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Anh huéng ctia mét s6 phé pham cong nghiep
dén cuong dé chiu nén cua bé tong Geopolymer

Effects of some industrial wastes on compression strength of geopolymer concrete
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TOM TAT

Bai bao nay trinh bay nghién ctu thyc nghigm vé anh huing cia mot sd phe phdm cang nghigp nhu ban da, xi thép va xdc tac thai dau khi
dén cuing dd chiu nén cia bé tang geopolymer. Bai bao ddng thavi trinh bay nghién ciu anh huéng cia cac yéu td nhu thivi gian duiéng ha
nhiét, ndng dd dung dich NaOH va ty lé sodium silicat/sodium hydroxit dén kha nang chiu nén cia bé tong geopolymer st dung phé pham
cing nghiép. K&t qua thyc nghiem cho thay, bun da va xi thép, khi thay thé mat phan tro bay, lam gidm khé ndng chiu nén cia bé téng
geopolymer. Trong khi da xdc tac théi ddu khi co tac dung ngugc lai lam tang kha nang chiu nén cia vét ligu geopolymer.

Tir khda: Be tang geopolymer, Tro bay, Bun da. Xi thep, Xuc tac thai ddu khi,

ABSTRACT

The paper presents experimental research on the effects of some industrial wastes such as red mud (RM), steel slag (StS) and residue
fluid catalytic cracking (RFCC) on the compressive strength of geopolymer concrete. This study also focuses on the influence of factors
such as heat curing time, concentration of NalH solution and the sodium silicate/sodium hydroxide ratio (SS/SH) on the compressive
resistance of geopolymer concrete using industrial wastes. Experimental results show that red mud and steel slag, when partially replacing
fly ash, reduces the compressive strength of geopolymer concrete. Meanwhile, RFCC has the opposite effect to increase the compressive

capacity of the geopolymer material.

Keywaords: Geopolymer concrete, Fly ash, Red mud, Steel slag, Residue fluid catalytic cracking (RFCC).

1. Giéi thiéu

Ngay nay, & Viét Nam néi riéng va trén thé gidi n6i chung, qua trinh
céng nghiép hoa van dang dién ra véi toc d6 ngay cang nhanh va quy
mo ngay cang d6 so. Bén canh nhimng Igi ich kinh t€ mang lai cho doi
sOng xa héi, rat nhiéu nganh céng nghiép con tan dung tai nguyén thién
nhién va thai ra cdc phé& pham gay 6 nhiém moi trudng. Mét sé vi du
nhu, nganh céng nghiép xi mang khai thac da voi, dat sét va phat thai
khi CO, trong qua trinh nung clinker; Cong nghiép nhiét dién phat thai
CO; va tro bay; Nganh khai thac bauxite xa thai bun dé ra moi trudng;
Céng nghiép luyén thép xa thai phé pham xi thép; cling nhu RFCC 1a
phé phdm ctia nganh céng nghiép héa dau, ...

DE gidm thiéu xa thai tryc ti€p cac phé phdm cong nghiép ra moi
trudng rat nhiéu nghién cliu trong va ngoai nudc da dugc thuc hién
nham tan dung nguén phé phdm nay lam nguyén liéu cho nhiéu dang
san pham khac nhau. Trong s6 cac san phdm tan dung phé pham céng
nghiép do, bé tdng geopolymer géc tro bay da dugc nghién clu ti kha
lau va dugc 4p dung & nhiéu dang cong trinh trén thé gigi [1-3]. Rat

nhiéu nghién ctru trong va ngoai nudc da minh chiing cho tinh tuong
doéng va cé phan vugt troi hon cha bé téng geopolymer khi so sanh vai
bé tdng xi mang truyén théng vé kha nang chiu nén, kha nang chiu kéo,
tinh chéng tham, chéng én mon, kha néng (ing dung vao cau kién xay
dung,...[4-19].

Tiép tuc xu huéng tan dung cac phé phdm céng nghiép vao sén
xudt bé téng, nghién ctu nay dugc thuc hién dé khdo sat anh hudng ctia
cac dang phé pham phé bién trong nudc nhu bun dé, xi thép va RFCC
dén kha nang chiu nén ctia bé tdng geopolymer. Nghién ctu dugc thuc
hién cho viéc thay thé mét phan tro bay bang tiing phé pham riéng I&
va thay th& mét phan tro bay bdng hén hgp clia cac cap doéi phé phdm
dé khao sat anh hudng cla ching dén cudng d6 bé téng geopolymer
cling nhu tinh kha thi cda viéc ing dung cac phé pham nay vao thuc té
san xuat cac san phdm bé tdng geopolymer. Pham vi nghién ctru dugc
gidi han & khéo sat kha nang chiu nén ctia cac cap phdi vat liéu.

2. Nguyén vat liéu va cap phdi thi nghiém
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Nguyén vat liéu co ban dung dé ché tao bé tdbng geopolymer bao
goém c6t liéu nho (cat), ct liéu I6n (da dam, soi,...), tro bay va dung dich
hoat hda (Na;SiOs + NaOH). Nghién ctu nay st dung thém cac nguyén
liéu tai ché tir chat thai cdng nghiép nhu: bun dé, xi thép, va xtc tac thai
dau khi (RFCC) dé thay thé mét phan tro bay trong cac cip phdi va
nghién ctiu anh hudng cla cac chat nay dén cudng d6 chiu nén clia bé
tong geopolymer.

2.1.Cét liéu

Cétliéuldn sirdung da dam dugc khai thac tirmé da Tan Dong Hiép,
xa Tan Bong Hiép, huyén Di An, Binh Duong. Da dam da s6 c6 dang khoi
cau, it hat det va it goc canh. C& hat da 16n nhat Dmax = 20 mm, khdi
lugng riéng 2700 kg/cm?, khéi lugng thé tich 1510 kg/cm?® va céc tinh
chat co ly théa man yéu cau ky thuat theo TCVN 7570:2006 vé cot liéu
cho bé téng va viia [20].

Cét lieu nho st dung cat séng dap ting yéu cau ky thuat theo TCVN
7570:2006 [20]. D€ loai bd cac tap chat, cat dugc rifa sach va sdy kho
trudc khi dugc stir dung trong thi nghiém. Cat cé modul d6 16n la Ma =
2.1 va lugng sét sang tich lGy Acss = 21.95% thudc cét hat trung binh -
nhé. Két qua thi nghiém cho thdy cat c6 khoi lugng riéng 2610 kg/m3 va
kh&i lugng thé tich 1450 kg/m3.

2.2. Dung dich hoat héa

Dung dich hoat héa d€ phan Ung tao chat két dinh 1a hén hgp cuta
thay tinh 16ng Na,SiOs (sodium silicate - SS) va kiém NaOH (sodium
hydroxit - SH). Thay tinh 1dng la dung dich mau tréng sét c6 tng ham
lugng Na,O va SiO, dao déng tir 36% dén 38%, ty trong 1.42 g/ml. Dung
dich sodium hydroxit dugc pha ché tir Na;O & dang vay ran, mau trang
duc, do tinh khiét trén 90%, khéi lugng riéng 2130 kg/m?. Nghién ctiu
nay thuc hién véi néng d6 dung dich NaOH 14 mol va 16 mol. Bén canh
dé, nudc st dung dé pha ché dung dich va nhao trén bé téng la nudc
thay cuc, dap Ung day dd tiéu chudn TCVN 4560:2012 [21] vé nudc cho
bé tong va vira.

2.3. Phé phdm céng nghiép diing trong thanh phdn chdt két dinh

Tro bay st dung trong thi nghiém la tro bay loai F, c6 ham lugng
CaO thap hon 6%, theo tiéu chudn ASTM C618 [22]. Ham lugng céc oxit
trong tro bay dugc trinh bay trong Bang 1. Thanh phan chi yéu cua tro
bay la SiO; (chi€ém 51.7%) va ALLOs (chi€ém 31.9%), lugng mat khu nung
kha cao & muic 9.63%.

Nguyén liéu bun dé st dung trong nghién ctiu nay dugc lay ti nha
may clia Céng ty trach nhiém hru han mot thanh vién Nhém Lam Déng
tai thi tran Léc Thang, huyén Bao Lam, tinh Lam Dong. Bun d6 nguyén
liéu & dang khé va c6 thanh phan héa hoc dugc trinh bay trong Bang 1.
Hai thanh phan khodng chl yéu cé trong bun dd la AlLOs va Fe;0;
(chiém 63.95%) lugng mat khu nung rat cao 8 muc 20.33%.

Xi thép dang bot min dugc Iy tir cac nha may luyén thép & khu céng
nghiép Phi My 1, Huyén Tan Thanh, Tinh Ba Ria - Viing Tau. Thanh phan
khodng chti yéu trong xi thép bao gém SiO,, Fe;0s va CaO (chiém dén
72.65% khéi lugng hén hop, Béang 1).

Phé& phdm xuc tac dau khi sir dung trong thi nghiém dugc thu thap
tUr nha may loc dau Dung Quat, c6 thanh phan hat trung binh tur 60-88
pm. RFCC dugc cau thanh chd yéu ti 2 thanh phan khoang SiO; va Al,O;
(chiém dén 94% khéi lugng hén hop)

2.4. Cap phéi, duéng hé nhiét va thinghiém cuéng dé chiu nén cia
bé téng geopolymer

Bang 7 trinh bay thanh phan cdp phdi cho 1m? bé tdng Geopolymer
dung trong cac thi nghiém. Nhom cap phdi A (tir A1 dén A8) sit dung 100%
tro bay trong thanh phan chét két dinh nhu bé tong geopolymer théng
thudng, cac cap phéi nay dung dé thi nghiém sé liéu cg s déi ching cho
cac thi nghiém con lai. Nhém cap phéi B sir dung 20% bun dé thay thé cho
tro bay trong hén hgp. Nhém cap phdi C st dung 20% xi thép két hgp véi
80% tro bay va nhom cap phdi D thay thé 20% tro bay bang chat thai RFCC
dau khi. Bén canh d6 nghién ctu con thuc hién cho cac nhém cap phéi két
hop 60% tro bay, 20% bun do, 20% xi thép (nhém cap phdi E) va 60% tro
bay, 20% xi thép, 20% RFCC (nhém cap phai F).

Bé tdng geopolymer thi nghiém dugc ché tao dang mau tru kich
thudc D x H =100 x 200 mm. Bé téng geopolymer sau khi dic mau dugc
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tinh dinh trong diéu kién nhiét do6 phong trong vong 24 gid sau dé dugc
dudng hé nhiét & nhiét d6 90°C trong thadi gian 8 gid hoac 12 gis. Mau
bé téng geopolymer thanh phdm sau dé dugc thi nghiém xac dinh
cudng d6 chiu nén bang thiét bi nén Matest tai Trudng Pai hoc Su pham
Ky thuat Thanh phé H6 Chi Minh tuan tha tiéu chudn TCVN 3118:1993
vé phuong phap xac dinh cudng do nén [23].
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Hinh I: MAu bé tong geopalymer va thi nghigm cuamng da chiu nén.

3. K&t qua thuc nghiém

3.1. Anh huéng ctia théi gian duéng hé nhiét dén cudng dé chiu
nén cua bé téng Geopolymer sit dung phé phdm céng nghiép

Hinh 2 trinh bay so sanh kha nang chiu nén cla cac mau bé tong
geopolymer khi dugc dudng ho nhiét trong 8 gid va 12 gid. Két qua thuc
nghiém cho thdy, tat ca cac mau dudng hé trong 12 gid déu cho cudng do
chiu nén t6t hon mau dudng hé nhiét trong 8 gid, chénh léch cudng d6 ghi
nhan tr 4% dén 29% (chénh léch trung binh 12%). C6 thé nhan thdy, khi
tang thai gian dudng ho, nhiét lugng dugc cung cap nhiéu hon cho qua
trinh geopolymer héa tao chat két dinh, phan ting tring ngung polymer xay
ra triét dé€ hon tur d6 lam tdng cuding dé clia bé tdng geopolymer. Bén canh
do, thai gian dudng hé nhiét lau hon cling Iam cho lugng hai nudc (sinh ra
tir phan (ing trung ngung polymer) dugc thoat ra khdi mau nhiéu hon, ciing
VGi su tu sap xép lai cau tric lam cho mau bé téng geopolymer dugc dac
chac hon va gia tdng cudng do.

Tuy nhién, théng ké tur thi nghiém cho thay sau 8 gi& dudng ho
nhiét, trén 70% s6 mau thi nghiém dat trén 90% cudng do so véi dudng
ho nhiét 12 gig. Diéu nay mét lan nia khdng dinh, phan ung
geopolymer héa tao chat két dinh va cudng dé cia bé tdng geopolymer
phat trién nhanh & giai doan dudng ho nhiét ban dau va cudng dé tang
cham dan vé sau, két qua nay tuong déng véi nhitng nhan dinh da dugc
chiratrong mot sé nghién cru ctia Krishnan [24], Rangan [25] va mét s6
nghién ctu khac. Trén quan diém t8i uu chi phi san xuat, ta c6 thé lya
chon thoi gian dudng hé nhiét 8 gia la phu hagp.

K&t qua thuc nghiém ciing cho thay khi co sy hién dién 20% bun do
thay thé tro bay (nhom cap phoi B va E), su chénh léch cudng do chiu
nén gilra dudng ho nhiét 8 gid va 12 gid 1a 16n nhat, tir 16% dén 29%
(chénh léch trung binh 21%). Diéu nay cé nghia, phé phdm bun dé khi
thay thé mot phan tro bay lam gidm t6c d6 phan ting geopolymer héa
va lam cham qua trinh gia tdng cudng do clia bé tdng geopolymer. Hon
n(fa thdi gian dudng ho nhiét 8 gi¢y 1a khong du dé cung cap nhiét lugng
cho loai bé téng nay dat cudng dé mong muén.

& chiéu hudng nguoc lai, khi cé su hién dién ctia 20% RFCC thay thé tro
bay trong hén hgp (nhom cap phéi D va F), cudng d6 chiu nén clia mau
dudng ho nhiét 8 git dat tir 89% dén 96% cudng dod chiu nén clia mau
dudng hé nhiét 12 gid. Két qua thuc nghiém nay chi ra rang RFCC lam tang
t6c do phan ting geopolymer hda tao cudng do cho bé téng geopolymer.

Hai xu huéng tang giam téc dé déng ran clia bé tdng geopolymer
nhu trén c6 thé dugc gidi thich théng qua thanh phan khoang cta 2 loai
phé& pham. Ta d& dang nhan thdy trong RFCC c6 chtra 55% SiO: va 39%
Al:Os (Bang 1), ham lugng SiO;va Al,Ostrong RFCC con cao hon cé trong
tro bay, day la tdc nhan chinh clia phan Uing trung ngung polymer tao
cuong do vat liéu. Ngugc lai, bun do chi chia 8.47% ham lugng SiO,,
thap hon tr 6.1 dén 6.5 lan lugng SiO; c6 trong tro bay hodc FRCC, diéu
nay dan dén sy gidam téc do dong ran va gidam cudng dé chiu nén clia
bé téng geopolymer khi bun dé dugc thém vao hén hagp.



Bang 1: Thanh phan héa hoc clia cac phé phdm cdng nghiép dung trong nghién ctiu (%).

Oxit SiO; Al.O3 Fe,0; CaO K20 va Na.O MgO SOs TiO. Mét khi nung
Tro bay 51.7 31.9 3.48 1.21 1.02 0.81 0.25 - 9.63
Bun do 8.47 27.67 36.28 0.06 0.02 0.05 0.22 5.39 20.33
Xithép 23.11 12.52 22.55 26.99 4.93 3.77 0.30 - 5.83

RFCC 55 39 0.38 0.5 0.21 - <1 - -
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Hinh 2: Anh hudng cla thai gian dudng ho nhiét dén cudng dé chiu nén ciia bé tong Geopolymer.
3.2. Anh huéng ctianéng dé dung dich NaOH va ty 1é SS/SH dén cuong ham lugng kiém trong hén hgp, lam cho phan (ing geopolymer hoa clia

dé chiju nén ciia bé téng Geopolymer sirdung phé phdm céng nghiép hén hgp dugc xay ra triét d€ hon tir d6 gia tdng cudng do.

Hinh 3 trinh bay su thay déi cudng dé chju nén clia cdc nhém cép Théng ké két qua thuc nghiém ciing cho thay 88% sé cap phéi bé
phéi bé téng geopolymer khi thay déi néng dé dung dich sodium téng geopolymer st dung dung dich NaOH néng d6 14 mol dat tir 85%
hydroxit ti 14 mol 1én 16 mol. Téng quan s6 liéu thi nghiém cé thé chi dén 98% cudng dd so vai cac cap phéi bé tong sit dung NaOH nong do
ra réng, khi tdng néng d6 dung dich NaOH cudng dé chiu nén cla bé 16 mol. Biéu nay chi ra rang, tang néng d6 dung dich sodium hydroxit
téng geopolymer déu tang & tat ca cac nhoém cap phéi tir 2% dén 16%. khéng phai 1a gidi phap tét dé gia tdng cudng dd cho bé téng
Day la xu hudng ting kha ré rang va c6 thé tién lugng trudc khi thuc geopolymer.
hién thi nghiém. Tang néng d6 mol ctia dung dich NaOH nghia la ting
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a) Dudng ho nhiét 8h, SS/SH =2 b) Duéng hé nhiét 8h, SS/SH =3
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Hinh 3: Anh hudng clia néng d6 dung dich NaOH dén cudng d6 chiu nén clia bé tong Geopolymer.

Su gia tang cudng do chiu nén clia bé tdng geopolymer khi thay dé&i
nong do dung dich NaOH tir 14 mol 1én 16 mol kha tuong déng gilia cac
cdp phéi st dung hoan toan tro bay va cac cap phdi c6 phé pham cong
nghiép thay thé mét phan tro bay. Diéu nay cho thdy cac phé pham
céng nghiép ¢é it &nh hudng dén cudng do chiu nén cla bé téng
geopolymer khi thay d&i nong dé dung dich NaOH.

Khi ty 1& SS/SH thap chénh léch cudng do chiu nén cla bé tong
geopolymer dung NaOH 14 mol va 16 mol kha it vé&i gia tri chénh léch
trung binh 7% (Hinh 33, c). Nguoc lai khi tdng ty 1& SS/SH Ién thanh 3, thi
su chénh léch cudng d6 nén gilra cdc mau c6 NaOH 14 mol va 16 mol
trung binh 13 14% (Hinh 3b, d). Biéu nay c6 thé giai thich do khi tang ty
I& SS/SH thi ham lugng SiO. dugc gia tang, lugng SiO: la thanh phan
quan trong tao cudng dé cho chat két dinh geopolymer.

Anh huéng cta ty 1é hoat chat trong dung dich hoat hoéa (sodium
silicat/sodium hydroxit) dén sy phat trién cudng do cla bé tong
geopolymer dugc trinh bay trong Hinh 4. Trong nghién ctu nay, 2 cap

ty 1& SS/SH badng 2 va 3 dugc st dung dé€ so sanh su khac biét vé cudng
doé cla bé téng geopolymer. Téng quan két qua thi nghiém cho thay,
khi téng ty 1& SS/SH thém 50%, cudng dd chiu nén cla tat ca cdc nhém
cdp phoi déu tang, chénh léch ghi nhan tir 5% dén 35% (gia tri trung
binh 13%). Xu hudng tang nay c6 thé dugc giai thich khi tang ty 1& SS/SH
thi ham lugng SiO: trong dung dich hoat héa dugc tang lén, lugng SiO>
tang lam tang s6 lugng phan ting geopolymer hoa tao chat két dinh, tir
d6 lam tang do ddc chac va tang cudng doé cua vat liéu.

Khi néng dé dung dich NaOH la 14 mol, su chénh léch cudng dé nén clia
bé tdng c6 SS/SH=2 va bé tong c6 SS/SH=3 la kha nhd, tir 5% dén 16%, chénh
léch trung binh 9%. Ngugc lai khi néng do dung dich NaOH la 16 mol, chénh
léch cudng d6 nén la kha I6n tir 9% dén 35%, chénh léch trung binh 17%. Két
qua thyc nghiém nay mét lan nita khéng dinh vai trd ciia NaOH trong hén hop
bé téng geopolymer, khi tdng ndng d6 mol clia dung dich NaOH, ham lugng
chét kiém nay dugc tang lén, tir d6 thic ddy qua trinh geopolymer héa dién ra
triét € han tir d6 lam gia tang cudng dé clia vat liéu.
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@SS/SH=2| 20.57 | 15.26 | 19.02 | 27.63 | 17.72 | 24.30 FESS/SH=2|24.10 | 17.97 | 20.43 | 30.77 | 21.29 | 26.60
mSS/SH=3| 23.77 | 17.09 | 19.96 | 30.09 | 19.13 | 26.20 @SS/SH=3| 26.12 | 19.78 | 21.63 | 32.81 | 24.55 | 28.90
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A5.A7 | B5.B7 | C5.C7 | D5.D7 | E5.E7 | F5.F7 A6.A8 | B6.B8 | C6.C8 | D6.D8 | E6.E8 | F6.F8
ESS/SH=2| 22,91 | 16.35 | 19.37 | 29.49 | 18.68 | 25.80 EdSS/SH=2| 25.51 | 19.15 | 21.12 | 32.22 | 24.15 | 28.60
@SS/SH=3| 27.64 | 20.99 | 22.51 | 33.32 | 25.19 | 28.50 @ SS/SH=3| 29.58 | 22.84 | 24.48 | 35.02 | 26.31 | 31.70
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¢) Duéng ho nhiét 8h, NaOH 16mol
Hinh 4: Anh hudng cda ty 1& SS/SH dén cudng do chiu nén clia bé tdng Geopolymer.
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d) Duéng ho nhiét 12h, NaOH 16mol




Bang 2: Thanh phan cap phoi cho 1m? bé téng Geopolymer thi nghiém

s Tro bay Bun do Xithép RFCC dau SH SH ss Thai gian
: P M6 ta FA RM sts khi 14 Mol 16 Mol bo) SS/SH | dudng ho
Ol
P (kg) (kg) (kg) (kg) (kg) (kg) d (9i%)
Al 418 86.67 173.33 2 8
A2 418 86.67 173.33 2 12
A3 418 65 195 3 8
A4 418 65 195 3 12
100% FA
A5 418 86.67 173.33 2 8
A6 418 86.67 173.33 2 12
A7 418 65 195 3 8
A8 418 65 195 3 12
B1 334.4 83.6 86.67 173.33 2 8
B2 334.4 83.6 86.67 173.33 2 12
B3 334.4 83.6 65 195 3 8
80% FA
B4 334.4 83.6 65 195 3 12
+
B5 334.4 83.6 86.67 173.33 2 8
20% RM
B6 334.4 83.6 86.67 173.33 2 12
B7 334.4 83.6 65 195 3 8
B8 334.4 83.6 65 195 3 12
C1 334.4 83.6 86.67 173.33 2 8
C2 334.4 83.6 86.67 173.33 2 12
c3 334.4 83.6 65 195 3 8
80% FA
C4 .\ 334.4 83.6 65 195 3 12
cs5 334.4 83.6 86.67 173.33 2 8
20% StS
C6 334.4 83.6 86.67 173.33 2 12
C7 334.4 83.6 65 195 3 8
c8 334.4 83.6 65 195 3 12
D1 334.4 83.6 86.67 173.33 2 8
D2 334.4 83.6 86.67 173.33 2 12
D3 334.4 83.6 65 195 3 8
80% FA
D4 334.4 83.6 65 195 3 12
+
D5 20% RECC 334.4 83.6 86.67 173.33 2 8
D6 334.4 83.6 86.67 173.33 2 12
D7 334.4 83.6 65 195 3 8
D8 334.4 83.6 65 195 3 12
E1 250.8 83.6 83.6 86.67 173.33 2 8
E2 A 250.8 83.6 83.6 86.67 173.33 2 12
0,
E3 60% 250.8 83.6 83.6 65 195 3 8
+
E4 250.8 83.6 83.6 65 195 3 12
20% RM
E5 . 250.8 83.6 83.6 86.67 173.33 2 8
E6 0% StS 250.8 83.6 83.6 86.67 173.33 2 12
E7 250.8 83.6 83.6 65 195 3 8
E8 250.8 83.6 83.6 65 195 3 12
F1 250.8 83.6 83.6 86.67 173.33 2 8
F2 . 250.8 83.6 83.6 86.67 173.33 2 12
F3 60%FA 250.8 83.6 83.6 65 195 3 8
+
F4 250.8 83.6 83.6 65 195 3 12
20% StS
F5 . 250.8 83.6 83.6 86.67 173.33 2 8
F6 0% RECC 250.8 83.6 83.6 86.67 173.33 2 12
F7 250.8 83.6 83.6 65 195 3 8
F8 250.8 83.6 83.6 65 195 3 12
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3.3. Anh huéng ctia phé phdm cong nghiép dén cuong dé chiu
nén ciia bé téng Geopolymer

Hinh 5 trinh bay két qua cuong d6 chiu nén cuta cac cap phdi bé
tdng geopolymer va dnh hudng ctia cac phé phdm cong nghiép dén
khéd nang chju nén cta vat liéu. Két qua thuc nghiém cho thay, khi
st dung 100% tro bay lam chat két dinh, cudng dé bé tong
geopolymer dat thap nhat 20.57 MPa (khi néng d6 dung dich NaOH
14 mol, SS/SH = 2 va dudng hé nhiét trong 8 gig). Cudng d6 chiu
nén tang lén cao nhat 1.44 lan (thanh 29.58 MPa) khi nong dé dung
dich NaOH tang 1.14 1an (thanh16 mol) két hgp vdi ty & SS/SH tang
50% (thanh SS/SH = 3) va thoi gian dudng ho tdng 50% thanh 12 gio.
Su gia tdng cudng dd chiu nén cua bé tong geopolymer ty |é thuan
VGi su gia tang cac nhan t6 ndng d6 dung dich NaOH, ty 1& SS/SH va
thai gian dudng hé nhiét, xu huéng phat trién cudng dé nay da dugc
thao ludn va giai thich & cac muc ndi dung bén trén.

Khithay thé 20% tro bay badng phé phdm bun dé (nhém cap phéi
B), cudng do6 chiu nén cla tat ca cac cap phdi bé tong geopolymer
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¢) Duéng hé nhiét 8h, NaOH 14mol, SS/SH=3
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déu giam tur 22.78% dén 28.61%, gia tri giam cudng d6 trung binh
25.51%. Bun do6 cling la tac nhan lam gidm cuong d6 bé tong
geopolymer nhiéu nhat so véi cac phé phdm khac trong nghién ciu
nay. Nguyén nhan gay ra su gidm cuong do la do trong bun dé chi
chtra 8.47% SiOz (ham lugng SiO2 kém hon trong tro bay va RFCC tur
6.1 dén 6.5 lan) la mot trong s6 cac khoang chat quan trong tao
cudng d6 cua chat két dinh geopolymer.

Khi thay thé 20% bot xi thép vao tro bay (nhom cdp phéi C),
cudng do cac cap phéi bé tong geopolymer dat tir 81.44% dén
92.44% so vGi bé tong geopolymer s dung 100% tro bay, gid tri
gidam cudng dd trung binh cla toan bd cac mau thi nghiém la
15.56%. Tuy cé lam gidm cudng dé cua bé tong geopolymer, do
trong bot xi thép chi chita 23.11% SiO; so v&i 51.7% SiO: trong tro
bay, nhung su gidm cudng dé ciing it hon dang ké so vdi khi thay
thé tro bay bang bun do.
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Hinh 5: Anh hudng ctia phé pham céng nghiép dén cudng dé chiu nén ctia bé tong Geopolymer

Khi thay thé 20% bun dé va 20% bot xi thép vao hén hgp (hnhém
cap ph6i E), cudng dé bé tdng geopolymer cling giam tir 5.35% dén
19.54%, gia tri giam cudng do trung binh 11.85%. Xu hudng giam
cudng do nay hoan toan hop logic va phu hgp véi nhiing giai thich
theo ham lugng oxit SiO, da trinh bay bén trén.

& chiéu hudng nguac lai, khi thay thé& 20% tro bay bing phé
ph&m RFCC (nhém cdp phdi D), cuding d6 bé tdng geopolymer lai
tang dang ghi nhan tir 18.39% dén 34.27%, gia tri tang cudng do
trung binh 26.01%. Nhém cap phoi cé 20% RFCC clng la nhom dat
kha chiu nén cao nhat, gia tri cudng d6 chiu nén 1&n nhat dugc ghi
nhan la 35.02 MPa khi ndng d6 dung dich NaOH 16 mol, SS/SH =3
va duéng ho nhiét trong 12 gid. Khi thay thé tro bay bang RFCC
cudng dé bé tdng geopolymer tang la do trong hén hgp RFCC ngoai
ham lugng SiO: cao han, ham lugng Al;Os trong RFCC cling cao hon
trong tro bay dén 22.25%. Cung vdi silic, nhém ciing la mét nhan t6
quan trong cau thanh chat két dinh geopolymer, do d6 khi thay tro
bay bang RFCC, ham lugng nhom tang lén lam téng phan Ung
geopolymer héa va tao nhiéu chat két dinh hon, lam cho mau bé
tong geopolymer dugc dac chac hon va gia tang cudng do.

Nhom cdp phdi F la hén hop gilra cac thanh phan vai tro bay va
1 nhan t6 lam gia tang manh cudng d6 (RFCC) va 1 nhan té lam giam
nhe cudng do (xi thép) cha bé tdong geopolymer. Két qua la cac cap
ph&i nhom F dat kha nidng chiu nén cao hon bé téng geopolymer

100% tro bay tir 3.10% dén 18.11%, gia tri tang trung binh 10.54%.
Su tang cudng dé nay ciing cht yéu do ham lugng oxit SiO; va Al,Os
cé trong cac phé& phdm cédng nghiép quyét dinh va da dugc gidi thich
& cac muc bén trén.

4. Két luan

Bai bdo da trinh bay nghién ciu thuc nghiém vé kha nang chju
nén clia bé tdng geopolymer khi thay d6i cac thong s6 nhu thdi gian
dudng hé nhiét, néng dé dung dich NaOH va ty 1é dung dich hoat
héa solium silicat/sodium hydroxit. Bai bdo d6ng thai trinh bay
nghién cru dnh hudng clia cac phé& phadm coéng nghiép nhu bun @6,
xi thép va RFCC dén cudng doé chiu nén cta bé tong geopolymer khi
thay thé mét phan tro bay. Mét s6 két luan chinh c6 thé dugc tém
lugc nhu sau:

- Gia tang nhiét lugng cla qua trinh duéng ho thém 50%, tu 8
giglén 12 gid dudng ho, kha nang chiu nén clia cac cap phéi bé tong
geopolymer chi tang trung binh 12%. Khi can nhéc thém céac yéu té
th&i gian va chi phi, thi duéng hé nhiét trong 8 gi& c6 thé xem |a dat
hiéu qua tét hon.

-Da s6 cap phoi bé tong geopolymer si dung dung dich NaOH
néng d6 14 mol dat tl 85% dén 98% cudng do so vdi cac cap phéi
bé tong si dung NaOH néng d6 16 mol. Do dé, ting néng dé dung
dich sodium hydroxit khong phai la gidi phap t6t dé gia tdng cudng
d6 cho bé tong geopolymer.
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-BUn d6 ¢6 ham lugng SiO, thap nén lam gidm kha nang chiu
nén clia bé tdng geopolymer khi thay thé tro bay trong hén hgp chat
két dinh.

- Véi ham lugng SiO; cao han bun do, xi thép cling lam gidm kha
ndng chiu nén clia bé tdng geopolymer, nhung gidm it hon dang ké
& muc trung binh 15.56% khi thay thé 20% tro bay. Xi thép cling kha
thi khi st dung trong bé téng geopolymer dé gidi quyét van dé moi
trudng.

-Do c6 ham lugng SiO; cao hon va ham lugng Al:Os cao hon
dang ké so vai tro bay, RFCC khi thay thé tro bay lam tang manh
cudng do chiu nén cla bé tdng geopolymer. Diéu nay minh ching
cho kha nang thay thé tro bay va kha nang ing dung RFCC trong bé
tdng geopolymer.

-Su két hgp gitta RFCC va xi thép trong hén hgp bé tong
geopolymer géc tro bay cé thé dadm bao kha nang chiu nén cda san
pham va gidi quyét cac bai toan vé xi ly phé phdm cong nghiép va
bao vé moi truong.

L&i cdm on: This work belongs to the project grant No: T2020-
83TP funded by Ho Chi Minh City University of Technology and
Education, Vietnam.
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