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Xi 16 cao (GBFS) 12 san phim phu ctia qua trinh luyén gang trong 16 cao. & Viét Nam hién nay, xi 16 cao cha
yéu duoc nghién ciing clanke dé san xudt xi miing pooc ling hén hop. Viéc sit dung xi hat 16 cao nghién min
(GGBFS) 1am phu gia khoéng cho bé tong con 1 vin d& méi. Bai bao nay trinh bay anh hwdng ctia xi 10 cao
nghin min khi st dung 1am phu gia khoang dén mot s6 tinh chit lién quan dén d¢ bén l4u ctia bé tong nhu
kha ning chéng thdm nuwéc, chéng thim ion clo, d6 bén sun phat, d6 co kho va phan tGng kidm cbt liéu. Bé
tong st dung GGBFS lam phu gia khoang véi ty 16 GGBFS 20-70% va xi ming nén 1a PC40. Két qua nghién
cttu cho thiy st dung xi 16 cao nghin min thay thé mét phin xi ming c6 thé cai thién mitc d6 chéng thim
ion clo, chéng thdm nuwéc va kha ning ngin can phan tGng kiém cbt liéu ctia bé téng. Ngoai ra, st dung
GGBFS con gitip cai thién d¢ bén sun phét ctia thanh vita ngim trong méi trudng sun phat (Na,SO,).

ABSTRACT

Ground-granulated blast-furnace slag
concrete

Slag

Durability

Mineral admixture

Granulated blast-furnace slag (GBFS) is a by-product of iron and steel-making from a blast furnace. In Vietnam
today, granulated blast furnace slag is mainly ground with clinker to produce portland blended cement. The
use of ground-granulated blast furnace slag (GGBFS) as a mineral admixture for concrete is still a new issue.
This paper presents the effect of ground-granulated blast furnace slag, which was used as a mineral admixture
on some properties related to the durability of concrete such as waterproofing, chloride ion impermeability,
sulfate resistance and aggregate alkali reactivity. Concrete use GGBFS as a mineral admixture with the ratio of
GGBFS 20 - 70% with the control-cement PC40. Research results show that using GGBFS to partially replace
cement can improve chloride ion impermeability resistance, waterproofing and ability to prevent the
aggregate alkaline reaction of concrete. In addition, using GGBFS also improves the sulfate resistance of

mortar specimens, which were immersed in a sulfate solution (Na,SO,).

1. Gi6i thidu

Miic dit bé tong dugc sit dung rit phd bién trong xiy dung hang
trim ndm qua nhung né van ¢6 nhitng yéu diém nhv don, d& bi nit,
suy giam d6 bén trong cc didu kién méi tredng bién, héa chit, thay
dbi nhiét o, &6 4m... Pdng thdi, bé téng truyén théng duge cho 1a
chua c6 tinh bén vitng vi st dung nhiéu xi ming din dén lam ting
lwong phat thai khi nha kinh trén trai dit do san xuét xi ming gay ra.
Vi vay, tit giita thé ky XX viéc nghién cttu va st dung cac loai phu gia
bao gdm ca phu gia héa hoc va phu gia khoing cho xi ming vi bé
tong da dugc tién hanh réng rai ¢ nhiéu nuwéc trén thé gigi nhim
nang cao chét lvong, ddng thoi khic phuc céc nhuge diém cta bé
tong. Céc loai phu gia khoang c6 ngudn gbc tit chit thai ctia cac
nganh cong nghiép niing bao gbm silica fume, tro bay nhiét dién, xi 1o
cao nghién min va chit thai néng nghiép nhu tro triu dugce xem 1a cic
loai phu gia khodng “xanh” va “bén vitng” bdi vi chiing vita c6 tic
dung cai thién tinh ning cta bé téng gitp gian tiép giam lwong phat
thai khi nha kinh phat sinh tit nganh cong nghiép san xut xi ming.

Bé t6ng hién dai c6 thanh phin khéng chi cbt lidu, xi ming va nudc

*Lién hé tac gia: phanvanquynh.nuce@gmail.com
Nhanngay 04/10/2021, sita xong ngay 21/10/2021, chip nhan déng 04/11/2021

ma thudng bao gdm thém thanh phin nguyén liéu thit tv 14 phu gia
(héa va khoang) [1].

Trén thé gi6i, s phat trién céng nghiép va ning lwgng ngay cang
ting dan t6i phat sinh khéi lwgng 16n céc loai phé thai céng nghiép, dic
biét 1a phé thai nganh cong nghiép luyén gang, thép va nhiét dién st
dung nhién liéu héa thach. Cin cit theo sb liéu cong bé vé san lwong san
xufit gang thép trén thé gi¢i nam 2017 ctia Hiép hoi thép thé gidi, tbng
san lwong gang 10 cao san xudt ra trong nim 2016 va 2017 khoang 1163
triéu tAn/nim, lvgng xi hat 16 cao phét sinh wdc tinh khoang 30% san
lugng gang, titc khoang 350 triéu tAn/nim. iy 1a lwong chit thai
khéng 16, nhitng ciing dbng thdi 1a ngudn nguyén liéu ddi dao dé st
dung 13m nguyén vat liéu thay thé tai nguyén thién nhién.

Tai Viét Nam, vin d& nghién cttu st dung xi hat 16 cao (GBFS)
cho san xut xi ming, bé tong dwgc quan tim, nghién citu tit khoang
nhitng ndm 1970. Tuy nhién, s6 lwgng va pham vi cdc nghién cifu con
han ché, chi ditng lai &@ mtc thit nghiém maot sb ty 1& pha trén xi vao
xi ming dé d4nh gi4 cc tinh chit thong thuwdng ctia xi ming. Chua c6
cong trinh nghién citu nao thic hién dly d, c6 hé théng v& dic tinh

ky thuét cta xi méng xi, ddc biét 1a bé téng sit dung xi ming xi hodc
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GGBFS lam phu gia khoang. Trong nhitng ndm trude day, xi hat 10 cao
clia cac nha may luyén gang cha yéu dugc ban & dang nguyén khai
cho cic nha méay xi ming dé nghién ciing v&i clanhke xi ming tao
thanh xi ming poéc hdn hop tai nha may. Do dic tinh cta xi hat 16
cao 1a khé nghién hon khé nhidu so véi clanhke xi ming, nén khi
nghién chung vé6i clanhke trong may nghién bi thi d6 min cta xi &
muc thip hon so véi xi ming [2]. Pidu niy 1am han ché cic vu diém
clia GGBFS, ddng thoi 1am giam nhiéu cudng d6 tudi sém ciing nhw
d& gay hién tuwong tadch nwéc cia hdn hop bé téng. Hién nay & nudc
ta, san phdm GGBFS di bit dAu duoc san xult & quy mé cong nghiép
va da dugce dua ra sit dung tai mot sé cong trinh xiy dung. Hién tai ¢6
hai nha mdy nghidn GBFS quy mé 16n 14 nha may ctia Céng ty Thép
Hoa Phat tai Hai Dwong va Quang Ngii va nha méy nghién GBFS ciia
Cong ty Tai nguyén CHC Viét Nam tai B Ria-Viing Tau. Téng cong
sult ctia 3 nha may theo thiét ké 1a 2,5 triéu tAn GGBFS/nam. Hién
nay sb cong trinh xiy dung, nha san xuit bé tong st dung GGBFS van
con it. Cong ty Hda Phat méi chil yéu clp cho cdc du 4n xay dung do
tap doan nay xay dung; san phim clia Céng ty Cong ty Tai nguyén
CHC Viét Nam ciing mé&i chit yéu cung cip cho du 4n xay dyng diu tw
nuée ngodi, cic nha san xuit bé téng, xi ming c6 vén nude ngoai.

Bai b4o nay trinh bay anh huéng clia xi 16 cao nghién min khi st
dung 1am phu gia khodng dén mot s6 tinh chét lién quan dén d6 bén lau
clia bé tong nhu cudng d6 nén, kha ning chéng thim nuée, chéng thim
ion clo, d6 bén sun phat, va phan tng kiém c6t liéu. Bé téng st dung
GGBFS 1am phu gia khoéng v&i ty 16 GGBFS 20 dén 70 % vé&i xi ming

nén 14 PC40. Két qua nghién ctiu cho thiy st dung xi 10 cao nghién min

Bang 1. Thanh phan héa xi 16 cao sit dung cho nghién ctru.

thay thé mot phin xi ming c6 thé cai thién mitc d6 chéng thim ion clo,
chéng thAm nuéc va kha ning ngin can phan tGng kiém cbt lidu ctia bé
tong. Ngoai ra, st dung GGBFS con gitp cai thién do bén sun phat cta

thanh vita ngdm trong mdi tridng natri sun phat.

2. Vit liéu va phuong phap nghién ctiu
2.1.Vat liéu nghién citu

Xi miing: xi ming pode ling PC40 Nghi Son c6 cdc tinh chit ki
thuat dat yéu ciu theo TCVN 2682:2009.

C6t liéu nho: 1a cat song, tit ngudn cat song Lo, Viét Tri, Phu
Tho, ¢6 md dun d6 16n ~ 2,6. Céc chi tiéu ky thuat ctia miu cat phit
hop loai cét tho theo TCVN 7570:2006.

Cét lidu 16m: 1a d4 dam tir ¢4 voi & hat 5 dén 20 mm ti¥ mé d4
khu vire Pht Ly, Ha Nam. Cic chi tiéu ky thuat ciia mau da phit hop
cbt liéu 16m loai 5 dén 20 mm theo TCVN 7570:2006.

Phu gia siéu déo: loai phu gia siéu déo phd bién trén thi tredng
gbc Polycarboxylate (PCE). Loai Iwva chon st dung cho nghién ctiu 1a
phu gia MasterGlenium® SKY 8735 ctia hang BAFS. Pay la loai phu
gia gbc polycarboxylate, c6 d6 giam nudc 15 dén 20 %, phit hop véi
loai G theo TCVN 8826:2011.

Xi hat ¢6 cao nghién min st dung trong dé tai duoc lay tit nha
méy thép Formosa Ha Tinh, c6 ty dién > 4000 cm?/g. Thanh phin
khoang ctia xi hat 16 cao nghién min Formosa cht yéu 14 pha v6 dinh
hinh (~ 98 %). Céc chi tiéu co 1y va thanh phin héa cua xi hat 16 cao
duogc trinh bay trong Bang 1.

MKN Sio, Ca0 ALO, Fe,0, MgO

SO,

K,O Na,O TiO, cl S, Hé s6 K

0,07 34,49 40,07

14,10 0,23 7,51 0,20

0,24 0,82 0,12 <0,001 0,63 1,88

2.2. Phu'ong phdp nghién ctiu

Cong tac thit nghiém va xac dinh céc tinh chét ctia vat lidu va bé
téng duwgce sit dung chit yéu theo cic phitong phap tiéu chuin trong hé
théng TCVN. 6 thdm nwéc, thim ion clo, phan ting kiém — cbt lidu, do
bén sun phat duoc xac dinh theo cic tiéu chudn TCVN 3116:1993,
TCVN 9337:2012, TCVN 7572-14:2006, TCVN 7713:2007 tuong Gng.

3. Két qua nghién cu va ban luan

Do bén lau cia bé téng duge dinh nghia 13 kha ning chdng lai
sy thdm nhép clia cdc tic nhan x4m thyc tit bén ngoai moi trdng
cling nhu céc tic nhan tit bén trong ban than bé tdng ma van dam bao
duoc cic tinh chit ki thuat yéu ciu. Trong nghién cttu nay da khao
sat anh hudng cia GGBFS dén céc chi tiéu dd chéng thAm nuée, do
chéng thim ion clo, d6 bén sun phat va phan tGng kiém — cbt liéu ctia

bé tong.

3.1.Khd ndng chéng thdm

Kha ning chéng thim clia bé téng duge danh gia théng qua
mtc d6 tham nhép ion clo bing phuong phap do dién lugng theo tiéu
chudn ASTM C1202 (TCVN 9337:2012) va do thAm nuéc theo tiéu
chudn TCVN 3116:1993. C4p phéi bé téng duoc cho trén Bang 2, véi
ham lugng GGBFS thay thé xi ming tit 0 dén 50 %, st dung xi ming
PC40 Nghi Son. Bé tong c6 d6 sut (16+18) cm. Két qua thi nghiém
thé hién trong Bang 3 va Hinh 1 cho thdy, kha ning chéng thim nuéc
ciing nhu kha ning chéng thim ion clo dwgc cai thién dang ké khi st
dung GGBFS thay thé xi ming. Mt d6 cai thién kha ning chéng thim
ting 1én khi ting ham lwgng GGBFS. Khi st dung dén 50 % GGBFS
thay thé xi ming, dién lwong truyén qua miu theo ASTM C1202 giam
tlt 1527 (Culong) ctia miu d6i chting xubéng con 528 (Culong) va d6
chéng thAm nuwdc ting tir B12 1én dén B16.

Kha ning cai thién tinh chéng thdm ion clo ctia bé tong khi sit
dung GGBFS theo cac két qua thi nghiém d chi ra ciing phit hop véi cic
két qua ctia nhidu nghién citu dvoc tdng hop trong ACI 233 [3]. Theo
d6, sy c6 mit cta xi 1am cai thién kha ning chéng thdm cua bé tong do

phan ting thity héa 1am giam b6t ham lwgng Ca(OH), trong hé théng 16
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rong cta d4 xi ming, ddng thoi tao san phdm CSH lam gidm kich thudc cao tinh chéng thdm ctia bé tong khi c6 mit ctia i ciing 13 nguyén nhan
céc 15 réng trong d4 xi ming va cai thién viing tiép xdc giita d4 xi méng  1am ting kha ning chéng #n mon cbt thép va kha ning bén trong méi

va cbt liéu, do d6 lam ting tinh chéng thim ctia bé tong. Tac dung nang treong sulfate ctia bé téng chita xi.

Bang 2. Cac cip phdi bé tong st dung xi ming PC40.

o Thanh phin cip phdi mét m? bé tong theo thiét ké Po sut
L x Ty 1é GGBFS : A A
STT Ky hiéu mau Xi mang GGBFS Cat song ba dam , L yéu cau
(%) PGHH (lit) | Nuéec (lit)
(kg) (kg) (kg) (kg) (cm)
1 PC40S0 0 360 0 789 1079 3,60 170 16-18
2 PC40S20 20 288 72 784 1079 3,60 170 16-18
3 PC40S30 30 252 108 784 1079 3,60 170 16-18
4 PC40S40 40 216 144 784 1079 3,60 170 16-18
5 PC40S50 50 180 180 784 1079 3,60 170 16-18

Bang 3. D6 thdm ion clo theo phwong phap do dién livgng ciia bé téng vai ty 16 sit dung GGBFS va ty 1&é N/CKD khéc nhau.

STT K¢ hia . Ham lugng Ham lugng Pién luong truyén qua Panh gia theo D thi w6 (cip B)
1eu mau [o] am n C (€Qa]
y e GGBFS (%) CKD (kg) (cu 16ng) ASTM C1202 : P
1 PC40 0 360 1527 thip 12
2 PC40S20 20 360 935 rét thip 14
3 PC40S30 30 360 631 rét thap 16
4 PC40S40 40 360 539 rt thap 16
5 PC40S50 50 360 528 rét thap 16
1800
1600
1400 N
<2 1200 Murc thap
< 1000
’:C,I) ]
g 800 Mic rét thdp
= 600
@
Q400
200
0
0 20 30 40 50

GGBFS/CKD (%)
Hinh 1. D$ thdm ion clo ctia bé tong st dung GGBFS.

3.2. P6 bén sun phdt TCVN 7713:2007 va dugc danh gia so sdnh v&i qui dinh ky thuat cta
xi ming pobe ling phat hén hop bén sun phat phit hop theo TCVN

Trong nghién cfu nay, kha nang bén trong méi trvdng sun phat 7711:2013. CKD chtta 13 xi mang hén hgp PC40-GGBFS, véi ty 1&

ctia bé tong st dung chét két dinh chita GGBFS v so sanh véi mau xi GGBFS 14 20, 30, 40, 50, 60 va 70 % theo khéi lvong CKD. Ngoai ra,
ming PC40 duge dénh gia trén méu thanh vita thit nghiém theo theo nhiéu két qua nghién cttu trude day [2] thi kha ning bén sun
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phét cta CKD chita GGBFS con phu thudéc vao ham lwgng thach cao
(quy vé& SO,) trong CKD. P2 tai nay khao sat anh hwdng clia loai va ty
1é GGBFS véi ham lugng thach cao (qui vé SO,) trong CKD 2,5 %. Cac
miu duge ngdm trong dung dich Na,SO, 5 %. Chi tiét cAp phdi vat
liéu dtc thanh vita cho thit nghiém thé hién trong Bang 4.

Tit két qua thi nghiém cho thdy, d6 nd clia thanh vita ting 1én

theo thoi gian ngdm mau véi tit ca cic mau thit nghiém. Khi ting 1am
huong GGBFS thay thé xi ming, d6 né sun phét ctia mau thit giam
xudng 16 rét. Cu thé & tudi 6 thang, d6 nd sun phat cia mau dbi chitng
12 0,92 % con cic miu st dung tit 30 dén 70 % GGFFS ¢6 d6 nd sun
phat lan lvot 1a 0,197 %; 0,084 %; 0,109 %; 0,058 % va 0,024 % tuong
ing v&i ham lugng GGBFS 1a 30 %; 40 %; 50 %; 60 % va 70 %.

Bang 4. Cip phdi vat liéu diic thanh vita do d6 né ngam trong dung dich Na,SO, 5 %.

T Ky hieumdu | T§16 GGBES (%) | TomIMOME | ol cat/ckD | Ty 1é N/CKD
S03 (%)
1 PC40 0 2,4 2,75 0,485
2 PC40S30 30 2,5 2,75 0,502
3 PC40S40 40 2,5 2,75 0,505
4 PC40S50 50 2,5 2,75 0,511
5 PC40S60 60 2,5 2,75 0,524
6 PC40S70 70 2,5 2,75 0,531

Bang 5. Két qua d6 nd sun phat ctia thanh vita ngdm trong dung dich Na,SO, 5 %.

STT M3 héa cip Do né thanh vita ngdm trong dung dich Na2S04 (%)
phéi 1 tudn 2 tuin 1 thang 2 thang 3 thang 6 thang 9 thang
1 PC40 -0,049 0,005 0,011 0,072 0,293 0,920 2,052*
2 PC40S30 0,011 0,034 0,038 0,051 0,082 0,197 0,482
3 PC40S40 0,005 0,042 0,044 0,041 0,059 0,084 0,213
4 PC40S50 0,015 0,041 0,044 0,040 0,057 0,109 0,154*
5 PC40S60 0,008 0,020 0,027 0,037 0,051 0,058 0,069
6 PC40S70 0,009 0,013 0,018 0,026 0,028 0,024 0,027
* MAu cong vénh
2,5
2
X
= 6 thang 9 thang
=15
[=9
!
v
,g 1
Nel
o)
0,5
0 30 40 50 60 70

Ham lugng GGBFS/CKD (%)

Hinh 2. D nd sun phét sau 6 thidng va 9 thang ctia bé téng s& dung GGBFS.
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3.3.Phdn t¢ng kiém — cdt liéu

Pé danh gia kha ning han ché kha ning gy phan tng kidm cbt
liéu ctia bé tong st dung GGBFS, d& tai da tién hanh danh gia d6 ng
thanh vita st dung chét két dinh xi ming PC40 va bd sung Na,O dé
tdng lugng kiém tivong diwong 14 1 % (xi ming cao kidm), hén hop xi
miing kiém cao v GGBFS va cbt liéu 13 thily tinh pyrex nghién theo
cAp hat quy dinh theo tiéu chudn ASTM C441 [4]. C4c thanh vita sau
d6 duge bao dudng & méi tridng nhiét 4m 38+1 °C dé ting tbc kha
ning phan tng kiém c6t lidu. Két qua thi nghiém do né thanh vita st
dung xi ming cao kidm va xi ming cao kiém - GGBFS dugc thé hién
trong Bang 6.

Tit két qua thi nghiém cho thiy d6 nd thanh vita do phan ting
kiém - silic giam dan khi ting ham luong st dung GGBFS. Pidu nay
¢6 thé giai thich 1a do trong qua trinh thily héa rin chic, GGBFS sé

phan tng v&i Ca(OH), va kiém trong xi ming tao cdc san phdm

Bang 6. Két qua thi nghiém d6 né do phan tGng kiém - silic.

khodng CSH bén vitng, lvong kiém con lai phan wng véi thay tinh
pyrex tao khodng giy né thé tich khong nhiéu, din dén d6 no do
phan tng kidm - silic giam dang ké.

Hiéu qua giam né thé tich do phan tng kidm - silic thuwdng
dvoc danh gia théng qua d6 no thanh vita & tudi 14 ngay. Do thuy
tinh pyrex rit nhay cam véi xi ming ¢6 ham lwong kiém cao, nén dén
tudi 14 ngay phan ng kiém - silic d& x4y ra gin nhv hoan toan, diéu
ndy thé hién r6 qua d6 n& thanh vita ctia xi ming podcling cao kiém.
D6 né thanh vita & tudi 14 ngay khong 16n hon 0,02 % dugc coi 1a
¢6 kha ning han ché sy n& do phan wng kiém - silic (ASTM C989).
Do né thanh vita & cac tudi dai ngay ting hiu nhu khéng déng ké do
phan tng kidm - silic d4 x4y ra co ban trong thoi gian & tudi sdm.

Khi stt dung GGBFS & ty 1é 40 % tr¢ 1én, d0 n& thanh vita s
dung GGBFS thip hon 0,02 %, didu nay cho thdy hiéu qua cla
GGBFS trong viéc ngin ngita duge sy nd thé tich do phan ¢ng kiém -
silic.

B Po né thanh vita, %
TT Mau Ty 1é GGBFS, %
14 ngay 28 ngay 2 thing 3 thang 6 thiang
1 Xi ming cao kiém 0 0,2848 0,3372 0,3372 0,3396 0,3401
20 0,0408 0,0528 0,0586 0,0602 0,0612
30 0,0304 0,0432 0,0468 0,0484 0,0495
2 GGBFS 40 0,0196 0,0244 0,0324 0,0369 0,0383
50 0,0206 0,0252 0,0319 0,0326 0,0341
60 0,0182 0,0231 0,0300 0,0314 0,0321
D0 n¢ phan g ki€ém - c6t licu
0,4
0,35 R
\ —=— l4ngay —— 6thing
NS 0,3 .
sd\ \
2 0,25
e
g 02
g
2 0,15
Q-
Q0,1
A o \ f‘,””””
005 CHdonoldngly o —— . e
- == — e —
0
0 20 30 40 50 60

Ham luong GGBFS/CKD, %

Hinh 3. Anh huéng ham lgng GGBFS dén kha ning né do phan itng kiém ct liéu clia bé téng theo ASTM C441.
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4, Két luan

Tit két qua nghién cifu anh hwdng clia xi hat 16 cao nghién min
(GGBFS) dén mot sb tinh chét lién quan dén do bén 1au cta bé tong,
¢6 thé rit ra mot sb két luan sau:

- Mitc d6 chéng thdm ion clo va chéng thdm nuéc ctia bé tong
duwgce cai thién dang ké khi sit dung GGBFS so v&i bé téng chi sit dung
xi ming podc ling. Khi stz dung GGBFS & ty 1& 20 dén 50 % trong chét
két dinh, mtc d6 chéng thAm cta bé tong ting ty 1& thuin véi ham
lwong GGBFS trong chét két dinh.

- P6 n6 thanh vita do phan @ng kidm - silic giam dan khi ting
ham lugng sit dung GGBFS tit 20 dén 60 %, & ty 16 GGBFS 40 % trd
1én, d6 n& thanh vita st dung GGBES thip hon 0,02 %, diéu nay cho
thay hiéu quéa ctia GGBFS trong viéc ngin ngita dugce sy nd thé tich do
phan ng kiém - silic.

- St dung GGBFS thay thé mét phin xi ming c6 kha ning cai
thién d6 bén sun phat ctia thanh vita ngam trong moi trudng sun phat
(Na,S0,), mitc d6 cai thién phu thudc vao ty 1€ GGBFS. CKD xi méng -

GGBFS véi ty 1é thach cao (SO5) 2,5 % dat diige loai xi ming hén hop
bén sun phat trung binh khi st dung GGBFS v&i ham lwgng 40 dén 60
% va dat loai xi ming hdn hop bén sun phat cao khi stz dung dén 70 %
GGBFS.
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