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Xi ming podc ling bén sun
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KEYWORDS

Thyte nghiém ché tao cdc mAu xi miing bén sun phat v&i cong nghé nghién riéng titng cAu t gdm clanhke
xi ming Fico, thach cao Thai Lan va xi Nhat Ban. Ty 1é xi Nhat Ban dugce khao sét trong phdi liéu xi ming
14 0, 20, 30, 40, 50, 60, 70 % so v6i téng lwgng phéi liéu. Két qua khao sat céc tinh chét cta xi mang bén
sun phat nhan dwgc: ham lvong phu gia xi cang ting thi nide tiéu chuén trong xi ming cang giam (NTC
tir 26,6 dén 27,2 %) so v&i mau xi ming khong ¢6 phu gia xi (NTC 14 27,4 %). Thoi gian bt diu déng
két ting din trong khoang tit 85 dén 150 phit va thoi gian két thic dong két ting din trong khoang tit
105 dén 195 phiit ctia cic miu xi ming khi ¢6 ham lwgng xi thay thé cho xi ming ting dan ti¥ 0 %
dén 70 %. Cac mAu xi ming c6 ham luwgng xi ting dn trong khoang tit 40 % dén 70 % thi c6 cudng
d6 bén nén ting din khi (21,3 - 25,5 MPa), @ né sun phat va d6 né autoclave én dinh. Cac miu xi
miing c6 ham lwong xi thip tir 20 % dén 30 % dat cuong do bén nén tir 18,5 dén 20,4 MPa nhé hon miu
BO (20,6 MPa- mau khong c6 phu gia xi), d6 n& sun phéat ting cao va d6 bén sun phat clia xi ming giam.

ABSTRACT

Blast furnace slag additives
Blast furnace slag portland
cement

Sulfate resisting portland

cement

The experimenting had fabricated the sulfate resisting cement samples with separate crushing technology
for each constituent including Fico cement clinker, Thai gypsum and Japanese slag. The Japanese slag
percentage surveyed in the cement blending mix was 0, 20, 30, 40, 50, 60 and 70 % of the total cement
blending mix. The study results of properties of sulfate resisting cement samples were obtained: The higher
the slag additives content, the lower the normal consistency in the cement samples (from 26.6 % to 27.2
%) compared to the cement sample without slag additives (27.4 %). The initial setting time increases
gradually in about 85 to 150 minutes and final setting time increases gradually in about 105 - 195 minutes
when the content of substitute slag for cement of cement samples increases gradually from 0 % to 70 %.
Cement samples with increasing slag content in the range of 40 % to 70 % had increased compressive
strength (from 21.3 to 25.5 MPa), sulfate expansion and autoclave expansion were stable. Cement samples
with low slag content of 20 % to 30 % achieved compressive strength of 18.5 to 20.4 MPa which was
smaller than sample BO (20.6 MPa for the sample without slag additive), sulfate expansion was increased

and thus the sulfate resisting of the cement samples was reduced.

1. Gi6i thidu

2, 8]. G chau Au viéc sit dung cac xi Id cao trong san xuit xi mang hén

hop chiém gin 20 phin trim téng s san xuét xi mang thuy lyc. Nhvw &

Xi méang xi 10 cao da c6 mét lich stt 1au dai cua viéc st dung thanh
cong trong nhidu tng dung & céc cong trinh xiy ding ven bién va ngap
min. Cac xi ming xi thudng dwgc 1am béng cach nghién hén hop tir 80
% dén 85 % xi hat, tit 10 % dén 15 % thach cao hoic anhydrit va khoang
5 % xi ming Portland. Xi ming xi ndi bat & dic diém 1a khang v&i mot

loat cac tac nhan: nuéce bién, sunfat, axit yéu, clorua, hydroxit kiém [1,
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Phép, cac loai xi ming xi da dwgc st dung vao diu nim 1889 dé xay
dung du6i 1ong dt Paris 14 hé théng tau dién ngdm. Cac ghi nhéan viéc
san xuét dAu tién ctia xi ming péoc ling xi & Pt 1a vio nam 1892. &
My dau tién san xuét xi ming péoc ling xi 14 vio nim 1896. Pén nim
1950, xi 10 cao 14 duge st dung trong san xut xi ming hodc nhu mét

loai vét liéu xi mang & hai céch co ban: nhu 1a mét nguyén lidu dé san
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xuét xi ming portland va nhu mot vat liéu gbe xi ming két hop véi xi
miing, voi, thach cao, hodc anhydrit [3 - 5]. Hién nay, xi ming siéu bén
sun phat da dugc sit dung rat thanh cong trong cong viéc ctia nudc
bién, éng bé tong tiép xtc véi nuide ngdm hung hing, trong nha may
héa chét,... Viéc duy tri 6 bén sun phat ctia xi ming 12 tuyét voi -loai
xi ming nay nhiét hydrat héa thip. So véi xi ming péoc ling, ching
dé& bi cacbonat héa qua trinh bao quan, va ddi hdi phai chim séc thém
trong giai doan én dinh ban diu dé gitt cho bé& mit 4m w6t va tranh bi
bé. Xi miing péoc ling xi 16 cao 12 kha ning chéng nuée bién va thanh
phén héa hoc khac hon xi ming péoc ling thong thuwdng. Trong d6, xi
cao nhom ¢6 duge bdo cdo dé 1am giam strc d@ khang sun phét & ty 18
thap ctia xi ming thay thé tt ca xi ting kha ning khang sun phét &
mic kha cao (65 % hoic nhiéu hon) [6-10]. V&i céac dac diém cta xi
miing pobce ling xi 16 cao bén sun phat nhu vy da lam ting cao su cin
thiét v& nhu cAu nghién cfu va phat trién ctia chiing loai xi ming nay.
Hinh 1 13 hinh anh ctia mdt s6 cong trinh x4y dung ngdm va ngap min

@ Viét Nam c6 sy 4n mon sun phat.

d 2 A / ; )
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Hinh 1. Sy #n mon sun phét trong mot sb cong trinh x4y dung ngim

va ngap man & Viét Nam.
Trong nghién citu nay da tién hanh khao sat: “Anh huong cua
ham lugng phu gia xi 16 cao theo cong nghé nghién riéng titng ciu tit

dén tinh chét clia xi ming Péoc ling hén hop bén sun phat.

2. Thuc nghiém
2.1. Nguyén liéu

Bang 1.

Thanh phin hat va mau sic ctia clanhke T4y Ninh.

Mau sic Thanh phan hat (%)
< 1 mm 1-5 mm 2-25 mm > 25 mm
Xam - nau
11,8 12,7 75,5 0

Céc nguyén liéu st dung trong nghién cttu gdm: Clanke xi ming
FiCO clia Céng ty CP Xi ming FiCO T4y Ninh, dugc san xuét tai Céng
ty C6 phin Xi ming FiCO T4y Ninh. Thanh phin hat va mau sic cta
clanke xi méng FiCO Tay Ninh duwgc cho trong Bang 1; Thach cao Théi

Lan (CaS0,.2H,0, 94,65, AR- Théi Lan); Xi Nhat Ban c¢6 thanh phan hat,

mau sic va tinh chit co 1y duge cho trong Bang 2.

Bang 2.

Thanh phin hat, mau séc va tinh chit co 1y ctia Thach cao Thai Lan.

Mau sic Thanh phin hat (%)
<1mm | 1-5mm | 2-25mm | = 25 mm
Xam bac
14,89 85,11 0 0
Chi tiéu Pon vi Phuong phap thd Két qua
nghiém
b6 hoat tinh cwong %
do
TCVN 4315:2007
- 7 ngay 64,5
- 28 ngay 78,3
Dung trong g/L TCVN 4030:2003 1,226

Khéi Iwgng riéng g/cm?® TCVN 4030:2003 2,87

2.2. Quy trinh thuc nghiém

Céc chu tit phéi liéu bao gdm: Clanhke xi ming FiCO, thach cao
Thai Lan va xi Nhat Ban duoc nghién riéng trén may nghién bi (thiing
nghién c6 kich thuwde ¢ 500 mm x L 500 mm; ning suit 5 kg/lin
nghién) dén d6 min yéu ciu. Sau dé, cac cAu ti phéi liéu nay duoc cip
phdi xi miang OPC theo ham lwgng: x % clanhke xi ming FiCO + y %
thach cao Théi Lan + z % xi Nhat Ban (véi: z = 0, 20, 30, 40, 50, 60,
70;y = 5; x = 100-y-z), thu dwgc cic miu xi ming hdn hop bén sun
phét va dugce ky hiéu miu twong tng 1a: BO, B1, B2, B3, B4, B5 va B6.
S0 @b thitc nghiém ché tao cdc miu xi mang dwoc thé hién & Hinh 2.
Céac mAiu xi ming ché tao nay tiép theo dugc dem do cac chi tiéu va
khao sat nuéce tiéu chuén, thoi gian déng két va cudng do cia miu da
xi ming ché tao.

Thach cao

Thii Lan

Hinh 2. So' db thic nghiém ché tao cic mAu xi ming hén hgp bén sun

phaét theo céng nghé nghién riéng tirng ciu ti.
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2.3. Cdc phitong phdp nghién citu

Céc phuong phap khao sat tinh chit ctia miu xi ming thuc
nghiém gdm: x4c dinh lwvong nuéce tiéu chuin va thoi gian dong két xic
dinh theo TCVN 6017-1995 ISO 9597-1989; x4c dinh cwong do cta xi
mang theo TCVN 6016:2011; xdc dinh d6 n¢ autoclave theo TCVN
8877:2011; xac dinh d6 né thanh vita trong dung dich sun phat & tudi
6 thang (TCVN 7713:2007); kinh hién vi dién t quét (SEM) dugc chup
trén méy S-4800 Trung tdm nghién cttu Vit liéu Polyme - Pai hoc Bach
Khoa Ha Noi.

3. Két qua va thao luan
3.1. Anh hténg ctia ham lwong phu gia xi dén nuée tiéu chudn, thoi gian
déng két va phdt trién curong do cia xi mang podc ldng bén sun phdt

Két qua anh hwdng ctia ham lwgng phu gia xi dén nuée tiéu
chudn, thoi gian ninh két, sy phat trién cwdng d6 cta cdc miu xi ming
poée ling bén sun phat BO, B1, B2, B3, B4, B5 va B6 dugc thé hién
twong ng & Bang 3 va cac Hinh 3, Hinh 4, Hinh 5.

Bang 3.
Anh heéng ctia ham long phu gia xi dén nuc tiéu chudn, thoi gian ninh

két va phit trién cudng d6 ctia cic miu xi ming poée ling bén sun phét.

Thoi gian Cuong

Cép phéi (%) NuGe | pinh két d6 nén

Mau c;lfl:n (phiit) (MPa)

Clanhke Thach - (%) Bfit Két R1

cao dau | thic | (ASTM)
BO 95 5 0 27,4 85 105 20,6
Bl 75 5 20 27,2 95 130 18,5
B2 65 5 30 27,2 105 145 20,4
B3 55 5 40 27,0 115 145 21,3
B4 45 5 50 27,1 105 155 23,4
B5 35 5 60 26,6 125 165 24,2
B6 25 5 70 | 26,8 150 195 25,5

Két qua khao sat cho thy, niée tiéu chudn clia cic miu xi ming
¢6 phu gia xi déu giam (tit 26,6 % xubng 27,2 %) so v&i miu xi ming

khéng c6 phu gia xi (27,4 %), mau c6 khoang ham lwgng phu gia xi

cang ting thi nde tidu chuln cang giam hon. Pidu nay c6 thé duge
giai thich 14 do ham lugng xi dugc thay thé cho xi ming, véi ham lwgng
xi ming cang giam thi lgng nuée d& dam bao cho xi ming dat d déo
tiéu chuén cang giam [TCVN 6017-1995]. Thoi gian bit diu dong két
(BDDK ting dan 85 1én 150 phit) va thoi gian két thic déng két (KTPK
ting dan 105 1én 195 phiit) cta cdc miu ting din khi ham lwong xi
thay thé cho xi ming tang din tit 0 % dén 70 %. Piéu nay c¢6 thé dugc
giai thich 13 v&i ham lwong xi ting 1én thay thé cho ham lvgng xi ming
thi Ivgng cac khoang hinh thanh trong cic miu hd xi ming giam din
dén 1am ting thoi gian déng két ctia xi ming. Cudng d6 bén nén 1 ngay
(ASTM) ctia cic mAu xi ming dat nhé hon mau BO khi c6 ham lwong xi
thép tir 20 % dén 30 % (tir 18,5 dén 20,4 MPa), sau d6 dat 1&n hon miu
BO va ting din khi ham lwong xi ting dan tit 40 % dén 70 % (twong
Gng c6 cwong do bén nén dat tir 21,3 dén 25,5 MPa), dat yéu ciu theo
tiéu chudn TCVN 6016:2011.

. - x
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Hinh 3. Anh hwéng clia ham lwgng xi 16 cao dén lgng nuée tiéu

chuén ctia cic miu xi mang.

THO! GIAN NINH KET MAU B

Ti1é xi trong mau xi ming

Thei gian, s

BO B1 B2 B3 B4 BS
— A X

Thai gian ninh ket (phit) B4t d5u  =====Thai gian ninh két (phiit) K&t thic

Hinh 4. Anh hténg ctia ham lwgng ciia xi 16 cao dén thoi gian dong

X ) 2 x . ~
két ctia cic mau xi méng.

Anh huéng cia ham lugng xi dén cueng 46 méu B
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Hinh 5. Két qua anh hieéng ctia ham lugng xi 10 cao dén phat trién

cudong d6 cdc mau xi ming.
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3.2. Anh hwréng ciia ham litong phu gia xi dén d6 né sun phdt, do né autoclave ciia xi mdng poéc ling bén sun phdt

Bang 4.

Anh huéng ctia ham Iwong xi dén d6 nd sun phat, d6 nd autoclave ctia mau xi ming bén sun phat.

- Cép phbi (%) Do n& sun phat D6 no D6 6 sun phat (%)
Clanhke Thach cao Xi 7 ngay 14 ngay Autoclave (%) 6 thang
BO 95 5 0 0,010 0,012 0,88 0,126
Bl 75 5 20 0,005 0,011 0,63 0,086
B2 65 5 30 0,009 0,014 0,51 0,040
B3 55 5 40 0,010 0,015 0,27 0,020
B4 45 5 50 0,013 0,018 0,25 0,020
B5 35 5 60 0,006 0,011 0,19 0,016
B6 25 5 70 0,006 0,003 0,11 0,012

Bang 4 12 két qua khao sat anh hudng ctia ham lwgng xi ¢én do
nd sun phat 7 ngdy, 14 ngay va d6 né autoclave (%) ctia cdc mau xi
ming poée ling bén sun phat BO, B1, B2, B3, B4, B5 va B6. Két qua
khao sét cho thiy, v&i ham luong xi ting dan tit 0 % dén 70 % thi do
né sun phét 7 ngay va 14 ngay dat én dinh ti¥ 0,003 % dén 0,018 %.
D6 nd autoclave va do nd sun phat 6 thang & cac mau c6 ham lugng xi
40 -70 % 1a én dinh dat tvong ting 0,11 - 0,27 % va 0,02 - 0,01 %. Céc
mau BO, B1, B2 v6i ham luwong xi thip (tit 0 % dén 30 %) c6 d6 nd
autoclave cao 0,88 - 0,51 %, d6 n& sun phat 6 thang cling ting cao
0,126 - 0,04 %. Nhu vay, cic miu xi ming cé d6 n& sun phat va dé né
autoclave én dinh twong tng v&i ham lwgng xi pha vio xi ming 1a tit
40 % dén 70 %; & ham lwgng xi pha vao xi ming giam 0 % dén 30 %
thi d6 né sun phat ting cao twong Gng sé 1am giam dd bén sun phét ctia
xi miing. MAu xi ming BO c¢6 d6 né autoclave > 0,8 % nén & cp phbi

xi ming nay khéng théa man yéu ciu theo TCVN 8877:2011.
3.3. Hinh thdi hoc bé mdt ctia cdc mdu xi mdng poéc ldang bén sun phdt

Két qua chup hién vi dién t& quét (SEM) ctia cdc mAu xi ming
podc lang bén sun phét dugce lua chon chup cho cic miu BO, B1, B4,
B5 12 cic miu c6 d6 bén sun phét t&t B4, B5 so sanh v&i cic mau ¢6 dd
bén sun phat khéng dat yéu ciu BO va thap B1. Két qua hién vi dién ti
quét SEM ctia cac mAu diege thé hién & Hinh 6.

Hinh chup hién vi dién t& quét trén Hinh 6 cho thiy, & cic miu
BO, B1 chua c6 sy hinh thanh cdc khoang dang C-S-H hoéc cac khoang
C-S-H d4 hinh thanh nhung rét it; & cic miu B4, BS d3 hinh thanh cic
khoang dang C-S-H trong 1am 14p ¢4y 16 tréng va hinh thanh C-S-H hinh

kim 14p dAy thém 1am cAu triic xi ming bén viing hon. Diéu nay c6 thé
12 nguyén nhan lam anh hwéng dén d6 bén sun phat ctia cic miu xi

mang [4-6].

Hinh 6. Hién vi dién tt quét SEM ctla cdc miu xi miing bén pobe ling
sun phéat BO, B1, B4, B5.

4. Két luan

Thuc nghiém khao sit anh hwdng ctia ham lugng phu gia xi t&i
tinh chét ctia xi ming poocling bén sun phat cho thiy c¢6 thé ché tao
dugc xi ming poée ling bén sun phat cao tit nguyén liéu clanke FiCO
T4y Ninh va xi Nhat Ban. Cic miu xi ming c6 phu gia xi ddu giam nudc
tiéu chudn (NTC tit 26,6 dén 27,2 %) so v&i miu xi ming khéng c6 phu
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gia xi (NTC la 27,4 %), khi ham lwong phu gia xi cang téng thi nuéc
tiéu chuén trong xi ming cang giam hon. Thoi gian bit diu dong két
(BDDK) tang dan trong khoang tit 85 dén 150 phut va thdi gian két thiic
dong két (KTPK) ting din trong khoang tit 105 dén 195 phit cia cic
mAu xi ming khi c6 ham lugng xi thay thé cho xi ming ting dan tit 0
% dén 70 %. Cudng d6 bén nén 1 ngay (ASTM) ctia cic miu xi ming
¢6 ham Iwgng xi thip 20 % dén 30 % dat 18,5 dén 20,4 MPa nhé hon
méu BO (20,6 MPa), Cuong d6 bén nén ting dan khi ham lwong xi ting
din 40 % dén 70 % (twong ting c6 cwdng dd bén nén ting dan tir 21,3
dén 25,5 MPa) va déu dat yéu cu theo tiéu chudn TCVN 6016:2011.
Céc mAu xi ming c6 d6 nd sun phat va d6 nd autoclave én dinh twong
#ng v6i ham long xi pha vao xi ming 13 tit 40 % dén 70 %. G miu xi
ming c6 ham lwong xi giam trong khoang tit 0 % dén 30 % thi d6 no
sun phat ting cao twong Gng v&i d6 bén sun phat cta xi ming giam di.
MAu xi ming BO ¢6 d6 nd autoclave > 0,8 % nén & cip phdi xi ming
nay khong théa man yéu ciu theo TCVN 8877:2011.

Tai liéu tham khao

[1]1. A.M.Hossack and M.D. Thomas. "The effect of temperature on the rate of
sulfate attack of Portland cement blended mortars in Na,SO, solution,"
Cement and Concrete Research, Vol.73, pp. 136-142, Jul.2015, DOIL
10.1016/j.cemconres.2015.02.024

[2]. Y.Ueki. "History and Utilization of Portland Blast Furnace Slag Cement."
Nippon steel & sumitomo metal technical, Vol.109,pp. 666-943, 2015.

[3]. S.M. Alaud. "Ground granulated blast-furnace and corex slag — comparative
study," Advances in Engineering Materials, Structures and Systems: Innovations,
Mechanics and Applications — Zingoni (Ed.), © 2019 Taylor & Francis Group,
London, ISBN 1636-1640

978-1-138-38696-9, (2019).  Doi:

10.1201/97804294 26506-283.

[4]. W.B. Leonard, A. E. Bryce, K. Paul , M.Della , M.C. Roy Bayard , R. Douglas
Hooton, W. Donald, L.Mauro, J. Scali Ravindra . K. Dhir Gunnar , M. Idorn, V.
M. Malhotra. "Ground Granulated Blast-Furnace Slag as a Cementitious
Constituent in Concrete," Reported by ACI Committee 233R-95,2000.

[5]. Z.Tan, G. De Schutter, G. Ye, Y. Gao, L. Machiels. Influence of particle size
on the early hydration of slagparticle activated by Ca(OH). solution.
Constraction Building Material 52 488-493 (2014).

[6]. Rob B. Polder, Timo G. Nijland, Mario R. de Rooij. Experience with the
durability of blast furnace slag cement concrete with high slag content
(CEM III/B) in the Netherlands since the 1920's. Technical Sciences, TNO
2013 R10100 (2013).

[7]. Wang.P.Z. Advances in Cement Research 17(4) 161-166 (2005).

[8]. Luong DBt Long. Nghién ctiu st dung xi hat 16 cao cho sdn xudt xi mdng tai
Viét Nam. KQNC 1157/1158, thu vién KHCN-B6 Xay dung (2009).

[9].

[10].

Biii Vin Chén. Ky Thudt Sdn xudt Chdt két dinh. NXB Khoa hoc va Ky thuat
Ha Nbi (1998).

QCVM 16:2014/BXD. Qui chudn ky thudt Qudc gia vé san phdm, hang héa vdt
liéu xdy dung (2014).

JOMC 5



