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Vita xdy dung Bai bdo nay trinh bay két qua nghién cttu tan dung ngudn chét thai tro bay va phu phdm xi 16 cao
Tro bay nghién min t¥ cic nha méay nhiét dién va luyén kim & Viét Nam trong ché tao vita xiy dung bing
Xi 16 cao nghién min phuong phép kidém hoat héa v6i dinh hwéng Gng dung cho hoat dong x4y t6 hoan thién cong trinh. Céc
Phuwong phap kidém hoat héa miu vita duge thiét ké v&i mac yéu ciu téi thidu M10 st dung céc ti 1& khic nhau (theo khéi lwgng)

ctia xi 16 cao/tro bay (70/30, 50/50 va 30/70) va cic ndng d6 khac nhau ctia dung dich NaOH (6M, 8M,
10M va 12M). Hén hgp hai dung dich NaOH va Na,SiO, duge st dung lam dung dich kiém kich hoat
trong nghién citu nay. Cac dic tinh kj thudt ctia cic miu vita dugc danh gia gdm cudng d6 chiu nén,
d6 hit nwée, dd co khé, tbe d6 truyén séng siéu am qua miu va phén tich dic diém vi ciu tric vita trén
co 56 d6i sanh v6i cac tinh chit twong ting clia miu vita xi ming thong thuong. Két qua thuc nghiém
cho thiy, miu vita duwgc san xuét tif 50 % tro bay + 50 % xi 16 cao va duoc kich hoat bing dung dich
kiém c6 st dung NaOH 10M (S5F5N10) c6 cac tinh chét ki thuét phit hop nhét véi yéu ciu ctia vita xay
dung theo TCVN 4314:2003. Két qua nghién cttu mét 1an nita khing dinh tiém ning 16n trong san xult
vita xdy dung st dung tro bay va xi 10 cao, c6 thé thay thé hoan toin vita xi ming truyén théng trong
cac hoat déng xiy dung, gép phin tiét kiém ngudn tai nguyén thién nhién va han ché tinh trang 6

nhiém méi triedng.

KEYWORDS ABSTRACT

Cementless mortar This paper presents the results of the study on the use of fly ash (FA) and ground granulated blast-furnace
Fly ash slag (GGBFS) in the preparation of construction mortars by alkaline activation method with application
Ground granulated blast- orientation for plastering works. The mortar samples were designed with a target compressive strength
furnace slag value of at least 10 MPa at 28 days using different mass ratios of GGBFS/FA (70/30, 50/50, and 30/70)
Alkaline activation method and various concentrations of NaOH solution (6M, 8M, 10M, and 12M). A mixture of NaOH and Na,SiO,

solutions was used as an alkaline solution. Characteristics of the mortar samples were assessed including
compressive strength, water absorption, drying shrinkage, ultrasonic pulse velocity, and microstructure
analysis. A comparison between the properties of the alkali-activated mortar and the traditional cement
mortar was performed in this study. Experimental results show that the mortar samples produced using 50
% FA + 50 % GGBFS that activated by the Na,SiO; + NaOH 10M exhibited the most suitable engineering
properties among the mixtures according to TCVN 4314:2003. Further, the results of the study demonstrate
great potential in producing alkali-activated construction mortar using FA and GGBFS, which can
completely replace traditional cement mortar in construction activities, contributing to both saving natural

resources and limiting environmental pollution.

1. GiGi thiéu dyng cong trinh, vat liéu xay dung (VLXD), kién triic va quy hoach
xiy dung, phét trién d6 thi va nha &, v.v. Nhu ciu xiy dung trong

Trong nhitng nim gin day, nganh xay dung di c6 nhiéu budc nuée ciing dang rt 16n, doi héi mét lwgng 16n tiwong @ng ctia cac loai

tién dang ké theo huéng hién dai & hdu hét cac linh vie nhu, xiy VLXD. biéu nay din dén viéc khan hiém ngudn VLXD trén thi trudng,
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dic biét 12 cac loai vat liéu c6 ngudn gbe tw nhién. Pang ké 1a luwgng
xi ming tiéu thu ngay cang 16n lam ting hiéu wng nha kinh va bau
khéng khi ngay cang 6 nhiém trim trong [1]. Thém vao d6, viing déng
bing séng Citu Long (PBSCL) 13 mét trong nhitng khu vuc dang cé
lwong chit thai rit 16n tif cdc nha may nhiét dién (nhu tro bay) so véi
cac khu viee khéc trong ca nuwde [2]. Chinh vi thé, viéc tim ra cac giai
phép dé giai quyét cac vAn d& néu trén mét cich cé hidu qua va bén
vitng 1a rit bic thiét.

Bén canh d6, theo béo c4o clia Trong Duy Nghia [3], tng nhu
ciu than cho san xuit dién ctia ca nwde nim 2020 1a khoang 63 triéu
tAn, nim 2025 sé 13 95,4 triéu tAn va dén nim 2030 sé 1 128,4 triéu
tAn, twong ng v6i téng lgng tro thai ra 13 15,09 triéu tAn (nim
2020), 17 triéu tAn (nim 2025) va 20,58 triéu tdn (nim 2030). Vi vay,
theo quyét dinh s6 452/QP-TT ctia Thil tuéng Chinh phu [4] thi tro
bay phit hop v6i quy chuén qudc gia QCVN 16:2019/BXD [5] duoc
coi 12 san phim hang héa VLXD. Bén canh d6, TCVN 11586:2016 [6]
ciing da quy dinh chi tiét v& xi hat 16 cao nghién min diing cho bé
tong va vita. Nhut véy, ¢6 thé xem tro bay va xi 10 cao 12 nhitng ngudn
vat liéu tiém ning c6 thé sw dung duoc trong cac hoat dong xay dung.
Trén thé gi6i, ¢4 c6 nhidu nghién ctu vé st dung phwong phap kidm
hoat héa dé san xuét vita xay dyng va nhidu loai VLXD khdc, trong d6
st dung nhiéu loai dung dich kiém khéc nhau dé kich hoat phan ting
cho nhidu loai vat liéu tit nhidu nguén khéc nhau [7 - 10]. Riéng &
Viét Nam, ciing d3 ¢6 mét vai nghién cttu vé& sit dung phuong phap
kiém hoat héa hén hop tro bay va xi 16 cao két hop véi mot sb loai
vét liu khac dé ché tao nhidu dang VLXD khac nhau nhv vita, bé
tong, gach khéng nung, v.v. [11 — 14]. Téng Tén Kién [11] da nghién
citu kha ning tin dung cat tai ché tit phé thai bé tong xi ming két
hop v6i chit két dinh kiém ti¥ tro bay va xi 160 cao dé ché tao vita xay
dung khéng stt dung xi ming. Két qua cho thiy cac hdn hop vita chita
xi 10 cao ¢6 cwdng d6 28 ngay cao hon 2 dén 3 14n so vdi vita sit dung
tro bay. T4c gia ciing khing dinh ring hoan toan c6 thé ché tao duoc
céc loai vita xay dung tif hén hop cét tai ché va céc loai vt liéu thay
thé xi miang tit phé thai c6ng nghiép ma khong can sit dung thém xi
mang Poécling. Loai vita ndy hoan toan c6 thé thay thé vita truyén
théng diing trong x4y dung. Bén canh d6, Phan Ditc Hing va Lé Anh
Tuén [12] d4 ché tao thianh cong bé tong geopolymer dat gia tri
cwdng d6 chiu nén & khoang 26 dén 38 MPa, hoat héa tit tro bay bang
dung dich kiém gém NaOH va Na,SiO;. Ngoai ra, cac tac gia ciing cho
biét viéc bd sung thém khoang 0,5 % soi polypropylene gitp gia ting
cuwdng d6 va mé dun dan hdi cta bé téng. Trinh Ngoc Duy [13] di
nghién ctu tinh chit co Iy cta vita geopolymer dé ché tao gach nhe.
Anh huéng cia cic ty 1é cat/tro bay, ty 16 dung dich kidm hoat
héa/tro bay, ty 1& dung dich Na,SiO,/NaOH va ham lvgng thé tich hat
x6p polystyrene dén cudng d6 chiu nén va khéi lwgng thé tich ciia

vita geopolymer va gach nhe di dwgc tic gia nghién cttu. Két qua
thyc nghiém cho thiy loai vita geopolymer nay c¢é thé dat cuwong do
nén cao nhit khoang 8 MPa va khéi lwgng thé tich nhé nhit khoang
970 kg/m®. Ty 1é cat/tro bay trong cip phdi ting 1am ting cuwdng do
chiu nén va khéi Iwgng thé tich ctia vita geopolymer. Ty 1é dung dich
kiém hoat héa/tro bay bing 0,6 cho két qua tét hon, trong dé, ty 1&
dung dich Na,SiO,/NaOH bing 2,5 tao d6 dic chic hon cho vita
geopolymer nén khéi luwgng thé tich va cudng do chiu nén cao. Ngoii
ra, ham lwong hat x8p polystyren st dung anh hwéng ding ké dén
cwdng dd chiu nén va khéi lwgng thé tich ctia vita geopolymer. Gach
nhe st dung hat x6p polystyren c6 thé st dung lam gach xay tudng
bao che bén ngoai v&i wu diém nbi trdi vé tinh nhe, khéi Iugng thé
tich dwdi 1300 kg/m?® va cudng do nén trung binh 14 5 MPa. Hon nita,
Téng Tén Kién va cong su [14] da nghién cttu ché tao vita xdy dung
va gach xiy khong nung sit dung chit két dinh kidém hoat héa tro bay
va xi 16 cao. Két qua nghién cttu cho thdy chit lvong clia cac miu vita
va gach khéng nung kiém hoat héa tuong duong véi chit lwong ciia
loai vita va gach st dung xi ming Poécling truyén théng.

Tir két qua clia cac nghién cdu trude, c6 thé thy duoc tiém
ning st dung lwgng tro bay va xi 10 cao trong san xuét cht két dinh
thay thé xi ming & Viét Nam 1a rit 16n. V&i ngudn nguyén liéu doi
dao va nhu clu st dung 16, viée san xuét vita xay dyng tit hai ngudn
chét thai, phu phidm nay khéng nhitng thic diy nén kinh té nuwéc ta
phét trién, ma con déng gép mét phin quan trong trong viéc bao vé
méi trudng. Tuy vy, thuc té cho thiy viéc nghién cttu sit dung ngudn
tro bay va xi 10 cao trong nuGc dé san xudt VLXD néi chung va vita
x4y dung ndi riéng con han ché, nhét 13 ¢ng dung phuwong phép kiém
hoat héa. Chinh vi vdy, nghién ctu tin dung ngudn tro bay (tif nha
méy nhiét dién Duyén Hai, Tra Vinh) va xi 16 cao nghién min (tif cic
nha méy luyén kim thudc tip doan Hoa Phat, Hung Yén) trong ché tao
vita xdy dung bing phuong phép kidm hoat héa (st dung dung dich
kiém gdbm NaOH va Na,Si0.) véi dinh huwéng ting dung cho hoat dong
x4y t6 hoan thién céng trinh 12 cin thiét. Theo d6, cdc miu vita dugce
thiét ké véi méc yéu ciu téi thiéu M10. Anh hwdng ctia cic ti 1& xi 16
cao/tro bay (theo khéi lgng) va cdc ndng dé khac nhau cta dung
dich NaOH. Cac dic tinh k§ thuat cia cdc miu vita duge danh gid
gSm, cuong d6 chiu nén, 6 hit nude, do co kho, tbe do truyén séng
siéu Am qua mAu va phan tich dic diém vi cAu tric vita trén co s¢ dbi

sanh v&i cac tinh chét twong ng ctia mAu vita xi ming thong thuong.

2. Vat liéu va phuong phap thi nghiém
2.1 .Vét liéu va cdp phdi

Trong nghién ctu nay, xi mang (loai PCB40 cua cong ty xi

mang Insee), tro bay (loai F cia nha méy nhiét dién Duyén Hai) va xi
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16 cao nghién min (loai S95 ctia tip doan Hoa Phat) dugc ding nhw
thanh phan chit két dinh. Khéi lwong riéng va thanh phin héa hoc
chinh cta ba loai véat liéu nay dugc trinh bay & Bang 1. Bén canh d6,
cat séng ty nhién (khéi lugng riéng 2,69 g/cm?, d6 hit nuée 1,12 %
va mé dun d6 16n 1,47) duge ding nhu thanh phin cbt liéu nho trong

cap phéi vita.

Bang 1.
Khéi lvgng riéng va thanh phin héa hoc ctia xi ming, tro bay va xi 1o
cao.

. Khéi lvong | Thanh phin héa hoc (% theo khéi lvgng)
vat liéu

riéng (g/cm®)| SiO, | Fe,0; | Al,O; | CaO | MgO | Khéc
Xi mang 2,84 23,5 3,7 6,0 59,9 2,0 5,0
Tro bay 2,14 59,2 6,1 26,7 1,1 0,9 6,1
Xi 10 cao 2,85 359| 0,3 13,0 | 38,1 8,0 4,7

Bang 2.
Céc tinh chét cta dung dich kiém hoat héa va phu gia siéu déo.
. Trong luong .
vat liéu . Ghi chad
riéng (g/cm®)
Ty pha ché theo ndng d6 mong mudn tir
NaOH 1,22 . s . L%
NaOH ran dang vay, do tinh khiet 98 %
Mua thiong phdm (ham lwong SiO, =
Na,SiO, 1,38 &P ong S
25,72 %, Na,0 = 8,63 %)
Phu gia 115 Gbc polycarboxylate, loai G, mua thuong
siéu déo ’ phim (dang dung dich, ¢6 6 pH = 5)
Bang 3.
Chp phéi vat liéu ding dé ché tao miu vita xdy dung khong xi ming.
o Thanh phin vat liéu (don vi: kg)
Ki hiéu
£ A | Xilo Tro Cat | Phu gia
cap phoi NaOH | Na,SiO;| Nude | el
cao bay song |siéu déo
S3F7N10| 1094 | 255,3 | 88,2 | 550 | 2068 [1433,1| 8,0
SSFSN10 | 1899 | 182,2 | 88,1 | 54,9 | 206,6 [1431,8| 8,0
S7F3N10| 5510| 107,6 | 86,7 | 54,1 | 203,3 [1409,0| 8,0
SSFSNG | 180,8 | 180,8 | 87,5 | 54,5 | 2051 [1421,1| 7,9
SSFSN8 | 1822 | 1822 | 88,1 | 54,9 | 206,6 [1431,8| 8,0
SSFSN14| 18991 182,2 | 88,1 | 54,9 | 206,6 [1431,8| 8,0
C100 Xi méng = 467,3 373,8 |1224,3 6,8

Nghién cttu nay st dung hén hgp dung dich NaOH va Na,SiO,
(v6i cac tinh chét nhu trinh bay & Bang 2) lam dung dich kidém hoat
héa. Dung dich kim hoat héa duge dic tring béi modun kiém va ham
lwong kidém trong chit két dinh dwoc goi 14 ham lwong kiém twong
dwong. Trong d6, médun kiém (Ms) = ti 1& mole ctia SiO,/Na,O va ham
lwong kiém twong dwong (AE) = ti 1é khéi lwong cta Na,O/téng khéi
lugng tro bay va xi 10 cao st dung. Ngoai ra, ty 1& nudce/(tro bay va xi 1o
cao) duoc ding dé didu chinh ndng d6 ctia dung dich kiém hoat héa.
Luu ¥ ring, lwgng nuée duge st dung sé bao gdm ca lugng nude tron
va ligng nude c6 sin trong dung dich NaOH va Na,SiO,. Ham luong
cat tv nhién duoc xac dinh dva trén co s¢ tham khao dinh mitc nha
nutde cho loai vita xay t6 mac M10 va didu chinh cho phit hop véi loai
vt liéu s dung trong nghién citu. Theo d6, ty 1& cat/(tro bay va xi 10
cao) 14 3,93. Ngoai ra, ham lwong phu gia siéu déo ciing dugc diéu
chinh dé dam bao hén hop vita twoi c6 do chay xoe trong khoang khéng
ché 12 170 + 5 mm dé cho vita ¢6 kha ning lam viéc tét va c6 thé d&
dang so sanh, danh gi4 cac tinh chit k§j thuit gitta cac cip phdi vita v6i
nhau. Két qua tinh toan thanh phan cip phdi vt liéu cho mbi mét khéi
vita duoc trinh bay chi tiét & Bang 3.

Giai thich ky hiéu cip phdi: Hai ki tu diu (S3, S5, S7) twong
#ng v&i ham lwgng xi 16 cao 12 30 %, 50 % va 70 % so v&i tong khéi
lwong (tro bay + xi 10 cao); Hai ki tu tiép theo (F3, F5, F7) twong tng
v6i ham lwgng tro bay 1a 30 %, 50 % va 70 % so v&i tdng khéi lwong
(tro bay + xi 10 cao); Cac ki ty con lai (N6, N8, N10, N14) twong ing
v6i nbéng d6 NaOH sit dung & 6M, 8M, 10M va 14M; Riéng C100 la
cAp phéi st dung 100 % xi ming (1am cAp phdi dbi chiing).

2.2. Phuong phdp thi nghiém
2.2.1. Chudn bi mdu thi nghiém

BwGc 1: Cac chét két dinh sau khi can theo cAp phdi dd dinh
trede sé duwgce tréon kho trong mdy tron khoang 1 phiit, sau d6 ti ti?
cho hén hop dung dich kidm (gébm NaOH va Na,SiO; di duge tron déu
v6éi nhau trude) vao mdy tron. Tiép tuc tron & téc do vira trong
khoang thoi gian 3 phit.

Buéc 2: Cho toan bd ligng cat vao may tron, dong thoi tit ti
cho hén hop nudc va phu gia siéu déo (dd duoc tron ddu véi nhau
trieée) vao may tron déu trong khoang 2 phit dén khi thu dugce hdn
hop vita déng nhét.

Buéc 3: R6t hdén hop vita ddng nhit vao khudn v&i cac hinh
dang va kich thuée khac nhau d& chudn bi mau cho céc thi nghiém
khac nhau. Cu thé 13, miu lang tru c6 kich thudce (40 x 40 x 160)
mm duge ché tao cho thi nghiém xac dinh cwdng d6 chiu nén, miu
lap phuong (50 X 50 x 50) mm duge ché tao cho thi nghiém xac
dinh d6 hit nuéc, mau ling tru cé kich thude (25 x 25 X 285) mm
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duge ché tao cho thi nghiém xac dinh d¢ co khé va miu tru duong
kinh 100 mm, chidu cao 200 mm dugc ché tao cho thi nghiém xac
dinh tc d6 truyén séng siéu 4m qua miu.

Buéc 4: Cic miu sau khi duge cho vao khuén thi duge dit &
trong phong thi nghiém, sau 24 gi® thi tién hanh thdo khuon va bao
dwéng cac miu & didu kién phong thi nghiém cho dén tudi thi nghiém
theo ké hoach.

2.2.2. Phuong phdp thi nghiém

Cudng d6 chiu nén va d6 co khd ctia cdc miu vita dugce xéac
dinh & céc ngay tudi 1, 3, 7, 14 va 28 theo chi din ctia TCVN 3121-
11:2003 [15] va TCVN 8824:2011 [16] twong Ging. Bén canh d6, cac
gia tri v& d6 hut nudc va tde d6 truyén séng siéu 4m qua miu dugc
ghi nhin & cac miu 28 ngiy tudi theo chi din ctia TCVN 3121-
18:2003 [17] va TCVN 9357:2012 [18] tuwong (ng. Ngoai ra, hinh anh
vi cAu triic ctia cdc miu vita & 28 ngly ciing duoc quan sat dudi kinh
hién vi dién ti¥ quét (SEM).

3. Két qua nghién ctiu
3.1. Cuong do chiu nén

Céc mAu vita SSF5N6, SSF5N8 va S3F7N10 c¢6 su phdt trién
cudng do theo thdi gian bao dwdng hdu nhuw khong déng ké (Hinh 1).
Do d6, két qua x4c dinh cwong dd chiu nén ctia cic mau vita niy sé
khéng trinh bay & dy. Su phét trién cudng d6 chiu nén clia cic miu
vita con lai trong nghién cfu nay da dugc xac dinh va trinh bay &
Hinh 2.

(a) S5F5N6 (b) SSF5N8 (c) S3F7N10

Hinh 1. C4c mAu vita hdu nhu khéng phat trién cuong do.
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Hinh 2. Sy phat trién cwdng d6 chiu nén ctia cic miu vira.

Nhin chung, gi4 tri cwdng dd chiu nén ctia cdc miu vita ting
lién tuc theo thoi gian bao dudng. Dic biét, gid tri cwong dd chiu nén
tang kha nhanh trong ba ngay diu sau khi ché tao méu, cwdng d6 vin
tiép tuc phét trién & cac ngay tiép theo nhung véi tbe d6 ting cham
hon. & 28 ngay tudi, cic gia tri clia cuwdng do chiu nén cla cic cip
phdi S5F5N10, S7F3N10, S5F5N14 va C100 1an lwot 1a 15,31 MPa,
20,11 MPa, 16,12 MPa va 13,26 MPa. Nhu viy, cic cip phéi vita kiém
hoat héa déu c6 gia tri cvong d6 chiu nén cao hon so v6i cuong do
cia mau vita chi st dung xi ming. Trong d6, miu vita S7F3N10 duge
ché tao tit 70 % xi 10 cao va 30 % tro bay v&i ndng dd NaOH 1a 10M
6 gia tri cwdng d6 chiu nén cao nhit so v&i cac miu vita khéc trong
nghién cttu. Nhv véy, ¢6 thé thdy ring khi ting ham lugng xi 1d cao
(gidm ham luwgng tro bay tuwong ng) thi cwong d6 chiu nén ciling
tang. Hién twong ndy c6 thé giai thich 12 do xi 1 cao chita thanh phin
CaO va Si0, twong dbi cao (xem & Bang 1), do d6 khi ting ham lugng
xi 16 cao thi ham lwgng CaO va SiO, trong cip phéi ciing ting cao
twong @ng. Khi d6, thanh phin CaO va SiO, vd dinh hinh trong xi 1o
cao sé hoa tan t6t trong méi triwding 6 kich thich kidm, thiic ddy cac
phan @ng héa hoc dé hinh thanh cic tinh thé gel C-S-H, gép phan lam
ting cudng d6 ctia cic mau vita [19]. Ngoai ra, khi ham lwong xi 1o
cao tham gia trong phan ®ng tao ra mét lvgng gel C-S-H 16n bao
quanh cac hat bt liéu dé gén két chiing v&i nhau 1am cho thé tich 15
réng ctia hdn hop giam xudng, ciu tric miu trd nén dic chic hon
(xem Hinh 8), chinh didu nay di lam ting vuot troi cudng do chiu
nén ctia mau S7F3N10 so v&i cic miu con lai [20]. Mot nguyén nhan
khac 1a kich thuwéc hat caa xi 10 cao min hon so v§i céc loai vét liéu
khac trong hdn hop nén dién tich bé mit 16n va kha ning thdm hit
dung dich kiém hoat héa nhiéu hon, mtc d6 tham gia phan tng héa
hoc ciing sé& cao hon so v&i tro bay [21]. Hon nita, khi thanh phan hat
min thi kha ning len 16i vao c6t liéu gitp 18p diy cac 16 rdng va len
chit va cbt liéu ciing tét hon, giip miu vita tr& nén dic chic hon
[22]. Mac khdc, khi git nguyén ham lwgng xi 10 cao va tro bay, chi
ting ndng d6 NaOH tit 10M & cép phdi S5F5N10 1én 14M & cép phéi
S5F5N14 thi cuong d6 chiu nén cling c6 xu huéng ting. Nhu vay,
ting ndéng d6 dung dich NaOH ciing gép phin cho tich cuc phan tGng
tao gel C-S-H, lam cho cAu tric miu dac chic hon [23, 24]. Tuy
nhién, khi so sanh giita cAp phéi SSF5N14 v6i cip phéi S7F3N10 ta
thdy miu S5F5N14 c6 cuwdng dd chiu nén thip hon miu S7F3N10.
Piéu nay chiing té viéc phdi trén thanh phin chét két dinh mét cach
hop 1y s& gép phin ting cuong d6 va mang lai hiéu qua kinh té khi st
dung it NaOH va tiéu thu nhiéu Iwgng phu phim tro xi. Trong nghién
cttu nay, miu S5F5N10 dwgce xem 13 miu phit hop cho san xuét vita
xdy dung. Cip phdi nay cho két qua cwdng d6 chiu nén & 28 ngay dat
15,31 MPa, dat yéu ciu thiét ké vita x4y dung v6i mac tbi thiéu M10
theo tiéu chudn TCVN 4314:2003 [25].
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3.2. b0 hit nuée

Trong qué trinh thic hién thi nghiém nhéan thdy cic miu vita
S3F7N10, S5F5N6 va S5F5N8 ¢6 cudng d6 hau nhu khéng phat trién
va cdc mAu nay bi v& ra khi ngdm trong nwéc (Hinh 3), nén két qua
xac dinh d6 hit nuée cho cac miu nay khong dugc trinh bay & day.
Do hiit nude ctia cdc mau vita con lai trong nghién ctu dige xac dinh
va trinh bay trong Hinh 4.

Hinh 3. Cac miu vita S3F7N10, SSF5N6 va SSF5N8 bi v& khi ngam
trong nudec.
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Hinh 4. D5 hiit nuéc clia cic miu vita & 28 ngay.

Péi v6i cac mau vita ¢6 ciing ham lwong tro bay 50 % va xi 16
cao 50 %, khi ting ndng d6 NaOH thi dd hit niéc c6 xu hudng giam
nhe. Cu thé 13, miu vita S5F5N10 c6 d6 hit nudce 1a 16,7 %. Gid tri
nay giam nhe xubng con 16,1 % & cAp phbi S5F5N14. Két qua nay c¢6
thé 13 do mtic 6 tham gia phan ting héa hoc ciing nhu téc d6 cta cac
phan @ng nay dién ra t6t hon trong méi trudng kiém c6 ndng do cao
hon, din dén két qua tao ra cac san phidm sau phan @ng nhidu hon
(chti yéu 12 gel C-S-H), gitip cAu triic miu vita tr& nén dic chic hon va
tlt d6 giam kha ning hit nuée [23, 26]. Dbi v&i cic mAu vita st dung
cling ndng d6 NaOH 13 10M, miu vita chita ham lwong xi 16 cao nhiéu

hon s& ¢6 6 hit nwée thip hon. Cu thé 13 & mAu S7F3N10 thi d6 hit
nuwée ghi nhan dugc 13 14,4 %, thip hon nhidu so véi miu S5FSN10
(16,7 %). Nhu da trinh bay & trén, hién twgng giam kha nidng hit
nude ctia miu vita khi ting ham lugng xi 16 cao 14 do su gia ting ham
lwgng CaO va ting lgng san phdm sau phan tng (gel C-S-H) [19, 20]
cling nhu ting mitc d6 phan @¢ng va hiéu @ng lén chit [21, 22] gitp
mau tré nén chic chic hon véi it 16 réng hon (xem Hinh 8) va tit d6
d6 hit nuwée ciing thip hon. Két qua thi nghiém con cho théy tit ca
cac miu vita duge ché tao bing phwvong phap kidm hoat héa dé c6 gia
tri d6 hit nuée thap hon so véi miu dbi chitng €100 (17,2 %).

3.3. b6 co kho

Sy thay dbi chiu dai cic miu vita & 28 ngay tudi dugce ghi
nhén va trinh bay & Hinh 5. V§i cing ham lwgng tro bay 50 % va xi 10
cao 50 %, mifc d6 thay dbi chidu dai ctia mAu vita st dung NaOH 14M
(S5F5N14) va NaOH 10M (S5F5N10) & 28 ngay tudi lan luot 1a -
0,164 % va - 0,174 %. Bén canh d6, gia tri thay ddi chiéu dai dugce ghi
nhan & miu chia it xi 10 cao (S5F5N10) va & miu chita nhidu xi 1o
cao (S7F3N10) 1an lwot 14 -0,174 % va -0,140 %. Nhu dé cép & trén,
tro bay c6 thanh phan hat 16n hon so véi xi méng va xi 16 cao nén khi
ting ham lwong tro bay trong hén hop thi hiéu tGng Ién chit khong
phét huy d4ng k& Thém vio d6, mic d6 tham gia phan ¢ng héa hoc
clia tro bay ciing han ché hon so véi xi 16 cao [21]. Nhv vy, mau
chita nhidu tro bay ¢6 cu tric 16 rdng nhidu hon so v&i mau chita
nhiéu xi 10 cao (diéu nay dugce chitng minh & Hinh 8), din dén kha
ning co kho ctia cic miu vita chita nhidu tro bay ciing c6 xu huéng
cao hon so v&i cac mau vita chita nhidu xi 16 cao [27]. So v&i mau dbi
chitng C100 c6 dd co khé ghi nhan duogc 14 -0,309 % thi cic mau vita
khéng st dung xi ming c6 mitc d6 thay ddi chidu dai nho hon déng
ké. C6 thé giai thich hién twong ndy 1a do phan ¢ng kidm hoat héa
hén hop tro bay va xi 16 cao it sinh nhiét hon so v&i phan Gng thiy
héa ctia xi méng 1am cho cic mau vita khéng xi ming ¢6 do bién dang
thé tich thp va it co khé hon [28].
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Hinh 5. D6 co kho cta cic mau vita quan sat dén 28 ngay.
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3.4. T6c d6 truyén séng siéu Am qua miu

Téc d6 truyén séng siéu 4m qua cic miu vita & 28 ngay tubi
dvoc ghi nhan va trinh bay & Hinh 6. Téc d6 truyén séng siéu 4m qua
méiu ting khi ting ham lvgng xi 16 cao, gi4 tri dugc ghi nhan tit 2749
m/s (miu diing 50 % xi 16 cao) ting 1én 3142 m/s (mAu diing 70 % xi
16 cao). Mit khéac, v&i 2 miu cé ciing ham Ivgng tro bay va xi 16 cao,
gia tri van téc truyén séng siéu 4m qua miu ding NaOH 14M
(S5F5N14) ting 6,07 % so v&i mau ding NaOH 10M (S5F5N10). Két
qua thi nghiém cho thiy ring tc d6 truyén séng siéu 4m qua cic mau
vita khéng st dung xi ming lin lwot cao hon 21,19 % (miu
S5F5N10), 24,26 % (miu S5F5N14) va 30,59 % (mAu S7F3N10) so
v&i miu dbi chitng C100 (chi 2406 m/s). Tbc dé truyén séng siéu am
qua cac mAu vita khong sit dung xi ming cao hon déng ké so v6i miu
dbi chitng chitng t6 cic miu vita khéng xi ming c6 d6 ddng nhit cao
va dic chéc hon. Gia trj téc d6 truyén séng siéu 4m qua mAu ciing phii
hop véi két qua xdc dinh d6 hit nwée (Hinh 4) va cuong do chiu nén
(Hinh 2) ctia cic miu vita. C6 thé nhan dinh ring, miu vita c6 do dic
chic va d6 dbng nhit cao thuong sé c6 it 16 réng nén d6 hit nuée sé
thdp va dwong nhién cudng d6 chiu nén ciing sé cao, nhu vay téc do
truyén séng siéu 4m qua mAu ciing sé cao twong ng. Méi ttong quan
gitta téc d6 truyén séng siéu 4m va cudng do chiu nén cia cic miu
vita & 28 ngay tudi (Hinh 7) cling thé hién ré nhan dinh nay. Két qua
& Hinh 6 cho théy gi tri téc d6 truyén séng siéu 4m qua bén miu vita
d8u nim trong khoang 2000 m/s dén 3000 m/s (riéng cip phéi
S7F3N10 c6 gié tri téc d6 truyén séng siéu 4m 16n hon 3000 m/s mot
chiit), nén cac loai vita kidm hoat héa dugce ché tao trong nghién ctu
nay duoc xép loai vita ¢6 chit lvong thip theo phén loai ctia Hassiba
va cong su [29]. Két qua nay ciing phit hop v6i vita mac thip (= 10
MPa) duge thiét ké cho muc dich x4y t6 hoan thién théng thudng.
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Hinh 7. Méi twong quan giita tc d6 truyén séng siéu 4m va cuong do

chiu nén ctia cic miu vita & 28 ngay tudi.
3.5. Phan tich vi cAu triic

Hinh anh SEM ctla cAc miu vita & 28 ngay tudi duge trinh bay
& Hinh 8. Tit hinh anh nay ciing ¢6 thé du do4n mifc dd phan tng héa
hoc dién ra trong céc mau vita duge ché tao v&i cdc ham lvgng khac
nhau ctia xi 16 cao va cdc ndng d6 khéic nhau ctia dung dich NaOH
dugce sit dung. C6 thé thiy ring, miu vita sit dung dung dich NaOH
10M két hop véi Na,SiO, 1am dung dich kiém hoat héa hén hop 70 %
xi 16 cao va 30 % tro bay (mAu S7F3N10, Hinh 8b) c6 chu tric dac
chic nhét so v6i cdc mAu con lai. Quan sit nay ciing hoan toan phii
hop véi két qua thi nghiém vé cuong do chiu nén, do hat nude va do
co khé ctia miu vita nhu da trinh bay & céc phin trén. Tit két qua nay
¢6 thé nhan dinh réng, céc tinh chét ky thuat va vi cAu trdc cta cac
mAu vita duge cai thién ddng ké khi ting ham lugng xi 10 cao trong
cAp phéi hoic ting ndng d6 dung dich kiém hoat héa. Trong d6, ting
ham lugng xi 10 cao c6 tac dung r6 rét hon va mang lai hiéu qua hon
vé mit kinh té v méi trudng khi ham lwgng tro xi duge tan dung
nhiéu hon va lwong héa chét duvoc st dung it hon.

- T
Meg= 1SDKX '

(a) S5F5N10

R TR Mg 150KX ‘TR

(c) SSF5N14 (d) C100
Hinh 8. Hinh anh SEM ciia cic mAu vita 28 ngay tudi & cing do
phéng dai x 1500.
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4, Két luan

Nghién cttu tdn dung ngudn tro bay va xi 10 cao nghién min tit
cdc nha may nhiét dién va luyén kim & Viét Nam trong ché tao vita
x4y ding bing phwong phép kiém hoat héa véi dinh hudng ting dung
cho hoat déng xay t6 hoan thién cong trinh da dugc thuc hién. Dua
trén két qua thi nghiém thu dugc, c6 thé dwa ra mot s6 két luan chu
yéu nhv sau:

M4iu vita kiém hoat héa khong xi ming c6 cuong d6 chiu nén &
28 ngay dao dong tit 15,31 MPa dén 20,11 MPa, cao hon cp phéi dbi
chting stt dung 100 % xi ming (chi 13,26 MPa). Cic miu vita st dung
70 % tro bay va cdc mau vita duwgc hoat héa bing dung dich kiém c6
st dung NaOH & ndng d6 6M dén 8M hiu nhuv khong phat trién
cuwdng db trong subt qua trinh bao duwdng.

Viéc ting ham lwong xi 10 cao hay ting ndng d6 dung dich
NaOH trong cip phéi lam giam dé hit nwéc, giam d6 co kho va ting
tbc d6 truyén séng siéu 4m qua cdc miu vita. P6 hit nuée, miéc do
thay dbi chidu dai va tbc d6 truyén séng siéu 4m clia cic miu vita
kidém hoat héa & 28 ngay tudi dao dong twong tGing & cac khoang 14,4
% dén 16,7 %, - 0,140 % — - 0,174 % va 2749 — 3142 m/s. Trong d6,
mau vita S7F3N10 c6 gia tri do hit nudce va miic d6 thay dbi chiéu
dai thép nhét, trong khi gia tri tbc d6 truyén séng siéu 4m 14 cao nhit
trong sb cdc cip phdi vita, vitot trdi hon cad mau vita xi ming d6i
ching.

Trong s6 cidc miu vita kiém hoat héa duogc chuén bi trong
nghién ctu nay thi mau S5F5N10 c6 cudng db chiu nén 15,31 MPa,
thoa man yéu ciu vé cudng do thiét ké (= 10 MPa & 28 ngay) va sl
dung ham Iwgng tro bay cao dén 50 %. Cac tinh chit ky thuat khac
ctia cip phdi nay ciing phit hop cho dinh huéng ting dung trong hoat
dong x4y t6 hoan thién cong trinh. Hinh anh SEM ciing cho thdy miu
nay c6 ciu tric dic chic hon. Do d6, ddy dugc xem 1a cAp phédi phit
hop dé san xuét va @ng dung trong thuc té.

Quan sét cdc biéu hién ctia miu vita & cac do tudi dai ngay hon
cin dugc thire hién trong céc nghién ctu tiép theo dé c6 cai nhin téng
quét hon vé sy phat trién & cdc tinh chit ctia miu vita. Ngoai ra, mot
s6 thi nghiém chuyén sau hon vé phén tich san phdm sau phan ng (vi
du nhv XRD, FTIR, EDS, v.v.) ciing cin duoc thue hién & cic nghién
cttu sau dé ndm rd co ché cha céc phan tGing va c6 thé giai thich chi
tiét vé su phat trién céc dic diém co hoc ctia mau vita kiém hoat héa

khong xi méng.
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