KET QUA NGHIEN CUU VA UNG DUNG

PO BEN SULFAT CUA XI MANG POOC LANG HON HOP
SU DUNG PHU GIA KHOANG TRO BAY

Nguyén Trong Lam', Dao Dinh Khanh®

Tém tat: Muc dich cda nghién ctru nay la ché tao mét loai xi méng bén sulfat dap (g duoc céc yéu céu
theo TCVN 7711:2013 [1] te clanhke thuong phdm va tro bay (FA). Bai béo trinh bay két qua nghién ctru
trong phong thi nghiém vé énh hudéng cda tro bay loai F dén céc tinh chét co ly va dac biét la dé bén
sulfat cdia xi mang podc Idng hén hop. Két qua nghién ciru cho thay, khi tdng ham lwong tro bay lam giam
luong nwéce tiéu chuén, kéo dai thoi gian bat dau va két thuc déng két, gidam dd né cia vira xi mang trong
dung dich sulfat. Khi st dung 20% tro bay, curong dé cla xi mang tdng 7,4%, do né cua vita trong dung
dich sulfat giam 65,2% so véi mau xi méang podc lang (Portland Cement-PC). Tuy nhién, khi si¥ dung 25%
tro bay, cuong dé cua xi mang dat 46,68 MPa, gidm nhe (1,4%) so v6i mau xi méng PC nhung vén dat
méc 40. Dwra vao céc két qua nghién ciru cé thé ché tao duoe loai xi méng bén sulfat trung binh PCB40-
MS khi st dung 25% tro bay va clanhke thuong pham.

Trkhéa: Ximang bén sulfat; tro bay.

Summary: This research is aimed to produce sulfate resistance cement, which satisfies the requirements of
TCVN 7711:2013 [1] from the commercial clinker and fly ash. This paper presents the results of research on
effects of type F fly ash on the mechanical properties, especially the sulfate resistance of Portland Blended
Cement in laboratory. The results indicated that the increase in the fly ash content caused a decrease in
normal consistency, delay the initial and final setting time, especially significant increase in the sulfate
resistance of cement. When using 20% fly ash, compressive strength of cement increased 7,4%, expansion of
the mortar in sulfate solution reduced 65,2% in comparision with Portland Cement (PC) samples. However,
when using 25% fly ash, compressive strength of cement gains 46,68 MPa, a slight decrease (1,4%) in
comparision with PC sample, but still reached class of 40. Based on the research results, the moderate sulfate
resistance cement (PCB40-MS) can be produced by using 25% fly ash and commercial clinker.

Keywords: Sulface resistance cement; fly ash.
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(@ 1.Gisithisu

Viét Nam |a mdt nwdc ven bién, khi hau nhiét doi gié miia, co hon 3.200 km bé bién va nhiéu hai dao.
Cac cong trinh xay dung & ven bién, clra sdng, ven ddo, cau cang, dé ké... déu tiép xtc véi mdi trudrng bién, béi
vay rat can dén xi mang bén sulfat. Trong khi d6, nwéc ta méi chi cé mét sd don vi san xuét xi mang bén sulfat
nhw Cong ty Xi mang X18, Cong ty Xi mang Ha Tién, Nha may Xi mang Tam Biép... Tuy nhién, gia thanh cta xi
mé&ng bén sulfat trén thi trweéng Viét Nam thwéng cao hon nhidu xi mang thuéng va khdng coé san trén thi
trwong.

Céc cong trinh xay dwng bang bé téng xi méng ndm trong méi treérng cé mudi sulfatludn xay ra quéa trinh
xam thire va bi pha hoai theo thai gian. Theo céac tai liéu [3-5], dd bén clia da xi mang trong méi tridng sulfat co
thé dwoc danh gia béng dd nd cla thanh vira ngam trong dung dich sulfat (do tao thanh thach cao va ettringit
thir sinh) hay s suy gidm khéi lwgng va cwéng do (do sw pha hdy cu tric da xi mang). Tuy nhién, theo TCVN
7711:2013 [1] chi danh gia dé bén sulfat cia xi mé&ng qua d6 né cia thanh vika ngam trong dung dich sulfat. Béi
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vay, trong nghién clru nay chi danh gia dé né ctia thanh vira do hinh thanh thach cao va ettringit thir sinh. Theo
dé, cac ion sulfat (SO,”) tac dung vé&i Ca(OH),, 3Ca0.AlLO,.6H,0 hay 3Ca0.Al,0,.CaS0,.12H,0 (la san pham
hydrat hba ctia cac khoang clanhke xi mang nhw C,S, C,A, C,AF) va c6 thé ca C,Acon dw tao thanh ettringit thi
sinh kém theo sy né thé tich gy nén néi (rng suat pha vé cAu tric da 6n dinh clia da xi mang theo cac phuwong
trinh 1-4 [3-5].

Ca(OH),+Na,S0, +2H,0 — CaS0,.2H,0 + NaOH (1)
3Ca0.AL,0, 6H,0 + 3CaS0,.2H,0 + 20H,0 — 3Ca0.Al,0,.3CaS0,.32H,0 @)
3Ca0.Al,0,.CaS0,.12H,0 + 3CaS0,.2H,0 + 16H,0 —» 3Ca0.AL,0,3CaS0,.32H,0  (3)
3Ca0.Al,0, + 3CaS0,.2H,0 + 26H,0 — 3Ca0.Al,0,.3CaS0,.32H,0 (4)

Nhu vay, aé giém dé né do tac dung cla ion sulfat, cin phai st dung loai xi rpéng c6 ham lwgng C,Ava
C,S thap [8] hoac st dung cac loai phu gia khoang co tac dung lam giam thanh phan co thé phan trng v&iion
sulfat khi xi mang thay hoéa[3,5,8]. Trong céc phwo'ng phap trén, viéc sir dung tro bay thay thé mét phan xi mang
6 nhiéu wu diém. Ngoai viéc gian tiép lam giam ham lwong cac khoang C.Ava C,S trong xi mang thi sir dung
tro bay can mang dén nhiéu hiéu qua khac nhu tang tinh céng tac, ting cwérng do tudi dai ngay, tang do déc cla
vira va bé tong. Bac biét, sir dung tro bay con c6 tac dung lam giam an mon sulfat cta bé téng do lam giam
lwgng Ca(OH), tw do trong bé tong va tang dé dac cau tric clia bé tdng nhd phan ting puzolanic[7].

Ngoai nhikng hiéu qua vé mat k§ thuat, st dung tro bay con mang lai nhiéu’lcyi ich vé mat kinh té va moi
truedng. Bén canh g6, Viét Nam c6 nguon tro bay véi tri Iong 16n va chat lugng tot, dén nam 2015 san lvong
tro xi nhiét dién cha Viét Nam dat khoang 5,7 triéu tAn/ndm va dwoc phan bd & nhiéu viing trén 1anh th Viét
Nam [2]. Day cling la diéu kién thuan lgi cho viéc nghién clru st dung tro bay trong xi mang va bé téng.

B&i vay, tac gia da st dung tro bay dé ché tao xi mang pote lang hdn hop bén sulfat. Phirong phap nay
don gian ve cong nghé, hiéu qua ve kinh té va con gop phan giam 6 nhiem méi trrdng, phu hop voi muc tiéu
phét trién bén viing cla Viét Nam.

(@® 2.Nguyénvatliéusirdung

Nguyén vat liéu str dung trong nghién ctru gdbm c6 Clanhke Hoang Mai, thach cao Thai Lan va tro
tuyén Pha Lai.

2.1 Thanh phan héa hoc ctia nguyén liéu

Thanh phan héa cla véatliéu sir dung duoc trinh bay trong Bang 1.

Bang 1. Thanh phén héa cia cac nguyén liéu st dung

Thanh phén héa hoc  |Clanhke Hoang Mai, %| Tro tuyén Pha Lai, % Thach cao, %
MKN 0,69 4,87 21,23
Sio, 22,38 58,44 1755
Fe,O, 3,11 5,27 0,11
ALO, 518 24,05 0,4
CaO 64,46 0,79 St
MgO 2,62 1,12 0,81
SO, 0,21 0,11 44 34
K,O 42 4,33 0,06
Na,0 0 0,25 0
TiO, 0,23 0,77 0

2.2 Thanh phan khoang va thanh phéan hat

Thanh phéan khoéng clia clanhke Hoang Mai dwgc thé hién trén Hinh 1 va Bang 2. Thanh phan
khoang va thanh phan hat ctia tro tuyén Pha Lai dwoc thé hién trén Hinh 2, hinh 3 va Bang 3. T biéu do
Hinh 2, thanh phan cla tro tuyén Pha Lai nhw sau: Quartz ~ 8%; Mullite ~ 9% va pha vé dinh hinh ~ 83%.

Baéng 2. Thanh phan khoéng va céc hé so ctia clanhke Hoang Mai

Thanh phan khoang, % Cac hé so ché tao
@5 &5 C.A C.AF LSF MS MA
54,26 22,25 8,47 9,46 0,916 2,658 1,665

Ghi chu: LSF - Hé s6 bao hoa véi; MS - Médun silicat; MA - Médun nhom.
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Bang 3. Phén bo c& hat cia tro tuyén Pha Lai
Kich thwéc hat, pm 10 45 63 90 125
Lwong hat nhé hon, % 37T 79,7 88,8 95,5 99,2
T két qua nghién clru cac loai vat liéu sir dung cho thay:
-Tro bay str dung c6 ham lvong CaO rét thap va Ia tro bay loai F theo phan loai cda tiéu chuan ASTM
C618. Loai tro bay nay phi ho'p dé st dung cho xi mang bén sulfat.

- Clanhke xi mang Hoang Mai co ty Ié khoang C,A cao, khdng dat yéu céy clia xi mang podc lang bén
sulfat theo TCVN 6067:2004. Tuy nhién, diéu nay cang lam ré hiéu qua tang do bén sulfat cla tro bay st dung.
(® 3.Thwcnghiém

3.1 Ké hoach thuc nghiém

Dé danh gia anh huwdng cia tro bay dén cac tinh chat co ly va do bén sulfat clia xi méng poéc lang,
trong nghién clru nay chon tro bay thay the xi mang PC v&i cacty 18: 0%, 15%, 20% va 25% theo khoi lwgng.
Trong do, xi mang PC thu dwoc tir nghién clanhke Hoang Mai véi 4% thach cao (lay theo ty 1& thach cao st
dung phé bién ciia Céng ty Xi mang Hoang Mai).

Bang 4. Cap phéi nguyén liéu st dung trong nghién ctru

STT Ky hiéu mau xi mang Xi mang PC, % Tro bay, %
1 BE 100 0
2 FA15 85 15
3 FA20 80 20
4 FA25 75 25
3.2 Phwong phap thi nghiém

~ Trong nghién clru nay st dung cac phuwong phap tiéu chuan va phi tiéu chudn dé xac dinh cac tinh

chat clia vat liéu sir dung va xi mang. Trong dé, cac phwong phap tiéu chuan dwgc sir dung bao gém:

- Phan tich thanh phan héa hoc: TCVN 141:2008;

- Xac dinh cac tinh chét co'ly clia xi méng: TCVN 4030:2003, TCVN 6016:2011 va TCVN 6017:2011;

- Xac dinh dé né cla thanh vira trong dung dich sulfat: TCVN 6068:2004, TCVN 7713:2007.

Phuong phap phi tiéu chuan dwoc st dung dé xac dinh thanh phan khoang theo phwong phap nhiéu
xa ronghen va xac dinh thanh phan hat cua tro bay bang lazer. V&i muc dich ché tao xi mang poéc l1ang hon
hop bén sulfat trung binh (PCB-MS), tac gia chi thi nghiém xac dinh d né cla thanh vira trong dung dich

sulfat dén tudi 180 ngay (6 thang). Mau vira dé xac dinh dé né trong dung dich sulfat va thung ngam méu
nhw trén Hinh 4.

a) Thanh vira dé xéc dinh dé né sulfat b) Thing dung dich sulfat ngam mAu
Hinh 4. Thi nghiém xéc dinh dé né cda thanh vira trong dung dijch sulfat

@ 4.Két qua nghién ciru vaban luan Bang 5. Thanh phan héa ciia xi méng nghién ctiu

4.1 Thanh phan va cac tinh chat [Thanh phan
co'ly cda ximéng héa hoc PC, % FA15,% | FA20, % FA25, %

- Thanh phan héa cla xi mang: MKN 1,51 2,02 2,18 2,35
Thanh phan hoa clia xi mang dwoc tinh toan Sio, 21,55 27,08 28,93 30,77
trén co s& ty 1& va thanh phan héa cla Fe,0, 2,99 3,33 3,45 3,56
clanhke, tro bay va thach cao. Thanh phan ALO, 4,99 7,85 8,80 9.75
hoa clia 4 mau xi mang nghién clru dwoc Ca0 63,14 53,79 50,67 47,55
trinh bay trong Bang 5. Tir k&t qua trén cho MgO 2,55 2,33 2,26 2,19
thay, thanh phan hoéa cuia cac mau xi mang S0, 1,98 1,70 1,60 1,51
thi nghiém phu hop véi yéu cau clia xi méang K.O 1,08 1,57 1,73 1,89
pode lang (TCVN 2682:2009) va xi mang Na,0 0,00 0,04 0,05 0,06
pode l&ng hdn hop (TCVN 6260:2009). Tio, 0,22 0,30 0.33 0,36
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- Tinh chét co Iy cGia xi méng: Theo TCVN 7711:2013 [1], dé danh gia sy phu hop clia xi mang podc
lang hén hop bén sulfat, ngoai dd n& clia thanh vira ngam trong dung dich sulfat, con phai xac dinh cac chi
tiéu: cwdng do né, lwgng nwarc tiéu chuan, thoi gian déng két, dd min va dd nd autoclave cla xi mang theo
TCVN 6260:2009. K&t qua mét sb tinh chét co' ly clia cac mAu xi méng thi nghiém dworc trinh bay trong Bang 6.

Bang 6. Tinh chét co Iy cta xi méng

c . Két thuc . ..
anm3u| Nwéctieu | Bétdau déng D6 min, Do no
STT | Tén mau chuén,% két, phut dé:ﬁu‘;ét’ Blaine, cm’/g | autoclave, %
1 PC 29,7 91 139 4045 0,001
2 FA15 29,1 99 141 3884 0,00
3 FA20 28,9 103 145 4019 0,00
4 FA25 28,6 106 150 4077 0,00

Tw két qua trong Bang 6 cho thay, khi st dung tro bay lam giam lwgng nuwéc tiéu chuan ctia xi mang,
khi ting leong dung tro bay thi lwgng nwée tiéu chuan cla xi mang giam, tuy nhién miec giamrat it. Két qua
nay c6 dugc do hiéu (rng 6 bi cla tro bay [6], tuy nhién lwgng nuéc tiéu chuan giam rat it co thé do anh
hwéng clia lwgng than chwa chay trong tro bay (4,87%).

Doi voi thoi gian dong két, khi st dung tro bay lam tang ca thoi gian bat dau va két thiic dong két. Khi
str dung 25% tro bay thay thé xi mang, thoi gian bat dau dong két tang 15 phut va thoi gian két thic déng két
tang 11 phat so vé&i mau doi chirng khdng st dung tro bay.

Nhikng tinh chat trén clia cd 4 mau xi mang thi nghiém déu phi hop véi yéu cau ctia xi mang pooe
lang (TCVN 2682:2009) va xi mang podc lang hon hop (TCVN 6260:2009).

4.2 Syrphét trién cweong dé cua déa xi mang

Cudng do nén clia ximang & tudi 3 ngay, 7 ngay va 28 ngay dwoc thé hién trong Bang 7 va trén Hinh
5,Hinh 6. Tr két qua trén cho thay:

- Cudng dd nén cla mau khéng st dung tro bay & tudi 28 ngay la 47,35 MPa, nhw vay clanhke
Hoang Mai dat mac 40.

- Khi st dung tro bay, cueng d6 nén clia xi mang & tudi 3 ngay déu thap hon mau dbi chirng, dac biét
khi str dung 25% tro bay cwéng dé nén cia xi mang giam 7,3% so v&i mau doi chieng. Tuy nhién, & tudi 7
ngay va 28 ngay cwdng dd clia mau xi mang stir dung 15% va 20% tro bay déu cao hon mau doi chirng va xi
mang st dung 15% va 20% tro bay c6 thé dat mac 50.

- Khi st dung dén 25% tro bay, cuwéng do clia xi mang & tudi 7 ngay va 28 ngay déu thap hon mau doi
chirng. Tuy nhién mirc gidm khdng nhiéu (chikhoang 1,4%) va xi mang van dat mac 40.

Béng 7. Cudng dé nén clia cac méu xi mdng

- Cwdng dé 3 ngay (R. Cwdng dé 7 ngay (R ong do 2 3
sTT | Tén mau g d6 3 ngay (R,) g d6 7 ngay (R,) | Cweng do 28 ngay (R,)
Mpa % Mpa % Mpa %
1 PC 29,92 100,0 35,78 100,0 47,35 100,0
2 FA15 29,47 98,5 38,10 106,5 51,54 108,9
3 FA20 28,48 95,2 37,83 105,7 50,85 107,4
4 FA25 27,74 92,7 35,76 99,9 46,68 98,6
55 60
50 50 - -
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4.3D6 northanh viva trong dung djch sulfat

Dé& danh gia sw phii hop clia xi mang podc ldng hén hep bén sulfat trung binh véi TCVN 7711:2013
[1], c&n x4c dinh dé né cla thanh vira ngam trong dung dich sulfat dén tudi 6 thang. Két qua dé né cla thanh
vira trong dung dich sulfat dén tudi 6 thang dugc thé hién trong Bang 8 va Hinh 7.

Bang 8. D6 né cua thanh vira ngdm trong dung djch sulfat

STT Tén miu Do né trong dung dich sulfat, (TCVN 7713:2007 [9])
14 ngay 1 thang 3 thang 6 thang
1 PG 0,0200 0,0416 0,0608 0,1788
2 FA15 0,0194 0,0412 0,0448 0,0844
3 FA20 0,0156 0,0192 0,0241 0,0623
4 FA25 0,0132 0,0172 0,0193 0,0584
T két qua trén cho thay: Khi sir dung tro bay do 021
né cla thanh vira ngadm trong dung dich sulfat giam. 0,18
Bac biét, khi ham lwgng tro bay st dung trén 20%, do 0,15
n& cla thanh vira ngam trong dung dich sulfat giam % o,
manh. Khistr dung 25% tro bay, d6 n& cha thanhvitad 5 -
tudi 6 thang chi bing 32,7% so v&i miu xi mang PC~ © 0'06
khéng st dung tro bay. Két qua nay c6 dwoc do khi st ' =
N ‘> - L 3 0,03 t
dung tro bay lam giam lwong khoang C A trong xi mang 4 —
do giam lwgng clanhke va giam lwvgng Ca(OH), tw do S = & & o o fr o
sinh ra khi cac khoang xi mang thily héa va tang dé dac Théi gian ngam méu, ngay
cAu tric clia vira nhé phan ing puzolanic [7]. —#PC E-FAIS —oFA20 ——FA25

Hinh 7. Bé né cua thanh vira trong dung dich sulfat theo thoi gian

(® 5.Kétluan

Trén co sé vatliéu str dung va diéu kién thi nghiém da thuc hién, tac gia dwa ra mot sé kétluan sau:

- Khi st dyng tro bay lam phu gia khoang cho xi méang lam giam lwgng nwoc tiéu chudn, ting thei
gian batdau va kétthic déng két cha xi mang;

- Khi str dung dén 20% tro bay lam tang cwdng do nén cla xi mang. Tuy nhién, khi str dung dén 25%
tro bay, cwdng dd nén clia xi mang bat dau giam so véi mau xi mang PC;

- Str dung tro bay lam giam manh d6 n& cua thanh vira ngam trong dung dich sulfat. Khi sir dung
25% tro bay, dd né clia thanh vika ngam trong dung dich sulfat & tudi 6 thang chi bang 32,7% so véi mau xi
mang PC;

- C6 thé siv dung clanhke xi mang thng thudng va tro bay dé ché tao xi mang podc 1&ng bén sulfat
trung binh. Khi sir dung 25% tro bay thay thé clanhke xi mang ché tao dwoc xi mang poéc lang hén hop bén
sulfat trung binh PCB40-MS phu hgp v&@i TCVYN 7711:2013 [1].
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