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Tém tit

Gan day, ing dung vat liéu kiém hoat héa xi 10 cao dé thay thé xi ming danh dudc nhiéu sy quan tim clia cic
nha nghién ctu. Tro ba mia —phit sinh trong qua trinh d6t ba mia d€ san xuét dién sinh khéi, hién chua dudgc sit
dung hiéu qua, giy 6 nhiém mdi trudng. Bai bdo ndy trinh by nghién ctiu ting dung tro ba mia dé phat trién vat
liéu kiém hoat héa xi 10 cao. Theo dé, xi 10 cao hat min dudc tron déu véi tro ba mia (sau khi sang qua ray sb
higu #100) theo cdc ty 1& khdi lugng khac nhau (100/0, 90/10, 80/20, 70/30, 60/40) d€ tao ra vat lidu kiém hoat
héa. Dung dich kiém hoat héa dudc tdng hop tif natri hydroxit va thiy tinh 16ng, c6 d6 kiém khac nhau (6%,
8%, 10%). Mau vit liéu kiém hoat héa dudc dudng ho trong khong khi & nhiét d6 phong. Két qua thi nghiém
cho thiy, st dung lugng tro va dung dich hoat héa vé6i d6 kiém hop 1y c6 thé diéu chinh thdi gian ninh két ctia
hdn hgp. Hon hop 90/10 c6 cudng dd cao nhit va do hit nudc nhé nhat. Hon hop 80/20 ¢6 dd co ngét nhd nhit,
giam 1,3-3 1an so v6i mau 100/0.

Tir khod: tro bd mia; vat liéu kiém hoat héa xi 10 cao; thdi gian ninh két; cudng do chiu nén.

SETTING TIME, COMPRESSIVE STRENGTH AND DRYING SHRINKAGE OF AKALI-ACTIVATED
GROUND BLAST FURNACE SLAG-SUGARCANE BAGASSE ASH PASTES

Abstract

In recent years, utilization of alkali-activated slag in place of Portland cement has been received a great attention
of scholars, towards sustainable development. Sugarcane bagasse ash (SBA)-a by product of sugar industries,
generated from combustion of bagasse in boilers for electricity production, has not been used effectively yet,
causing environmental concerns. This paper presents a study on implementation of SBA to develop alkali-
activated slag. Accordingly, SBA after passing through the No.100 sieve was uniformly mixed with ground blast
furnace slag (GBFS) with different mass proportions (100/0, 90/10, 80/20, 70/30, 60/40) to prepared alkali-
activated pastes. Sodium hydroxide and sodium silicate solutions were used to make alkali-based activators with
variations of alkalinity (6%, 8%, 10%). Alkali-activated paste specimens were cured under room-air ambient.
The testing results show that, setting times of the composites could be effectively adjusted by logically varying
SBA dosage and sodium concentration. Mixture 90/10 exhibited the highest compressive strength and the lowest
water absorption. Meanwhile, the mixture 80/20 had the lowest magnitude of shrinkage, which decreased by
1.3-3 times, compared to those of the mixture 100/0.

Keywords: sugrcane bagasse ash; alkali-activated slag; setting time; compressive strength.
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1. Gidi thiéu

Qua trinh san xuAt xi ming gy 6 nhiém nghiém trong moi trudng séng do thai ra nhiéu bui va
phit tan lugng 16n CO; vao khong khi. Trong nhitng nim gan day, vat liéu kiém hoat héa xi 10 cao
nghién min (alkali-activated slag, AAS) — mot loai chét két dinh thé hé méi, dugc st dung thay thé
cho xi ming trong linh vyc xay dung, thu hit dugc sy quan tdm ctia nhiéu nha nghién ctiu vat liéu
xdy dung, nham tao ra vt liéu than thién v6i méi trudng, hudng dén phat trién bén viing [1-3]. AAS
dugc tao bdi qua trinh hoat hoa vt liéu xi 10 cao hoat tinh (ground granulated blast furnace slag) béi
dung dich kiém tinh c6 ndng dd phu hop. Xi 16 cao, mot loai vat liéu alumino-silicate ¢6 chifa thanh
phan silicon, alumina hoat tinh, 12 mot loai san phdm phu ctia qu4 trinh luyén thép, dudc dung rong
rii trong nganh cong nghiép bé tong. Qua trinh hoat héa xi 16 cao v6i dung dich kiém c6 thé xay ra
§ diéu kién nhiét d6 thudng, tao ra calcium-aluminosilicate hydrate (C-A-S-H), thanh phan chii dao
hinh thanh cuting do va va do bén theo thsi gian ctia vat liéu [4]. Nhiéu nghién ciu chi ra ring bé tong
st dung vat liéu kiém hoat héa vt lidu aluminosilicate c¢6 chit lugng tuong duong, thAm chi vugt hon
so v6i bé tong xi ming truyén thdng nhu: cudng do cao, kha ning chdng in mon héa hoc, kha ning
chdng chdy cao, ...[2, 5]. Tuy nhién, tré ngai 16n clia bé tong AAS 1a dong ciing nhanh va co ngét
manh [1, 6, 7]. Ching loai va ndng dd dung dich kiém hoat héa c6 dnh hudng quan trong dén tinh
chét ctia chit két dinh kiém hoat héa xi 10 cao [8]. Trong s nhiéu loai dung dich hoat héa c6 thé sir
dung nhu natri carbonate, natri sulfate, kali hydroxit; su két hop hop 1y gitta natri hydroxit (NaOH) va
thiy tinh 16ng (Na,Si03), dugc thita nhan mang lai hiéu qué cao [1, 4]. P9 kiém (alkalinity, Na,O) va
mo-dun silicate (Si0»/Na,0) 12 hai thong sb cd ban ctia hén hop dung dich chita NaOH va Na,SiO3
[8]. V& miit ly thuyét, dung dich c6 kiém tinh cang cao, su hoa tan ctia khodng aluminosilicate x4y ra
cang nhanh, gidi phéng nhiéu silicate va aluminate.

Cay mia dudng 12 mot trong nhiing cdy trong truyén thdng va phd bién & Viét Nam va mot sb
nuée nhiét d6i khac. Trong qud trinh ép 1dy nudc dudng tif cy mia, mot lugng 16n ba mia dudc tao
ra; va phan 16n ba mia dudc d6t trong cac 10 hdi clia cac nha may dudng. Chit thai ran trong qua trinh
ny la tro ba mia (sugarcane bagasse ash). Theo Bdo céo nganh dudng nam 2020 [9], mdi nim nudc
ta c6 khoang 15 triéu tAn mia nguyén liéu va c6 khoing 40-45% (tuong duong khoang 6,0-6,7 triéu
tAn) ba mia tudi dudc tao ra va khoang 80% trong s6 nay dung dé san xuit dién sinh khoi. Udc tinh
c6 khoang 50 ngan tin tro bd mia dugc théi ra tif cdc nha mdy dudng trén ca nudc, chit déng ngoai tu
nhién va chua c6 nhu ciu st dung phit hdp, gdy 6 nhiém moi trudng va chiém nhiéu dién tich dét chiia
chét thai. Giéng nhu nhiéu loai tro khac (tro bay, tro trdu) [10], tro bd mia chifa c4c thanh oxit quan
trong nhu silic, nhom, canxi. Tuy vay, thanh phan héa hoc, tinh chit vt 1y ctia tro ba mia c6 su thay
ddi 16n, tiry vao diéu kién thd nhudng noi trong mia va nhiét do, diéu kién dbt [11]. Viéc nghién cifu
ing dung tro ba mia & vao san xuét vt liéu xay dung (gach, xi ming, bé tong) da dugc mot sé6 nha
khoa hoc thuc hién, mang lai nhiing hiéu qua ro rang [11-13]. Tuy vay, c6 rt it tai liéu nghién ctu vé
loai tro phé thai rdn nay dugc ghi nhan & Viét Nam.

D& md rong pham vi ting dung clia vat liéu AAS, nhiéu tac gia dé xuit sit dung két hgp xi 10 cao
hoat tinh va tro bay, nham kéo dai thdi gian ninh két va gidm do co ngét ctia hén hop [6, 14]. Trong
bai bao nay, tro ba mia — thu thap tit nha may dudng Soc Tring (Tinh Séc Trang) duge phén tich thanh
phan héa hoc, dic tinh vat ly truée khi st dung cling véi xi 10 cao hat min d€ tao vt liéu kiém hoat
héa. Su ¢6 mit clia thanh phan tro bd mia trong hdn hgp dugc chiting minh ci thién thdi gian ninh két,
dd bén co hoc, va do bén lau (giam do co ngét, do hit nudc) so véi vat liéu kiém hoat héa xi 16 cao.
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2. Vat liéu stt dung va cac dac tinh cta tro ba mia

Hon hop chit két dinh kiém hoat héa dugc hinh thanh tir cac vat liéu sau: xi 10 cao nghién min
(GBFS), tro ba mia da qua x ly sang, dung dich kiém hoat héa (gdm dung dich NaOH va Na,SiO3)
va nudc sach.

2.1. Tro bd mia (SBA), phdn tich cdc ddc tinh cia vdt liéu SBA

Tro ba mia tho dudc thu thap tif bai tro phé thai cdia mot nha mdy dudng & phia Nam. Mau tro
sau khi dugc siy kho & 110 °C trong 24 h dugc ray qua sang sd hiéu #100 ASTM (kich thudc 16 149
um) dé loai bo tap chit va thanh phan tro tho chua chdy hét. Phan tro min sau khi lot qua riy #100
dudc chia trong céc tdi ni 16ng cach 4m dé€ dung cho thi nghiém. Tro thu dudc c6 ty dién Blaine
4449 cm?/g, ty trong 2,165. Thanh phan oxit cia tro ba mia dudc phan tich bang phd nhiéu xa huynh
quang tia X (X-ray fluorence). K&t qua phan tich & Bang 1 cho thiy vat liéu SBA c6 day di céc thanh
phan quan trong ctia vat liéu pozzolan nhu SiO», Al,03, Fe,0s, . ... Thanh phan SiO, chiém ty 1 cao
nhét (gan 75%), do dic diém tich liiy silic ctia cAy mia dudng; tong ham lugng ba oxit (SiO; + Al, O3 +
Ca0) 16n hon 70%, thda yéu cau ciia ASTM C618 ddi vdi vat liéu pozzolan. Két quéa phan tich thanh
phan héa hoc dbi v6i SBA kha tuong dong véi nhiéu nghién ciu trude day [11, 16], chi ra ring vat
liéu SBA c6 thé st dung hiéu qua trong san xuét bé tong. Piém can luu y 13 lugng mat khi nung (LOI)

Bang 1. Thanh phan oxide va tinh chét vat ly cia SBA va GBFS

bic tinh Tro ba mia (SBA) Xi 10 cao nghién min (GBFS)
1. Thanh phan oxit (%)
SiO, 74,94 33,65
Al O3 6,48 13,67
Fe, 03 2,14 1,18
CaO 1,417 42,11
MgO 1,132 6,53
TiO, 0,398 -
P,05 0,775 -
SrO 0,0162 -
Si03 - 1,87
BaO 0,0361 -
MnO, 0,0575 -
Na,O 0,785 0,57
K0 2,752 0,57
Mt khi nung, LOI (%) 9,07 0,58
2. Céc tinh chét vat Iy (TCVN4030:2003 [15])
+ Ty dién Blaine (cm?/g) 4449 4000
+ Khéi luong riéng (g/cm?) 2,165 2,89
+ Kich thudc hat (um):
dio 2,56 5,61
dso 20,42 22,14
dyg 82,95 113,73
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tuong ddi cao (9,07%), dudc giii thich do SBA chia nhiéu carbon chua chay hét [17]; vi thé mau tro
c6 mau den nhu quan sat & Hinh 1(a). Trong mot nghién ctu khac [16] d6i véi vat liéu SBA thu thap
tlf nha may dudng & Thanh Hoa, luong mét khi nung dudc xac dinh 8,91%.
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(a) Anh miu vat liéu SBA (b) Két qua chup phd XRD

(c) Anh SEM, do phéng dai x 500 (d) Anh SEM, dé phéng dai x 1000

Hinh 1. Hinh 4nh SEM va phd nhiéu xa tia X clia tro bd mia ding trong thi nghiém

Trén Hinh 1(b), hinh 4nh phé nhiéu xa tia X (X-ray diffraction, XRD) cho thiy pha ton tai chinh
ctia SiO, dang quartz (@-SiO;) va Cristobalite (3-SiO»), dinh phd phét hién nim & géc 26 trong
khoang 20-30 °C; vit liéu SBA c6 cu tric vo dinh hinh, hoat tinh cao, nén dé& xdy ra phan tng héa
hoc; phit hop véi ting dung ctia mot vat liéu pozzolan. Hinh 1(c, d) thé hién anh trang thai bé miit
mAu tro bi mia qua kinh hién vi dién ti¥ quét (SEM, Scaning Electric Microscope). Dé thiy ring, tro
ba mia c6 kich thuéc ¢ um, hinh dang khong dong nhit, c6 nhiéu géc canh; ciu tric x6p, bé mit c6
nhiéu 16 réng. Vi thé, hat tro bd mia c6 dic tinh hip thu nhiéu nuéc; do d6, hdn hgp vita bé tong cé
chita vat liéu SBA thudng c¢6 do sut giam (giam tinh coéng tac) [12, 18].

2.2. Xilo cao nghién min

Xi 10 cao nghién min (GBFS) dung trong thi nghiém niy thudc loai S95 (TCVN 11586:2016),
dang thuong pham ctia Tap doan Hoa Phat. Vat liéu xi GBFS c¢6 do min Blaine c& 4000 cmz/g va co
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khéi lugng riéng 2,89 g/cm®. Thanh phin oxit cia xi 10 cao dudc trinh bay & Bang 1, v6i thanh phan
cht yéu 1a Ca0, SiO,, Al,03, MgO.

2.3. Dung dich kiém hoat héa

Dung dich kiém hoat héa trong thi nghiém nay dugc tdng hop tir dung dich Natri hidroxit (NaOH)-
10M va thdy tinh 16ng (Natri silicate, Na;SiO3), dudc cung cip bdi cong ty Merck Vietnam. Trong
d6, dung dich NaOH, ndng do 10M dudc pha ché tit NaOH dang vién nhé thé ran, do tinh khiét
98%; dung dich thdy tinh 16ng c6 ty 1& thanh phan 9% Na,0, 28% Si0,, 63% H,0, khbi lugng riéng
2,61 g/em?, trong ludng riéng 1,38 g/em®.

2.4. Thiét ké thanh phan hén hop vdt liéu kiém hoat héa GBFS/SBA

Trong nghién ctiu nay, hén hop kiém hoat héa c6 khdi lugng thé tich tuong duong bé tong xi
ming thong thudng (2100-2250 kg/m?). Ty 18 khéi luong nudc/thanh phin chét rin (L/S) cta hon
hop dugc chon trude 0,35, sau mot vai budc tron thii va tham khéo tif nghién ctu trude [19]. Can luu
y rang, lugng nudc bao gdm nudc tron va nudc ¢ trong dung dich kiém. Ty 1é phan trim khéi lugng
gitta GBFS/SBA thay ddi 1an lugt theo cac mic 100/0, 90/10, 80/20, 70/30, 60/40 (tong khdi lugng
GBFS+SBA khong thay ddi). Dung dich kiém hoat héa dudgc tao thanh tit dung dich NaOH-10M (pha
ché tit NaOH dang vién rar;\)I V% dung dich thiy tinh 16ng (Na,Si03), dic trung bsi hai tham s6: (i)

a
SBA + GBFS
SiO; chi ¢6 trong dung dich Na;SiO3 va NayO ¢o trong ca dung dich NaOH va dung dich Na;SiOs.
Trong thi nghiém nay, nham khao sit anh hudng ctia ndng do kiém (m) dén tinh chit ctia vat liéu kiém
hoat héa, ba dung dich kiém hoat héa dudc tao ra, tuong ting véi ba nong do kiém (6%, 8%, 10%);
ca 3 dung dich kiém hoat héa c6 mo-dun silicate dudc chon khong d6i (n = 0,6). Mdi ty 1é tron clia
GBFS/SBA dugc lan lugt tron déu ba dung dich kiém hoat héa néu trén. Cac thanh phan vt liéu ctia
mbi hdn hop dudgc tron déu véi may tron vita c6 dung tich 225 1it. Tom lai, c6 téng cong 15 cip phdi
hén hap (5 ty 1é¢ GBFS/SBAX3 cip nong do Na,O) dudc tao ra khi thay ddi ty 1é GBFS/SBA va ndng
dd kiém ctia dung dich hoat héa.

SiO,
nong do kiém (m, % = x 100) va (i1) mo-dun silicate (n = W) Luuy rang, phén tu

2.5. Thi nghiém vat liéu kiém hoat hoa va chudn bi mdu thit

Bang 2. Céc thi nghiém, miu thir di véi vat liéu kiém hoat héa GBFS/SBA

b A e Tiéu chuan Kich thudc/ Po tudi
Chi tiéu thi nghi€ém p £ x x R
ap dung s0 lugng mau mau (ngay)

1. Tinh cong tac (do do sut, duong kinh - - -

x0e* — st dung con thit d6 sut hinh nén

cut loai thu nhd 50 x 100 x 150 mm).

2. Thdi gian ninh Két, (dung kim Vicat) ASTM C191 [20] - -
50 x 50 x 50 mm

3. Cuding d6 chiu nén ASTMCIOORIT 5 e 13y 3.7.28
4. Khdi lugng thé tich 50 x 50 x 50 mm

5. Do hiit nude ASTM CO42[22] ™ 375 15— 45) 28

6. Co gt (thay déi chidu dai mdu) ~ ASTM C490 [23] 2> é 15 3 igjsr)nm 3,7, 14, 28

Ghi chii: (*) Po bang gid tri trung binh duding kinh 16n nhét theo hai phuong vuong géc ctia khdi vat lidu sau
khi riit c6n theo phudng thing diing.
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Bang 2 trinh bay cdc thi nghiém thuc hién cho vat liéu kiém hoat héa theo tiéu chuin ASTM, bao
gdm: tinh cong tic (danh gid qua do sut, dudng kinh xoe) va thoi gian ninh két (bt dau va két thic)
clia vita dugc danh gid. Mau 1ap phuong canh 50 mm va thanh vita c6 kich thuée 25 x 25 x 285 mm
dugc dic va dudng ho trong khong khi (nhiét d6 phong thi nghiém) cho dén thdi diém thi nghiém
(xem Hinh 2). Céc két qua do dugc tién hanh tdi thiéu trén 03 mau, va gia tri trung binh ctia cac lan
do dudc ghi nhan.

(a) MAu vita lap phuong canh 50 mm (b) Do thay déi chiéu dai thanh mau vita

Hinh 2. Hinh &nh mu vat liéu kiém hoat h6a GBFS/SBA duing cho thi nghiém

3. Két qua thi nghiém va cac phan tich
3.1. Két qud thi nghiém tinh céng tdc ciia hén hop kiém hoat héa

Tinh cong tic (con goi la tinh linh dong) ctia hdn hop dugc do bang do sut va dudng kinh xoe trén
mit phang cia khéi vat lidu kiém hoat héa sau khi rit dung cu con hinh nén theo phuong thang diing.
Giad tri do sut va dudng kinh x0e ctia cac hdn hgp khéac nhau dugce trinh bay trong Bang 3.

Bang 3. Két qué do do sut [duong kinh xde] (cm), ctia vat liéu kiém hoat héa GBFS/SBA

Do sut [dudng kinh xoe] (cm), ctia hén hop kiém hoat héa

m. % . v6i ty 1é thanh phan GBFS/SBA khéc nhau:
100/0 90/10 80/20 70/30 60/40
6 11,5[334]  11,3[32,1]  11,1[318]  1L1[28,7]  109[27.6]
8 06  114[30,1]  11,2[287]  10,9[279]  105[26,0] 10,4 [24,6]
10 11,2[284]  11,1[273]  10,8[23,6]  10,3[20,0] 9,6 [14,6]

Cac hdn hop c6 do sut cao, nam trong khoang 9,6-12 cm. Quan sit bang mét thudng cho thiy
cdc hdn hgp chit két dinh kiém hoat héa c6 kha ning tu chdy va do dong nhét cao; khong nhin thiy
hién tudng tich nuéc & mép ria ctia khoi vat liéu sau khi nang con thi d6 sut. Ngoai ra, két qua thi
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nghiém cho thy do sut gidm dan khi ting luong SBA trong hdn hop. Diéu nay c6 thé ly giai do dic
tinh hdo nudc von c6 ciia tro ba mia (do c6 ciu triic hat réng, x6p) va thanh phan carbon chua chay
(minh chiing lugng mét khi nung 16n, 9,07%). Luong nudc tron yéu cau ting dbi véi hdn hop chia
luong SBA ting, da dudc khang dinh bdi cic nghién citu trudc [17, 24]. Thém vao do, tinh cong tic
ctia hon hop giam dan khi ndng d6 kiém ting 1én. Hién tugng nay lién quan dén su hinh thanh nhanh
san phdm phan tng hydrate héa, nhét 1 khi dung dich c6 do kiém cao [1].

3.2. Thoi gian ninh két ciia vat liéu kiém hoat hoa

Hinh 3 thé hién két qua x4c dinh thdi gian ninh két ctia tit ca cac hon hop kiém hoat héa, thay d6i
trong khoang 28-300 phuit (thdi gian bat dau ninh két) va 38—450 phiit (thdi gian két thic ninh két).
Dbi v6i xi ming Poécling, thai gian bit dau va két thic ninh két 1an lugt 1a 45 phit va 375 phiit [25].
Két qua thi nghiém cho thay, hén hop 100/0 c¢é hién tugng dong ciing rat nhanh, cé thdi gian bat dau
ninh két dudi 45 phut. Piéu nay phu hop véi cac nghién ciu truéc day ddi chat két dinh kiém hoat
hoéa tir xi 10 cao [1, 6, 14], do qua trinh phan ting (hoa tan) GBFS xay ra nhanh hon trong moi truéng
kiém giai phéng nhanh ion Ca®*. Lién két cong héa tri Ca—O dé& phd v& hon so véi lién két Si-O va
Al-O [26]. 6 ciing chinh 12 1y do riit ngin thdi gian ninh két dang ké cia vat liéu kiém hoat héa khi
ndng do kiém ting 1én (xem Hinh 3). Tinh chit ninh két nhanh ctia vat liéu kiém hoat héa GBFS 1am
han ché pham vi ting dung ctia loai vat liéu nay trong thuc té, can thdi gian dd dai d€ van chuyén va
thi cong [5].

500 — - .
[[@6% (FS) | Thoi gian bit diu va két thic ninh két _

:;5« 200 _ B8% (FS) ciia xi mang theo ASTM C150

) | @10% (FS) q---

= [|26% (1S)

= 300 tl@gy (15)

£ H 2 10% (1S)

= 200 {7

k= :

=Ti] L -

€ 100 1 !

= L b *eh
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100/0 60/40

GBFS/SBA

Hinh 3. Thai gian ninh két ctia cdc hén hop vat liéu kiém hoat héa
(IS va FS lan luot 1a thoi gian bat dau va két thiic ninh két)

Tit két qua trén Hinh 3, thay thé mot phan xi 10 cao bang tro ba mia c6 thé diéu chinh kéo dai thoi
gian ninh két ctia chit két dinh kiém hoat héa. That vdy, cidc hdn hop chita 10% SBA trd 1én va 6%
Na,O déu c6 thdi gian ninh két dai hon 45 phiit. Tuy thé, khi khéi luong SBA ting dén 40%, chét két
dinh kiém hoat héa c6 thdi gian ninh két thiic kéo dai hon 375 phiit (gi6i han cho phép ciia xi ming
Podcling). Khi d6, bing cach ting ndng dd Na,O tit 6% 1én 8% va 10% sé riit ngan dang ké thdi gian
ninh két. Thanh phan CaO thip trong SBA (1,41%) so vdi trong GBFS (42,11%), 1am chiam phén ting
geopolymer héa cé thé giy ra kéo dai qua trinh dong cing [27]. Tt nhiing két qua trén, c6 thé nhan
xét rang st dung ty 1& phi hgp SBA véi ndng do dung dich hoat héa c6 thé giai quyét kho khin lién
quan dén hién tuong dong cling nhanh ctia hdn hgp kiém hoat héa xi 16 cao.
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3.3. Cuong do chiu nén ciia vat liéu kiém hoat héa

Su phat trién cudng do chiu nén mau lap phuong canh 50 mm ctia vit liéu kiém hoat héa hén
hop GBFS/SBA dudc trinh bay & Hinh 4. Do 1éch chuin ctia két qua thi nghiém x4c dinh cudng
dd chiu nén nam trong pham vi +5%. Mau 100/0, v6i nong do kiém 6%, 8%, 10% dat cudng do
41,11 MPa, 48,68 MPa, 49,07 MPa sau 3 ngay va ting 1&€n 80,46 MPa (ting 96%), 93,96 MPa (ting
93%), 96,3 MPa (ting 96%) sau 28 ngay. Tiic 13, sau 3 ngay miu mau dat dugc xip xi 50% gid tri
cudng do sau 28 ngay. Cudng do vt liéu phat trién theo thdi gian do qua trinh geopolymer hoa clia
GBFS, tao ra san phim hydrat héa (C, N)-~A-S—H, 12 yéu t chinh hinh thanh cudng do clia cht két
dinh [28]. Cudng do phat trién sém (sau 3 ngay) la di€ém chi y, phi hdp véi ting dung cla bé tong
cuong dod cao. Trong khi d6, mau 90/10 dat cudng do sau 3 ngay la 48,73 MPa, 56,61 MPa, 59,34
MPa, ting 1én 86,89 MPa, 96,3 MPa, 100,55 MPa sau 28 ngay, tuong ing v6i ndng do kiém lan lugt
6%, 8%, 10%. Mau 90/10 c6 cudng dd ting nhe so vi mau 100/0 (khodng 6% sau 28 ngay). Két qui
nay cho thy su c6 mit ciia SBA (v6i mot ty 1& han ché) lam ting nhanh qua trinh geopolymer héa
trong thdi gian dau (dén 28 ngay). Mot nghién ctiu bdi Pereira va cs. [13] chi ra ring, vita GBFS/SBA
hoat héa bing dung dich kiém (NaOH + Na,SiO3) ¢6 do réng giam nhe so véi vita hoat héa GBFS
(khong c6 SBA). Tuy nhién, khi lugng SBA ting hon 20%, cudng do vita gidm dang k€ so véi mau
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Hinh 4. Su phat trién cuong d6 chiu nén ctia cdc cip phbi vat liéu kiém hoat héa GBFS/SBA
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tuong tng 100/0. Két qua nay c6 thé giai thich do qud trinh polymer héa SBA tao ra nhiéu cu triic
rong hon so v6i GBFS, do chifa nhiéu hat SBA chua tham gia phan ting [28, 29]. Tir nhiing két qué
néu trén, trong pham vi thoi gian thi nghiém (dén 28 ngay), c6 thé nhan xét rang ty 1& hdn hop 90/10
(90% GBFS+10% SBA) ning cao cudng do ctia vat liéu kiém hoat héa. Su phat trién cudng do cta
chit két dinh kiém hoat héa GBFS/SBA trong dai han (sau 28 ngay) can dudc nghién cifu thém.

Anh hudng ctia ndng d6 kiém dén cudng do vt liéu hoat héa GBFS/SBA dugc thé hién & Hinh 5.
Hinh nay thé hién ty s cuong do (R,,) gitta mau c¢6 ndng do kiém 8% va 10% so v6i mau c6 nong do
kiém 6%. C6 thé thiy rang, vSi cung ty 16 GBFS/SBA, gia ting ndng do kiém lam ting cudng do mau
& céc thoi diém 3 ngay va 28 ngay. Két qua nay phi hop véi cong bd trude d6 [30], do SiO; ¢b trong
SBA bj hoa tan trong dung dich ¢6 ham lugng Na,O cao, tao ra nhiéu ion Si** and AI** trong qué
trinh geopolymer héa. Ngoai ra, v6i hdn hop chita nhiéu thanh phan SBA (30% va 40%), 4nh hudng
ctia ndng d6 dung dich kiém dén cudng do chiu nén & 28 ngay trd nén rd rang hon. Ty sb cudng do
mau 70/30 khi ndng dd kiém 8%, 10% so véi khi ndng dd 6% c6 gid tri thap nhit & 3 ngay tudi va
cao nhét & 28 ngay tudi. Sy hoa tan chim trong moi trudng kiém ctia SBA (so véi GBFS) & nhiét do
thudng c6 thé 1a nguyén nhan ctia két qua trén. Trong mdt nghién citu trudc, Pereira va cs. [13] da chi
ra rang, phan ting ctia SBA trong dung dich kiém hoat héa (hinh thanh cudng dd) xay ra trong dai han.

14 T T T T T T T T
[ 1 [| =—m=6%
L —@—m=8%
L —&—m=10%

e
104 = ] ] | 8 m - - = - - - L
0.9 4 4 4
(3 ngay) 1 [ (28ngay)
08 T T T T T T T T T T
100/0 90/10 80/20 70/30  60/40 100/0  90/10 80/20 70/30  60/40
GBFS/SBA

Hinh 5. Cudng do tuong dbi (R,,) ciia mau c¢6 nong dd m = 8%, 10% so v6i mau c6 m = 6%

3.4. Khéi lugng thé'tich kho cia vt liéu kiém hoat héa

Khbi lugng thé tich kho sau 28 ngay tudi ctia miu hén hop kiém hoat héa GBFS/SBA dudc liét ké
& Bang 4. Vi cac ndng do Na,O khéc nhau (m = 6%, 8%, 10%), mau 90/10 déu c6 gia tri khdi lugng
thé tich kho 16n nhét, tiép theo 1a mau 100/0. Khi thay thé 10% GBFS bdi SBA din dén khéi luong
thé tich kho ctia miu ting 2,7%, 4,3%, 4,2%, tuong v6i ndng do natri oxit 1an lugt 6%, 8%, 10%. Diéu
nay ching t6 mau 90/10 c6 céu triic dic chic hon mau 100/0. Két qua 13, khéi lugng thé tich mau ting
1én, phit hop véi su thay d6i do bén chiu nén cia vat liéu. Gia tri cudng do chiu nén tir thi nghiém
cho thiy mau 90/10 c6 cudng do cao nhét, tiép theo mau 100/0. Khi tiép tuc ting ty 1& SBA (tir 20%
tré 1én) khdi lugng thé tich mau giam. Chang han, miu 60/40 c6 khéi luong thé tich giam dén 4-5%
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so v6i mau 100/0. Ly do dudc gii thich 1a khoi luong riéng ctia SBA (2,165) nhé hon so véi GBFS
(2,89). Khi thay thé bang mot khoi lugng thi thé tich clia tro sé nhiéu hon, do d6 khdi lugng thé tich
mau giam di. Mot nghién ciiu ctia Castaldelli va cs. [28] di chi ra ring céu triic vita ctia hdn hop chiia
15% SBA tr6 1én sé& c6 thé tich 156 réng (c6 kich thudc 10-10* nm) ting 1én. Hon nita, su khdc biét vé
san phdm phan ting véi kiém giita GBFS, tao ra C-A-S-H gel véi cAu tric diic chic va v6i SBA, tao ra
N-A-S-H gel ¢6 ciu triic nhiéu 16 réng hon ciing c6 thé lién quan cho két qua trén [13, 27].

Bang 4. Khi lugng thé tich kho va do hit nudc ctia vat liéu kiém hoat héa GBFS/SBA

Khbi lugng thé tich (g/cm3) va [d6 hut nuGe (%)], caa vat liéu
kiém hoat héa véi ty 1 thanh phan GBFS/SBA khic nhau:

m, % n
100/0 90/10 80/20 70/30 60/40
6 1,83 [14,6] 1,88 [12,9] 1,85 [17,8] 1,83 [19,2] 1,76 [20,6]
8 0,6 1,85 [11,5] 1,93 [9,2] 1,83 [16,0] 1,84 [16,8] 1,78 [19,2]
10 1,89 [10,3] 1,97 [9,5] 1,86 [11,8] 1,85 [14,7] 1,8 [17,0]

3.5. D¢ hiit nudc cua vat liéu kiém hoat hoa

D6 hit nude clia vat liéu phin dnh thé tich rdng bé trong clia cu tric, tif d6 4nh hudng dén céc
tinh chit co hoc va do bén ctia vat lidu [31]. PO hit nudc ctia mau vat liéu kiém hoat héa GBFS/SBA
sau 28 ngay tudi dugc trinh bay trong Bang 4. Nhan xét ring mau 90/10 c6 dd hit nu6c thip nhét, dat
gia tri 12,9%, 9,2%, va 9,5% tuong ing v6i ndong do natri oxit 6%, 8%, va 10%. Két qua nay phu hop
véi sy bién thién khéi lugng thé tich kho va cudng d6 chiu nén mau, nhu da trinh bay & phan trén.
Ngoai ra, ting ndng do kiém hoat héa ciing sé lam cho ciu triic bén trong miu trd nén dic chiac hon
do cac 16 rong bi 1ip diy bdi san phadm ciia phan ing geopolymer va thanh phan hat min SBA. Két
qua 13, do hiit nudc sé gidm ddi v6i mau c6 nong do kiém 16n hon (Bang 4).

3.6. D¢ co ngdt ciia vit liéu kiém hoat héa

So véi xi ming Portland thong thudng, vt lidu chét két dinh kiém hoat héa tir xi 16 cao c¢6 dd co
ngét 16n hon nhiéu (c6 thé 16n hon vai 1an), do céu triic bén trong c¢6 nhiéu 16 rdng, nhiéu vét niit li ti
(micro cracking) [7]. P6 1a mot trong nhitng nhudc diém 16n cta vat liéu xi kiém hoat héa lam giam
dd bén viing theo thdi gian khi tiép xidc véi mdi trudng [1]. Trong nghién ciiu nay, su thay ddi chiéu
dai (co ngét) ctia cac thanh mau vit liéu kiém hoat héa GBFS/SBA khd cting trong khong khi, & céc
dd tudi khic nhau (3, 7, 14, 28 ngay) dudc thé hién trén Hinh 6. Vé mit vat ly, do thay d6i chiéu dai
cic miu ting theo thdi gian, lién quan dén lugng nudc bdc hai. O cic d6 tudi thi nghiém, mic do co
ng6t clia mau vat lidu kiém hoat héa GBFS/SBA déu 16n hon vita xi ming Poéc ling thong thudng
(khoang 0,2%). Mau 80/20 cho dd 16n thay d6i chiéu dai mau (co ngét) nhé nhét trong sd cic miu thi
nghiém. K&t qua do trén miu sau 28 ngay tudi cho thiy, so v6i mau 100/0, mau 80/20 c6 su thay ddi
chiéu dai gidm tir 1,3 dén 3 1an, tliy thudc vao nong do dung dich kiém hoat héa. T két qua nay, c6
thé nhan dinh rang, sit dung thanh phan SBA hgp ly sé lam giam dang k& miic do co ngét clia vat lidu
kiém hoat héa, nang cao tinh chit cd hoc va do bén lau cia két ciu. N ghién ctiu tinh co ngot doi véi
hén hop kiém hoat héa xi 10 cao—tro bay ciing thu dudc két qua tuong tu [32]. Nguyén nhan gidm co
ng6t khi thém vao thanh phan tro (tro b mia hoic tro bay) dudc gidi thich 13 do sdn phim ctia phan
ting kiém hoat héa tro c6 cau tric khong gian bén viing hon. Tuy nhién, khi lugng SBA trong hdn hop
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tiép tuc ting 1én (vi du, 30-40%), d6 co ngét ting nhanh. Pic tinh hdo nude (hit nudc nhiéu) cing
v6i d6 min 16n ctia va liéu SBA so v6i GBFS tao ra ciu triic c¢6 do rong ting nhanh trong qué trinh
kho ciing do nuée bdc hoi c6 thé 1a nguyén nhan giy ting co ngét [6]. Mot két qua khac cling dang
luu ¥, khi ndng d6 kiém ting 1én, cudng d6 mau ting 1én nhung ciing sé lam ting d6 co ngdt. Két qua
tuong tu c6 thé tim thiy trong mot nghién cidu ctia Thomas va cs. [3]. Thong thudng, khi vat liéu c6
cudng do ting kéo theo giam do co ngét; do d6, bién dang co ngét dude ky vong giam véi mau nong
do kiém cao hon. Tuy viy, két qua trén Hinh 6 thé hién xu huéng ngudgc lai. Pidu niy chiing td ring
su thay ddi céu tric 16 réng (bao gdm do6 rdng va phan bd kich thudc 16 réng) 12 nguyén nhan ctia su
khdc biét trén. Khi nong do kiém hoat héa ting 1én 1am t6ng do rong gidm, dong thdi ting thé tich 16
rong mao quan (mesopores, kich thuéc 10 nm—10* nm), vén dudc cho dnh huéng quan trong dén co
ngot [33].
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Hinh 6. Két qua do thay di chiéu dai ctia thanh vt liéu kiém hoat h6a GBFS/SBA

4. Két luan

Tir két qua thi nghiém va nhiing phan tich & trén, mot sb két luan dudc it ra nhu sau:

- MAu tro ba mia thu thap sau khi sang qua ray #100 (149 wm) c6 dd min cao (4449 cm?/g), chia
nhiéu thanh phan SiO; (~75%), Al,03 (~6,5%), Fe;03 (2,14%), CaO (1,42%), va mot lugng nhéd cac
oxit khdc; nghién ctiu cho thAy mau SBA c6 hinh dang nhiéu géc canh, bé mit x6p, nhiéu 16 rdng; vat
liéu SBA ton tai & dang cAu tric tinh thé vo dinh hinh.

- Vat liéu kiém hoat h6a GBFS/SBA c6 d6 sut giam dan khi ting thanh phan SBA trong hén hgp,
do vat liéu SBA c6 d6 hit nuée cao. Ngoai ra, st dung hop 1y lugng SBA va dung dich hoat héa ¢6
dd kiém phu hop d€ diéu chinh thdi gian ninh két ctia hdn hop kiém hoat héa, md rong pham vi ting
dung cua loai vat liéu nay.

- Vat liéu kiém hoat héa GBFS/SBA trong thi nghiém c6 cudng do rit cao (~100 MPa sau 28
ngay) va phat trién nhanh (sau 3 ngay dat gan 50% gid tri cudng do sau 28 ngay). Hon hop vit liéu
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kiém hoat héa GBFS/SBA chita 90% GBFS va 10% SBA (90/10) c6 cudng do va khdi lugng thé tich
16n nhét (cao hon 6% so véi mau 100/0) va c6 dd hit nudc thap nhit trong s cac hon hop thi nghiém.
Ting dd kiém cia dung dich hoat héa 1am ting dd bén co hoc cia vat liéu kiém hoat hod, nhét 1a dbi
v6i hdn hop c6 luong SBA 16n (30-40%) & 28 ngay.

- Stt dung thanh phan SBA hop 1y sé lam giam ddng ké miic dd co ngét clia vat liéu kiém hoat
héa, ning cao tinh chét cd hoc va do bén lau. Mau vat liéu 80/20 c6 dd co ngét do dudc nhod nhit,
giam 1,3-3 1an so v6i mau 100/0 sau 28 ngay.
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