Xi mang siéu it Clanhke tirxi lo cao

Cement with super low Clinker contentobtains blast furnace slag
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Tom tat

Méi trudng ngay cang 6 nhiém do cac nganh céng nghiép phat
thai khi C0,, NO, va cac khi doc hai khac, trong d6 c6 nganh
cdng nghiép san xuat xi mang.Bén canh dé lugng chat thai céng
nghiép I xi 16 cao moi nam thai ra gan 8 triéu tan néu khong sit
dung sé tén dién tich bai chira va anh huéng dén méi trudng. Do
do viéc nghién citu ché tao xi mang siéu it clanhke tit xi 6 cao
nham giam lugng diing clanhke va giam  nhiém méi trudng la
bai toan dugc nhiéu nuéc trén thé giéi quan tam. Bai viét nay
trinh bay két qua nghién citu ché tao ra xi méng siéu it clanhke
tir xi 10 cao vai ham lugng dén 80%, két hop véi clanhke xi mang
Pooclang Hoang Thach véi ham lugng clanhke dudi 10%, muc
tiéu ché tao dugc xi mang siéu it clanhke c6 cudng dé nén sau 28
ngay dat trén 30MPa.

Tirkhda: xi 1o cao, clanhke, xi mdng siéu it clanhke

Abstract

The environment is becoming increasingly polluted as a result of
industries that emit 02, NOx, and other harmful gases, including

the cement industry. In addition, the amount of industrial waste such
as blast furnace slag produces nearly 8 million tons per year, which
consumes storage space and affects the environment. Therefore, the
production of cement with super low clinker content from blast furnace
slag in order to reduce the clinker content and reduce environmental
pollution is a problem that many countries around the world are
interested in. This article presents the research results to produce
cement with super low clinker content from industrial waste which

is blast furnace slag with content up to 80% by mass, combined with
Hoang Thach Portland cement clinker with clinker content below 10%
by mass. The purpose of this research is to manufacture cement withs
super low clinker content with compressive strength after 28 days
reaching over 30MPa.
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1. Pit van dé

Mbi trwdng ngay cang 6 nhiém do cac nganh céng nghiép
phat thai khi CO,, NO, va cac khi doc hai khac, trong dé cé nganh
céng nghiép san xuat xi mang [1].Trén thé gi&i da c6 nhiéu nha
khoa hoc nghién ctru ché tao cac nhém vat liéu két dinh co it
hoac khéng cé clanhke xi m&ng nhdm gidm lwgng dung clanhke
va gidm 6 nhiém moi truerng. Cac nhom vat liéu két dinh khong
st dung clanhke xi mang dwoc nghién ctvu trong 20 ndm gan day
la nhém vat liéu geopolymer, tuy nhién nhém vat liéu nay chwa
dwoc (ng dung rong rai trong doi séng [3,6]. M6t s6 nghién ciru
ché tao xi mang it clanhke v&i ham lvgng dwdi 30% clanhke két
hop v&i tro bay, xi I6 cao, metacaolanh, bentonit, ... dé nghién ctru
hé xi méng kiém mai [4].

Tai Viét Nam méi conghién clru ché tao xi mang cé ham
lwgng clanhke tdi thidu trong thanh phan xi mang la 20% [5], hién
chwa cé nghién ctru ndo nghién ctru ché tao xi mang it va siéu it
clanhke v&iham lwong clanhke du¢i10% trong thanh phan. Bén
canh do, luong xi 16 cao phat thai véi khéi lwong ngay cang ting
trong nhirng ndm gan day va nhirng nam sap t&i, dén n&m 2020,
lwong xi tao ra dat 8 triéu tAn, dén nam 2025 c6 thé dat trén 10
triéu tan, vi vay doi hdi phai cé cac gidi phap dé thic day viéc xor
ly, tai ché va s dung nhdm han ché viéc tén chira gay tén dién
tich bai chira va anh hwéng dén mai trwong [7].

Xi 16 cao la phé thai cia nganh céng nghiép luyén gang, la
san pham phu ctia qua trinh luyén quang oxit st thanh gang,
thai phdm & dang hat c6 kich thuéc tir 10 + 200 mm. Xi 16 cao
thwdng c6 ham lwong oxit canxi Ién, CaO tir 40% + 48%, SiO, tw
35% + 38%, Al,O5 tir 6% + 18%, va tdng ham lwgng CaO + MgO
thwong dat 40% + 50% hay cao hon ni¥a. Nhw vay, co thé coi xi
16 cao nhw 1a mét loai vat liéu co tinh kiém cao, modun kiém Mk =
0,9 + 1,2 va modun hoat tinh Ma = 0,16 + 0,53. Chung dwoc coi
la c6 hoat tinh thuy lwc cao, ¢ kha nang tw déng ran nhw xi mang
podc lang. Hoat tinh thuy Iwc nay dwoc tang 1én rd nét khi xi 0
cao dwoc hoat tinh hoa bang kiém — sun phat. Nhirng loai xi kiém
cao c6 modun hoat tinh Ma cang I&n va cang nhiéu ham luvong
pha thuy tinh (pha I&ng) thi thé hién hoat tinh thuy lwc cang manh.
Déc diém quan trong nay 1a can c cha yéu dinh huéng cho viéc
st dung xi |6 cao cho sén xuét xi méng siéu it clanhke va viéc tan
dung phé thai xi 16 cao trong san xuét xi méng da gép phan rat Ién
vao viéc x& ly ngudn phé thai cong nghiép.[8]

Chinh vi vay, d& tai nghién cru ché tao xi mang siéu it clanhke
tlr ngudn phé thai cong nghiép la xi 16 cao, v&i lwgng clanhke st
dung duw¢i 10%, muc tiéu ché tao dworc xi mang siéu it clanhke c6
cwong dd nén sau 28 ngay dat trén 30MPa.

2. Vat liéu va phwong phap nghién ciru
2.1. Vét ligu thi nghiém
2.1.1. Xi lo cao

e tai st dung xi 16 cao S95 Hoa Phat, thanh phan hoa hoc va
mot so tinh chat cla xi 16 cao S95. (Bang 1, 2)

C6 hé sb kiém tinh K = (CaO+ MgO+ Al,0;)/SiO,
=(40.95+9.2+10.95)/35.54=1.72
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Hinh 1. Xi l0 cao S95

Nhw vay, xi 10 cao st dung thod man theo TCVN 4315-
2007 xi hat |6 cao dung dé san xuat xi mang.
2.1.2. Thach cao

Dé tai st dung thach cao FGD (Flue Gas Desulfurization) Chitia . —
c6 thanh phan hoa hoc va mot sb tinh chét clia thach cao. hi tiéu Banh gia
(Bang 3, 4) Mat do 1g/cmd, 23°C

Thach cao FGD la thach cao nhan tao cé ham lwgng pH 6.0-8.5
SO5> 3?% dam bao Ehes) yéu‘c‘étlj k)"/vthuat clia TCVN 9807 — Ham lwong ran 40 +1%
2013 ve thach cao dé san xuat xi mang. ol 0.005%

2.1.3. Clanhke —= (‘) v -

Dé tai st dung clanhkexi méng Poocliang Hoang Thach, ke - _
nghi&n cling 4% thach cao ctia nha may nhiét dién Nghi Son | Na20+K;0*0,658 2.5%

(FGD) dé tao thanh xi mang nén.
Céc tinh chat clia xi méng va thanh phan khoang, hoa
clia clanhke xi mang. (Bang 5, 6)

Bang 1. Thanh phan héa hoc cua xi 16 cao S95 sir dung

Bang 5. Cac tinh chat xi mang

TT Tinh chét Két qua
Do am, % 0.46

2 | Lwong nwéc tiéu chuan, % 30
Thoi gian dong két: )

3 | - Thoi gian bat dau dong ket, phut 90
- Thoi gian két thic doéng két, phat 170
Cuwong dd nén:

4 |- & 3ngay tudi R3, MPa 36.4
- O 28 ngay tudi R28, MPa 41.9
Do min:

5 | - Do sét sang 80um, % 2.1
- D) s6t sang 45um, % 1.7

Xi mang dam bao yéu ciu ky thuat theo TCVN 2682 —
2009. (Bang 6)

2.1.4. Phu gia

Dé& tai st dung phu gia siéu déo polycarboxylate loai
HS301(dang b6t min)

Dac tinh cda phu gia. (Bang 7)
Bang 7. Thong so ky thuat ctia phu gia

2.2. Phuong phap nghién coru
Phwong phap thi nghiém st dung trong nghién ctru la:

Thanh phan héa, % khéi lvong
SiO, Cao Al,O3 Fe,03 MgO SO; K,0 Na,O TiO, Cl- MKN
35.54 40.95 10.95 0.72 9.2 0.14 0.67 0.43 0.32 <0.001 0.99
Bang 2. Mgt so tinh chat co ly chia xi 16 cao S95 Bang 4. Mot s6'tinh chat co ly ctia thach cao
T Tinh chét Két qua TT Tinh chét Két qua
Do &m, % 0.05 D6 am, % 29.3
Do soét sang 80um, % 1.6 Do sét sang 80um sau sy, % ~0
Do sot sang 45 um, % 1.7 Do s6t sang 45um sau sy, % 0.15
Bang 3. Thanh phan héa hoc cta thach cao
Thanh phan héa hoc, % khéi lwong
MKN SiO, Al,O3 Fe,O3 CaO MgO SO; K,0 Na,O Cl-
21.18 0.73 0.06 0.08 31.92 0.3 43.73 0.06 0.02 479ppm
Bang 6. Thanh phan hod, thanh phan khoang cua clanhke xi mang
Thanh phan héa hoc, % Thanh phan khoang, %
Ca0o SiO, | AlLO; | Fe,03 | MgO SO3 K20 Na,O | MKN C3S C,S CiA C,AF
65.92 | 21.89 5.26 3.56 1.23 0.01 0.1 0.012 0.56 61.54 | 16.33 7.92 10.83
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Hinh 2. Thach cao FGD trudc va sau say

Phwong phap ly thuyét két hop véi thuc nghiém.
Cac phwong phap tiéu chuén:

+ TCVN 4030 : 2003 : Xi mang — Phwong phap xac dinh
ddé min.

+ TCVN 6017 : 2015 : Xi mang — Phwong phap xac dinh
thei gian déng két.

Phwong phap phi tiéu chuén:

+ Xac dinh cwdng do dwa theo TCVN 6016 : 2011 nhwng
didu kién bao dudng thay dbi.

+ Phwong phap nhidu xa tia X (XRD) — Xac dinh thanh
phan khoang.

+ Phuong phap phan tich SEM — Xac dinh cAu trac
khoang.
3. Két qua thi nghiém
3.1. Cép phéi nghién ctru

Sau qua trinh nghién ctru va th&r nghiém, nhém nghién
ctu dwa ra dwgc cac cap phdi. (Bang 8)
Bang 8. Cap phoi nghién ciru

TT | Ky hiéu m3u | XLC,% [XM,% |TC khan,% |PG,%
1 MPGO - 100 - -
2 MPG1 80 10 10 -
3 MPG2 75 10 15 -
4 MPG3 70 10 20 0.11
5 MPG4 65 10 25 0.13
6 MPG5 60 10 30 0.15

Xi 16 cao S95 dugc xac dinh thanh phan héa, thanh phan
hat, xac dinh @ am, d min réi can theo ham lwgng st dung
cho tirng mau.

Xi mang nén dugc nghién tr clanhke xi mang Pooclang
Hoang Thach va 4% thach cao, dwgc can theo ham luwong
st dung cho tlrng mau.

Thach cao c6 céng thirc héa hoc la CaS0O,.2H,0 duwoc
sdy & 250°C thanh thach cao khan CaSOQ,, sau do can theo
ham lwong st dung cho tirng mau.

Qua qua trinh nghién ctru va thi nghiém khao sat, nhém
nghién ctru quyét dinh s& dung thém phu gia giam nwéc gidp

¢b dinh lwong nwéc cla cap phdi d& dé dang so sanh cwéng
do clia cac mau.

Cac mau nguyén liéu duwgc can theo cAp phéi rdi tron médi
mé khoang 2 kg trong may tron trong khodng th&i gian 15-20
phit cho méi mé.

3.2. Két qua xéac dinh luong nuée tiéu chudn va thoi gian
déng két

Két qua thi nghiém Iuong nwéc tiéu chuan va thoi gian
déng két clia cac mau xi méng dwoc thé hién trong bang 9:

Bang 9. Lugng nudc tiéu chuan va théi gian déng
két ciia cac mau xi mang

sz Tax, phut
TT| Ky hiéu mau Ny, %
Toaak Ttax
1 MPGO 30 90 170
2 MPG1 47 6 10
3 MPG2 52 5 9
4 MPG3 55 4 8
5 MPG4 60 4 7
6 MPG5 63 4 7

Qua két qua nghién ctru va tir @b thj (hinh 3) ta théy,
lweng nuéc tiéu chudn clia cadc mau xi mang siéu it clanhke
cao hon mau xi méng théng thuwéng, cao hon twr 17-33%. Khi
ham lwong thach cao ting thi lwong nwéc tiéu chuén ciing
tang lén, nguyén nhan la do thach cao sr dung trong nghién
ctru la thach cao khan CaSQy,, vi vay lvong nwéc tiéu chuan
clia cac mau déu cao hon so véi mau kiém chirng MPGO va
lwong nwdce tang khi tang ham Iwong thach cao khan trong
cac mau.

Céc két qua thi nghiém thoi gian dong két ctia cac mau
xi mang thé hién trong bang 9 va db thi hinh 3 ciing cho thay
thoi gian bt ddu va két thuc dong két clia cac mau xi mang
siéu it clanhke rat ngén, diéu nay ciing la do ham lwong
thach cao khan khao sat trong nghién ctru nay twong dbi
I&n. Nhém nghién ctru dang tiép tuc nghién ctwu tiép dé co
thé kéo dai thoi gian dong két ciia xi méng siéu it clanhke dé&
dam bao yéu ciu k¥ thuat ciia xi méng khi dwa vao st dung.
3.3. Két qua xac dinh cuong do

Két qua thi nghiém cwéng d6 nén clia cac mau xi mang
dwoc thé hién trong bang 10:
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Bang 10. Cudng dd nén cac mau xi mang

o Rn,MPa

TT Ky hiéu mau
Rs Ras
1 MPGO 36.4 41.9
2 MPG1 275 33.1
3 MPG2 26.3 30.8
4 MPG3 24.4 31.5
5 MPG4 24.5 31.2
6 MPG5 25.2 31.4

Qua két qua nghién ctru va tir b thj (hinh 4) ta thay, cac
mé&u xi mang siéu it clanhke cé cwéng dé twong déi tét & cac
ngay tudi. Cac mau xi mang siéu it clanhke ché tao tir dé tai
c6 cuwong d6 sau 28 ngay tudi déu trén 30MPa, trong do,
mau MPG1 c6 cwéng dd cao nhét.

Két qua nghién ctru cling cho thdy cudng d6 cac mau
xi mang siéu it clanhke & cac ngay tudi dat 70 - 80% so
véi mau kiém chirng MPGO (mAu 100% XM). Biéu nay co
thé giai thich la do cac mau xi mang siéu it clanhke c6 ham
lwong xi 16 cao 16n s& &nh hwéng dén sy phat trién cwéorng do
clia cac mau. Qua trinh thuy hoa ctia hé xi méng — xi - thach
cao — nwéc dién ra nhw sau:

Sw thuy hoa cac khoang chinh trong xi mang: [1,2]

2(3Ca0.Si0,) + 6H,0 = 3Ca0.2Si0,.3H,0 + 3Ca(OH),

2(2Ca0.Si02) + 4H20 = 3Ca0.2Si0,.3H,0 + Ca(OH),
3CaO.AI203 + 6H20 = 3CaOAI2036H20

4Ca0.Al,05.Fe;03 + (n+6) H,O

= 3Ca0.Al,03.6H,0 + Ca0.Fe,03.nH,O

Khi cé thach cao, thach cao sé tac dung véi cac
hydroaluminat canxi tao thanh hydromonosunphoaluminat
canxi hoac hydrotrisunphoaluminat canxi:

3C30A|2036H20 + CaSO42H20 + 4H20

= 3Ca0.Al,05.CaS0,4.12H,0 (monosunphat)

3Ca0.Al,05.6H,0 + 3CaS0,4.2H,0 + 20H,0

= 3Ca0.Al,05.3CaS0,.32H,0 (trisunphat)

San pham phu trong qua trinh thuy hoa xi mang sé phan
&ng v&i cAu tlr clia xi tao thém pha rén co tinh chat két dinh:

3Ca(OH), + 2SiO,(v6 dinh hinh) + H,O

= 3Ca0.2Si0,.H,0

3Ca(OH), + Al,O5 (hoat tinh) + 6H,0O

= 3Ca0.Al203.6H20

3Ca(OH), + Fe,0O3 (hoat tinh) + 6H,0

= 3Ca0.Fe,03.6H,0

Bén canh do6, CaS0,.2H,0 déng vai trd 1am chét kich
thich sunfat, né tac dung v&i aluminat canxi cta xi, hodc véi
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Hinh 4. Cudng d6 clia cAcmau xi méng

Al(OH); tao thanh hydrosunphoaluminat canxi.

3CaO.AI203 + 203(0H)2 + CaSO42H20 + 8H20

= 3Ca0.Al,03.CaS0,.12H,0

12Ca0.7Al,05 + 9Ca(OH), + 21CaS0,4.2H,0 + 173H,0

= 7(3CaOAI2033CaSO432H20)

Céac mau xi mang siéu it clanhke ché tao tir dé tai voi
ham lweng xi 16 cao 16n sé& thuy hoa cham hon mau xi mang
gbc & diéu kién thuwong va & cac ngay tudi ngan ngay, didu
nay giai thich cac két qua nghién ctu dwoc trinh bay trong
bang 10 va db thj hinh 4.

4. Két luan

C6 thé ché tao dwoc xi mang siéu it clanhke (ham lwong
clanhke dwéi 10%) tw xi 16 cao véi ham lwgng xi 16 cao thay
thé dén 80% clanhke. Cac mau xi méng ché tao dwoc déu
¢6 cudng do sau 28 ngay tudi cao trén 30 MPa, trong dé cao
nhét [a mau MPGH1, tuy nhién, nhém dé tai van dang tiép tuc
nghién ctru dé co thé kéo dai thoi gian déng két ctia cac mau
xi mang siéu it clanhke./.
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