH
0,3N.T8ng s6 cu-léng truyén qua mau dudi hiéu dién thé 60V trong
6 tiéng dugc st dung dé danh gia kha nang tham ion clorua ctia bé
téng. Mot sé budc qua trinh do kha nang chéng tham ion clo cla
BTHN dugc thé hién trén Hinh 4.

Hinh 4. Quy trinh do do chong thdm ion clo clia BTHN

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Anh huéng ciia TB va XLC d6 réng ctia BTHN

Két qud cho thdy, khi lugng TB thay thé XM duoc gitr 6n dinh
& murc 30% thi dé réng ctia BTHN gidam dan khi ham lugng XLC tang
tur 0 - 45%. Sy anh hudng cta XLC dén do rong ctia BTHN khi ham
lugng XLC thay thé tur 0 - 45% ti lé thuan, kha tuyén tinh vai su suy
giam dé réng cta bé téng. K&t qua anh hudng ctia TB va XLC dén dé
réng cGa BTHN dugc thé hién trén Bang 3 va Hinh 5.

Bang 3. Anh hudng ctia TB va XLC dén dé réng ctia BTHN

Hén hop Do réng (%)

30TBOXLC 11,25
30TB15XLC 9,74
30TB30XLC 8,29
30TB45XLC 5,87

Mo rong (%)

AOTHOXLL WITHISXLL AFTHINXTA WITBAFXLL

Hin hop bé ting

Hinh 5. Anh hung clia TB va XLC dén do rong clia BTHN
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Véi két qua trén c6 thé ly gidi rang, khéi lugng riéng ctia TB <
XLC < XM (Bang 1), nén khi TB va XLC thay thé mot khéi lugng XM
tuong duong thi thi tdng khéi lugng clia chat két dinh khéng déi,
nhung thé tich hé chat két dinh sé ting 1&n, tdc 1a ty |é thé tich cla
hé va c6t liéu sé tang 1én, tang tinh cdng tac chia bé tong, gitp cac 16
réng c6 thé dé dang dugc 1ap day bang cac hat nho, khién doé réng
clia bé tong giam di.

Két qua thuc nghiém & Bang 4 va Hinh 6 cliing cho thdy, anh
hudng cta XLC dén dé réng cta BTHN I6n han mot chit so vai TB
khi cling st dung mét lugng thay thé XM la 30% theo khéi lugng.
Diéu nay 6 thé ly gidi béi kich thudc hat trung binh ctia XLC nhé
hon kich thudc hat trung binh cia TB (7,87 mm so véi 16,42 mm).
Nhu vay, khi tang lugng XLC khién cho cac 16 rdng dé dang dugc lap
day hon so véi tang ham lugng TB va lam gidam dé réng clia bé tong,
dd réng gidam khoang 4% khi st dung cung 30% ham lugng TB va
XLC thay thé XM.

Bang 4. Anh hudng clia TB va XLC dén dé réng clia BTHN

Ho6n hop D6 rong (%)
100XM 12,63
0TB30XLC 10,77
30TBOXLC 11,25
14 12.63
12 10,77 11.25
- 10
- B
20
- [
=
b 1
(]
(OO OTRIOXLC ANTROXLC
Hon bop be 1ong

Hinh 6. Anh hung clia TB va XLC dén do rong ctia BTHN

3.2. Anh huéng cia TB va XLC dén kha nang chéng tham
ion clo cia BTHN

Cac két qua thu dugc trén Bang 5 va Hinh 7 cho thdy véi cung
lugng TB thay thé XM la 30% dién lugng truyén qua mau giam ti lé
thuan khi ham lugng XLC tang lén ti O - 45%. Dién lugng truyén
qua mau dat muc “thap” khi ham lugng TB thay thé XM la 30% va
ham lugng XLC thay thé XM la 0%. Khi ham lugng TB thay thé XM la
30% va khi ham lugng XLC thay thé XM tang tu 15 - 45% dién lugng
truyén qua mau dat muc “rat thap”

Bang 5. Anh hudng ctia TB va XLC dén kha nang chéng tham
ion clo cia BTHN

H&n hop Pién Iu(g:;glg:]ﬁ‘n qua mau
30TBOXLC 1.368
30TB15XLC 989
30TB30XLC 685
30TB45XLC 505
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Hinh 7. Anh hugng cia TB va XLC dén kha nang chéing tham ion clo ctia BTHN

Khi st dung TB va XLC thay thé XM trong hén hgp bé téng thi
co ché chinh clia TB va XLC trong bé téng la tac dung pozzolanic va
tich hop vi hat, gitp 18p day 16 réng, tao lién két C-S-H b6 sung va
thu nho kich thudc mao dan khi XM thay héa dan dén giam dé rong
va tdng kha ndng chéng tham, dac biét déi véi ion clo, dan dén lam
giam d6 réng cla bé tong va tang kha nang chéng tham ion clo.
Cac két qua nay cling tuong déng vai cac nghién cru clia moét s
tac qgia[s, 12, 16].

Bang 6 va Hinh 8 cho thay, anh huéng ctia XLC dang ké han TB
dén kha nang chéng tham ion clo ctia BTHN, kha néang chéng tham
ion clo tang Ién khodng 27% khi s&r dung cung 30% ham lugng thay
thé XM. Thit nhat, nhu da giai thich & phan trén, XLC c6 kich thudc
hat trung binh nhé han TB, do dé cac hat dé 1ap day 16 rong hon TB.
Ngoai ra, hat XLC ciing tran nhdn hon hat TB, do d6 kha nang lap
day cac 16 réng cling t6t han do d6 ma sat nhoé hon. Khi mat dé hén
hgp tang lén do céc 16 rdng duoc lap day nhiéu han dan dén hén
hgp bé tong dac chac hon, chéng tham ion clo t6t hon.

Bang 6. Anh hudng ctia TB va XLC dén kha nang chéng tham
ion clo ctia BTHN

Hé6n hop Pién lugng truyén qua mau (Coulomb)
100XM 3.067
0TB30XLC 1.076
30TBOXLC 1.368
oL
[
g [P ——l]
3 40 — E—
i:-
.E_ T
& oo Trang mish
i
E w0 (E—p—
E 136% Tl
= 1076
£ R | S—

1000
[ Rt thip
o =

[0 UTHIONLC A0TBUXLC

|

Hén hop bit tdeg

Hinh 8. Anh hung clia TB va XLC dén kha nang chdng tham ion clo cia BTHN

4, KET LUAN

Tur két qua trong nghién ctiu ndy c6 thé rit ra mot sé két luan sau:

- St dung TB va XLC lam gidm d6 réng ctia BTHN. D6 réng clia
BTHN gidm tr 12,63% xuéng 5,87% khi lugng TB va XLC thay thé
75% khéi lugng XM.

- St dung TB va XLC lam tang kha ndng chéng tham ion clo clia
BTHN. Lugng TB va XLC thay thé 75% XM theo khéi lugng lam giam
kha nang chéng tham ion clo ctia BTHN tir muc trung binh xuéng
rat thap so vai bé tong st dung 100% XM.

- St dung XLC c6 kha nang giam doé réng va tang kha nang
ch6ng thdm ion clo ctia HHBT t6t hon so véi TB: Do rbng gidm
khoang 4% va kha nang chéng tham ion clo tang I1én khodng 27%.
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