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Tém tat: Trong bai béo, céc tac gia sé trinh bay
nghién ctru thuc nghiém vé phan (ng két hop giira
vat liu phi géc silicat va voi tao thanh sén pham
phu gitp tdng cling, chéng thdm cho bé mat vét liéu
bé-tébng xi-médng. Qui trinh thuc nghiém bao gém
chuén bi hén hop dung dich phd liti silicat sau khi
néu thdy tinh trong phong thi nghiém va tién hanh
ap dung phi 1én bé mat vat liéu bé-tdbng xi-mang.
Co ché phan (ing tao cac sén phém C-S-H trén bé
mét bé-téng; déng thoi déng vai tro lam I6p phu
ctrng duoc lam ré qua cac phép phan tich danh gia
vat lidu. Két qud danh gia tinh chéat I6p phi bao
gbébm: é&nh chup vi céu tric SEM, th d6 cuing
Rockwell, tinh khédng nuéc bé méat cho thdy wu thé
gilp bdo vé bé-tbng chéng lai cac tac déng co-ly
hoa tor méi trirong.

T khoa: |6p phd silicat, phd tdng cing bé-tong,
liti silicat, tinh bén bé-téng xi-méang,

Abstract: In this paper, we studied on the
combination reaction between silicate-based sealier
and hydrate lime as a densifier solution of cement
concrete surface treatement. The process of
experiments include the first step of preperation of

lithium silicate solution in laboratory condition and
the second step of surface coating of concrete
sepicmens. We applied different technique of
material analysis to characterize the reaction
product of coating layer. Obtained results of
hardeness, water absorption and microstructure by
SEM help us confirming positif effect of lithium
silicate coating solution on the global concrete
durability.

Key words: silicate based sealer, concrete

densifier, lithium silicate, concrete durability.
1. Gi¢i thiéu

Nhw ching ta da biét, bé-tdng xi-mang la loai
vat lieu xay dwng nhan tao dwoc dung phd bién
nhét trén thé gidi dé xay dwng cac cong trinh dan
dung, cdng nghiép, giao théng, ha tang... N6 chiu
nwéc kha tét, cwdng doé chiu lwe cao va la vat liéu
dé tao hinh két cdu xay dwng vé&i nhiéu kiéu dang
va dang kich thwéc khac nhau. Mac du vay, ngay ca
v&i cac loai bé-téng chat lwong cao thi trong cau tao
bé-téng van chiva nhiéu cac khuyét tat bao gdbm céc
loai 16 réng hay cac vét ran, nit t& vi trén bé mat va
bén trong cAu trac (hinh 1).
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i Hinh 1. Nt v, pha hoai déi véi vét liéu bé-tdng xi-méang va nguyén nhéan
(ngudn hinh trich ter Report NUREG/CR-7153, ORNL/TM-2011/545;U.S. Nuclear Regulatory Commission)
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Céc khuyét tat nay la nguyén nhan dan dén qua
trinh bé-tdng bi mai mon, &n mon khi tiép xdc véi
moi trwong dm méc, vi khuan, hoa chat gay an mon
cao,... Nhin chung xét vé kich thwéc, cac nirt vé va
réng c6 bé roéng thwdng dao dong tr micromét dén
milimét. Phan 16 rédng chi yéu do nwéc bdc hoi khi
doéng ran va bot khi bi cudn vao trong qua trinh tron
bé-téng. Nhitng n&t v& té vi chd yéu do nguyén
nhan co ngét sinh ra ndi ’ng Ssuat trong qué trinh
hinh thanh va hoan thién vi céu tric. Nhitng tac
dong &n mon tr mdi trwdng cé thé bao gébm céac
phan &ng kiém cbt liéu, &n mon sunphéat, an mon
cbt thép,... T¥ dé nhin chung déu dan dén sy suy
gidm cwong dd va gay anh hwdng xau tryc tiép dén
dd bén cla két ciu bé-téng, vén cé yéu ciu bén
virng theo tudi tho ctia coéng trinh. Nhitng hw héng
nay khéng ngirng phat trién dac biét trong diéu kién
khi hau néng dm & nwéc ta, 1am téng kinh phi duy
tu va stra chiva [1].

Vat lieu pha tdng cing gbc silicat dang dwoc
xem la gidi phap pht méi dung trong xt ly khuyét
tat bé& mat vat liéu bé-tdng xi-mang nham thay thé
cho céc vat liéu pha gbc polime (nhwa epoxy, nhua
PV...) [2]. CO thé thAy st dung chét phl epoxy sau
khi pht 1én bé& mé&t bé-téng tao nén Iép mang kin
che phu vat ly toan bd. Do do, khi hoi &m thoat qua
bé& mat thwong bi ngdn can bdi I6p mang kin nay

lam cho hoi nwéc khong thoat ra ngoai dwoc, dan
dén sau thoi gian I&p epoxy bi rdp, gay bong ra khai
bé mat bé-téng. Trong khi d6 s& dung chéat pha vé
co silicat, vat lieu pht tao lién két véi ciu tric nén
bé-téng nén hoi nwéc van co thé thoat mét chiéu
qua bé mét. N6i cach khac 1a 16p pha bé mat nay
gilp tédng dd bén nhwng van dadm bado duy tri trang
thai thé mét chiéu hoi nwéc tir bén trong bé-téng co
thé thoat ra nhwng & trén mat thi khéng thé xam
nhap xubng va khéng gay hién twong bong troc [3].
Ngoai ra bé mat bé-téng sau phi van duy tri dwoc
mau sé&c ty nhién thay vi ddi sang mau cla nhua
epoxy. Su hinh thanh lién két bé mat bé-téng xi-
mang v&i chat phi gbe silicat cha yéu dua trén co
s& phan (rng hoa hoc véi thanh phan Ca(OH): - san
phdm thdy héa cla xi-mang - tao thanh khoang C-
S-H bén vitng twong tw nhw cac sén pham khoang
canxi silicat hidrat cta qua trinh xi-mang Podc-lang
thdy hoéa doéng rén [4]. Bén canh viéc tao khoang
chinh C-S-H thi theo mét sé cong bb gan day con
cho thay cac phan &ng khac véi cac khoang thay
Iwc cla xi-mang Podc-lang nhw CsA, CsS trong doé
vai tro chét pha silicat chinh 1a tao méi trwéng kiém
phan &ng trao ddi ion xay ra [5-7]. M6t cach téng
quat phan (ng gitka dung dich phd kiém silicat
R20.SiO2 ndi chung - véi R 1a ion kiém Na*, K*, Li*
va Ca(OH): c6 thé viét lai nhw sau [8].

R,0Si0, +xCa(OH), + yH,0 — xCa0.SiO,.zH,0+2ROH + (x +y-z-1)H,O

Trong d6, Ca0.Si02.H20 chinh la khoang phtrc
hydrat méi dwoc bdi dap trén nén bé-tong xi-mang.
Néu vat lieu bé-téng xi-mang vén nhuw phan tich &
trén mang trong minh né nhixng khuyét tat nét ve,
16 réng dwoc bd sung thanh phan khoang C-S-H thi
c6 thé cai thién tinh bén mét cach tw nhién. Trén thi
trwdng hién nay da c6 mot sé sdn phdm thuwong mai
chét phl tdng clirng mét san bé-tdng DECOsII® [9],
Cemkrete tuy nhién chi yéu la cac san pham nhap
ngoai, chi phi cao va hau nhw chwa cé nhirng
nghién ctu cong bd vé ban chat phan (rng héa hoc
nham cé thé thuyét phuc ngudi st dung vé quan hé
chi phi va chét lwong so véi gidi phap théng dung
phl nhwa polime. Trong phan tiép theo, sé trinh bay
nghién ctru thwc nghiém qua trinh nung, téng hop
dung dich vat liéu phu liti silicat va th& nghiém phd
lén bé& mat mau bé-téng trén qui md thi nghiém. Cac
két qua phan tich vat liéu va danh gia tinh chat co-ly
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nhdm gitp dwa ra nhirng két luan hiéu qua trong xt
ly khuyét tat bé mat mau bé-tong.

2. Nguyén liéu va chudn bi dung dich phu
liz0.si02

2.1 Nguyén liéu

Cac nguyén liéu dung dé tao thay tinh liti silicat
bao gdm thanh phan nguyén liéu cung cap hai
thanh phan oxit liti va oxit silic. Theo gidn db pha hé
Li2O-SiO2 thi v& mat ly thuyét ta thdy hop chét
Li2SiOz (liti meta-silicat) néng chay & khoang nhiét
dd 1201°C (ng véi ti 1& thanh phan phéi liéu theo
khéi lwong 67% SiO2 va 33% Li2O (hinh 2). Trong
nghién ctru nay, mudi liti cacbonat déng vai trd cung
cap thanh phan LiO va bét silica chinh 1a thanh
phan SiO.. Muéi liti cacbonat la san phadm héa chat
thwong mai, tuy nhién trén thwc té van cé thé dung
cac dang nguyén liéu ty nhién khac nhu trang thach
liti. Bang 1 trinh bay két qua phan tich thanh phan
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héa cla hai nguyén liéu, va hoan toan phu hop st

dung trong nghién ctru.
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Hinh 2. Gidn dé pha hé Li>O-SiO2 [10]

2.2 Chuén bj dung djch phd Li:0.SiO;

Qui trinh tién hanh chuén bi dung dich pha liti
silicat dwoc tém tat nhw sau: Chuén bi phéi liéu >
nghién min > nAu thdy tinh > Frit héa > Nghién
wét > Héap thdy nhiét > Loc thu san phdm dung
dich phu. Trong d6, thanh phdm thu dwoc bao gdm
ban thanh pham frit sau khi ndu thdy tinh va lam
ngudi nhanh cling nhw dung dich phd sau khi xt ly

Lo nAu thay tinh 1250°C, lwu

nhiét 2gi Ban thanh pham hat frit

thdy nhiét [11] (diéu kién nhiét d6 120°C, ap suét 15
kG/cm?) dé& hoa tan bot thdy tinh dwoc trinh bay
trong hinh 3. Tién hanh mot sb phép phan tich vat
liéu nham danh gia thanh phan ciu tao gébm: phan
tich thanh phan khoang dung phé nhiéu xa tia X
(XRD), phan tich thanh phan lién két dung phé héng
ngoai (FTIR), st dung chét chi thi theo d&i qua trinh
phan tng két hop véi Ca(OH)..

Loc thu dung
dich phu

Nghién wot

Hinh 3. Qua trinh thi nghiém chuén bj dung dich phd liti silicat trong phong thi nghiém

3. Phwong phap thi nghiém Ié&p phu

Phan dé bang vira xi-mang dwoc ching tdi
chuan bi trong phong thi nghiém tlr cap phdi xi-
mang: catnwéc = 1:2:0,5 va dd trong khuoén tru
100x200mm. Sau khi trdi qua qua trinh bao
duéng phat trién cwdng do 28 ngay, cac mau try
viva xi-mang dwoc cat thanh trng mau dia tron
chidu cao 20mm va sdy kho dé chuan bj dung lam
dé pha dung dich liti silicat. Tiép theo d6, phwong
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phap phl quét bang co mém dwoc ap dung mot
cach don gian trén bé mat mau da dwoc lam sach
bui ban. B& m&t mau dia dwoc chia thanh 4 ving
nhw hinh 4-trdi nhdm dé dé dang danh gia, so
sanh gilra cac vung v&i nhau. Tuy theo m&rc dd
thdm th4u clia bé mét sé quyét dinh sé lwong 16p
phi & day dé théng nhat pha 2 1&6p. Hinh 4-phai la
anh chup mau sau khi dung co quét I&p thir 2 sau
khi doi I&6p dau tién kho.
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Hinh 4. Chudn bj phan dé vira xi-méng bé-téng va qui trinh pha 2 16p liti silicat

Phwong phéap thi nghiém danh gia bé mat 16p
phG dwoc chung tdi tién hanh gédm do d6 cing
Rockwell, thi nghiém danh gia kha nang khang
nwdc va phan tich anh vi cdu tric (SEM). Ngoai
phuwong phap phan tich vat liéu SEM thi hai phwong
phap con lai 1 cac thi nghiém phi tiéu chudn. Muc
dich thi nghiém nham dbi sanh gitva trwdng hop bé
mat mau dwoc pha liti silicat va bé mat xi-mang
khéng phu. Trén co s& d6 mot sb thao luan sé duwoc

dé cap trong phan tiép theo day.
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4. Két qua va thao luan

4.1 Két qua phan tich thanh phan vét liéu phu (phé
XRD, phé FTIR)

Hinh 5-trai cho thay phé XRD clGa mau bot thay
tinh liti silicat véi biéu hién khéng cé pick ndi bat
ddng thdi khodng chan pick mé rong, biéu thi cho
trang thai vo dinh hinh cla pha thuy tinh. Thay tinh
néng chay hoan toan sau qua trinh néi dwoc ngudi
nhanh nén ngan can qua trinh két tinh tinh thé trong
ban thanh pham frite. Thwc t& nhirtng hat frit thu
dwoc cd mau sang trong rat bat mat (hinh 3).
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Hinh 5. (tréi) Phé nhiéu xa tia X clia méu bt thiy tinh liti silicat;
(phai) ph6 hong ngoai FTIR cta mau dung djch pha liti silicat

Do dac diém vo dinh hinh nay nén can bd sung
chup phé phan tich FTIR ctia mau dung dich liti
silicat dang 1dng va mau sy khé trong khodng buéc
séng 4000-400 cm™® dé& xem xét cac lien két dac
trwng. Trén hinh 5-phai c6 thé ké dén: & day buwéc
séng mé rong tir 3650-3150 cm™ 1& bidu hién lién
két H-O-H va O-H tw do, cung v&i d6 & bwdc séng
khoang 1647 va 1421 cm’; khoang bwdc séng
1029 cm't biéu hién lién két Si-O-Li; con lién két Si-
O-Si xuét hién & khoang bwdc soéng 457 cm™. Tw
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két qua phan tich FTIR, c6 thé nhan dinh rang dung
dich liti silicat sau qua trinh téng hop cé xuét hién
cac pic dac trweng nhuw Si-O-Li, Si-O-Si, H-O-H. Véi
mau dung dich sau khi siy khd, pic trong khoang
budc song trén 3000 cm bi thu hep lai so v&i mau
trwéc khi sdy, cé thé dwoc giai thich 1a do qua trinh
sdy lam bay hoi nuwéc trong dung dich 1am cho lién
két O-H tw do bi mét dan di. Pick dac truwng lién két
Si-O-Li cla liti silicat sau sdy xuét hién rd nét hon
so v&i mau dung dich.
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4.2 Két qua st dung chat chi thi danh gid phan
trng gitra liti silicat va Ca(OH):

Hinh 6 trinh bay qua trinh thi nghiém theo doi
qua trinh phan (rng cla dung dich phud véi nwéc voi
trong. O buwédc 1, c6 thé thdy trwdc khi hoa tron
dung dich liti silicat v&i Ca(OH)2 thi dung dich
Ca(OH): la chét Idng khéng mau, trong subt. Nhung
sau khi cho trén 1an hai dung dich thi trong becher
bi duc lai, qua quan sat thdy co xuét hién két tda
trdng trong cbc. Két tia trdng nay sau mot thdi gian
thi bi 1dng xuéng day becher. Chung tdi cling lwu y
qui trinh thi nghiém Becher duwoc bit kin bang 16p
mang nhua thwe phdm nhdm ngén chan kha nang
phan (ng cacbonat héa v&i khong khi clia dung

dich Ca(OH).. D& Iam rd hon kha nang phan tng, &
bwdc 2 tiép tuc cho thém nwéc voi trong vao Becher
va lan lvot nhd hai giot phenolphatelin vao méi
Becher. C6 thé thdy mau héng dic trung cla
phenolphatelin khi gdp méi trwong kiém. Tuy nhién
khac
phenolphatelin nhat hon v&i becher chira hén hop

dd dam nhat nhau, trong dé mau
nwdc voi va liti silicat. Theo déi tiép tuc sau d6 30
phat va 3 ngay két quéa cang cho thay suw khac biét
rd rang vé mau sac cla phenolphatelin. Cé thé giai
thich la do qué trinh phan (rng véi liti silicat tao két
tta d3 lam cho tinh kiém gidm dan dén
phenolphatelin nhat mau so v&i trwong hop chi

dung dich Ca(OH)2 & Becher bén canh.

(2) Sau khi nho
phenolphatelin

lithium
silicate

(3) Sau 30 phut nhé
phenolphatelin

=

— .

Ca(OH), voi A | Dung dich

(1) Truec khi nhé lithum silicate Ca(OH),
phenolphatelin I

Ca(OH)v6i = | B Dung dich

lithum silicate Ca(OH),

Ca(OH), voi m&&- )

\o

Ca(OH), + lithium
silicate

(4) Sau 3 ngay nho

phenolphatelin

=

Dung dich

]
!
4' Ca(OH),

Hinh 6. Két qua theo déi qua trinh phan tng gitka dung dich ph liti silicat va Ca(OH)2

4.3 Két qua do dé clrng bé mat

Hinh 7 cho thdy biéu d6 dd clrng bé mat cla
mau vira bé-tdng sau thoi gian pha va bao duéng &
2 va 3 tuan. Do cirng bé mét & cac vung mau duoc
danh gia theo thang do HRB v&i cung tai trong lwc
do. C6 thé dé dang nhan thay d6 clirng clia ving bé-
téng khéng phi & méc 14, 21 ngay déu thap hon so
véi viing da qua pha dung dich liti silicat. Cu thé sau
14 ngay, d6 clrng vung khong phu dat gia tri HRB
59,8+0,9 so v&i vung pha liti silicat dat HRB

Tap chi KHCN Xay dung - s4 1/2020

64,8+1,5 va v&i mau sau 21 ngay, dd clrng ving co
pha liti silicit cao hon so vé&i vung khéng phu
khoang 10 don vi lan lwot dat HRB 75,9+1,6 va
HRB 66,8+1. Qua d6 c6 thé thdy, mau duoc phu
clrng bé mat bang chét pha liti silicat da cai thién do
clirng so v&i mau bé-téng cung loai khéng dwoc xir
ly. Theo thdi gian thi dd clrng bé mét cang tang diéu
nay ciing déng nghia v&i qué trinh phan (rng tao
khoang téng do dac chac ciing nhw d6 cirng bé mat
néi chung.
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Hinh 7. So sénh dé ctng bé mat HRB mau khong pha (t6 dam) va c6 pha liti silicat (ké soc)
sau 2 va 3 tuéan bao dudng

4.4 Két quéa do tinh khdang nwéc bé mat

Thi nghiém danh gia kha nang khang nwéc
dwoc tién hanh don gidn va cé tinh phi tiéu chuan
nhw sau dbi véi mau da qua 14 ngay bao dwéng
sau phd. Hinh 8 thé hién hinh anh giot nwéc trén
bé mat mau sau khi nhé 1én bé mat mau vira bé-
téng khong phd va cé pha liti silicat. C6 thé thay
sau khi nhé giot nwéc 1én bé mat mau bé-téng, &
vung khéng phu giot nwdc viva nhé 1én bé mat da
bi lan ra m& rong dwong kinh va sau d6 nhanh
chéng thdm thau vao dé bén dudi. Ngwoc lai, dbi

v&i bé mat mau bé-téng & vung phd liti silicat, giot
nuédc sau khi nhd 1én bé mat cé hinh dang ban
cau. Cac anh chup tiép theo tiép tuc quan sat giot
nuéc trén bé mat mau & cac méc ¢ng véi thoi
gian 5-15-25-35-65-85-115 phut d& yén mau &
noi tranh cac tac nhan gay anh hwéng dén qua
trinh thAm nhanh cua giot nwéc nhw khéng khi dbi
Iwvu do gid, quat. R6 rang cé hién twgng mé réng
dan dan ban kinh giot nwéc va sau 85 va 115
phut thi giot nwéc gan nhw bi thdm hat hét vao dé
bé-téng.

65 phat

Hinh 8. Thi nghiém theo dbi giot nuwoc trén bé mat méu viva xi-méng bé-tong
& cac moc thoi gian 0-5-15-25-35-65-85-115 phut

Qua d6, cling phan nao nhan thay dbi véi vung
dwoc pha chét liti silicat thi kha nang khang nwéc
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clia bé mat tét hon so v&i vang khéng dwoc pha
théng qua thdi gian thAm cla giot nwéc dwoc kéo
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dai hon. Nguyén nhan do ban chat qua trinh phu
thay tinh tao I&p mang phang va che lap cac 16 réng

cling nhw khuyét tat bé& mat gibng nhw Iép gwong

trén bé mat bé-téng.

4.5 Két qua chup anh vi cau tric bé mat pha (anh SEM)

x40 000 1um

Hinh 9. Anh chup SEM bé mat méu

-a’ng bé-téng khéng phi

(ttr tréi sang phéi d6 phéng dai 40.000 — 20.000 — 10.000 /4n)

x40 000

x20 000

x60 000
C-S-H

x10 000

x30 000

Hinh 10. Anh chup SEM bé mat mau vira xi-mang bé-téng co phd liti silicat )
(ttr trai sang phai, tcr trén xubng du6i: do phong dai 40.000 — 20.000 — 10.000 /an va 60.000 — 30.000 /an)

Lan lwot trén hinh 9,10, co6 thé thdy bé mat cua
viing mau chwa qua phi cé khoang C-S-H dang
thanh xép dan xen vao nhau nhwng mat dé hinh
thanh khoang C-S-H ciling nhu sw sép xép gilra cac
thanh C-S-H van chwa d&c khit, dan dén c6 thé thay
van con ton tai nhiéu 16 xbp trong vi cau tric. Déi
véi bé mét pha liti silicat, b& mat phi c6 mau sam,
lién tuc hon cé thé do hiéu rng gwong cua Iép phi
thay tinh. C6 thé thdy rd hon hinh dang khoang C-
S-H trén bé mat mau sau phd, quan sat anh SEM
bé mat mau & dd phéng dai Ién hon, cu thé & do
phéng dai x60.000 va x30.000 & méc thoi gian 14
ngay. Bén canh dé, dy doan sy cé mat clia khoang
Ca(OH)2 trén nén bé-tdng véi hinh dang tAm luc
giac. O dd phoéng dai x30.000, cé thé thay chat phu
tang cing tao lién két véi bé mat mau tao nén chu
trac day dac hon giup lam gidm va l14p kin 16 x6p co6
trén b& mat.
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5. Két luan
Nhw vay, c6 thé rut ra mot sé két luan sau:

- Phan tich vat liéu pha théng qua phé XRD va
FTIR cho thdy chl yéu pha thly tinh & trang thai vo
dinh hinh, déng thoi c6 céac lién két Si-O-Li, Si-O-Si,
H-O-H dac trwng cla Li20.SiO2 trong dung dich liti
silicat tbng hop;

- Khi trén dung dich Ca(OH)2 v&i dung dich liti
silicat cho thdy xuét hién két tda trdng va chuyén
mau nhat d&n ctia phenolphatelin theo th&i gian;

- D6 clrng clia mau bé-téng sau pha liti silicat
tang so v&i mau khéng pht & méc thei gian 14 va
21 ngay. Diéu d6 cho thdy chat phi giup cai thién
dod cirng bé mat bé-tdng xi-mang va cé xu huéng
tang dan theo thoi gian bdo duéng;
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- Giot nwdc nhd trén bé mat cia mau cao hon so
véi mau khong dwoc phi chat ting clrng cho thay
thoi gian thdm thdu nwéc kéo dai hay kha nang
khang nuwdc cla mau bé-tong sau khi qua x&r ly
bang dung dich liti silicat;

- Anh chup SEM c4u truc b& mat mau khoéng phu
va c6 phu liti silicat cho thdy sw khac biét kha ré, bé
mat mau tré nén day dac hon so v&i mau khdng
ph. L&p pha lién két véi bé mat bé téng hinh thanh
nén nén lién tuc v&i sy c6 mat cia khoang C-S-H
gilp che l4p va gidm cac 16 x6p hinh thanh trong
cu trdc qua dé cai thién do cling va giup tang kha
nang khang nwdc, nhd dé cd tac dung khang an
mon cho vat liéu bé-tdng xi-mang noéi chung.
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