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Tém tit: Nghién ctru ndy sir dung ngudn nguyén vat liéu 1a chét thai tir cac nganh cong nghiép
khac nhau nhu: tro bay, bun do, xi thép va RFCC dau khi dé san suit bé tong Geopolymer. San
pham tao ra vira c6 thé tan dung t6t ngudn chat thai tir cic nganh cong nghiép gop phan han ché 6
nhiém méi truong do cac chét thai cong nghi€p va khi thai tir qua trinh san xudt xi mang gay ra.
Qua d6 tim ra anh huong cua cac chit thai néi trén dén cuong do bé tong Geopolymer. Sau khi so
sanh cac két qua thu dugc vi mau déi chimg sir dung 100% tro bay, nghién ctru cho thay khi ting
ty 1¢ bun do va xi thép thi cuong do bé tong Geopolymer c6 chiéu hudng giam, dic biét giam rd
rét khi c6 yéu t6 bun do. Bén canh d6, cudong do bé tong Geopolymer s& ting dang ké khi str dung
phé thai RECC dau khi.

Tir khéa: Geopolymer, Bé tong Geopolymer, Tro bay, Bun do, Xi thép, RFCC dau khi.

Abstract: This research utilizes materials that are waste from various industries such as fly ash,
red mud, steel slag and RFCC to produce Geopolymer concrete. The product can make good use
of waste from industries that contribute to limiting environmental pollution caused by industrial
wastes and emissions from cement production. Thereby, the effect of the above wastes on the
compressive strength of Geopolymer concrete was investigated. After comparing the results with
the control sample using 100% fly ash, the study showed that when increasing the rate of red mud
and steel slag, the strength of Geopolymer concrete tends to decrease, especially markedly
decreases when have red mud. In addition, the strength of Geopolymer concrete will increase
significantly when using RFCC.

Key words: Geopolymer, Geopolymer concrete, Fly ash, Red mud, Steel slag, RFCC.
1. GIOI THIEU CHUNG

Dong hanh véi dong gop vé mit kinh té thi
chét thai ran, nudc thai, khi thai...tir cic nganh
cong nghiép ciing chinh 1a nguyén nhan din
dén tinh trang 6 nhiém moi trudng nhu hién
nay. Mot sb nhom nganh co mirc do gy o
nhiém 16n nhu cong nghiép ché bién luong
thuc, thuc pham, khai thac khoang san, cong
nghiép han dong vo tau, khai thac, van chuyén,
ché bién dau khi... dac biét 1a cac nha may nhiét
dién st dung than va nganh cong nghiép san
xuét xi mang Portland.

Cac van dé noi trén di thuc diy nhiéu
nghién ctru khac nhau nhim giam luong khi
CO:2 va tai sir dung ngudn chat thai tir cac
nganh coéng nghiép. Tir viée sir dung cac CTR
cong nghi¢p lam vat liéu thay thé OPC dé phat
trién mot chat két dinh modi nham lam giam

viéc s dung OPC trong nganh xdy dung.
Geopolymer la vat liu thay thé OPC, duogc
tong hop bang cach két hop cac nguyén liéu
nguon giau aluminosilicate vdi cac dung dich
kiém manh va silicat hoa tan.

Khai niém “Geopolymer” dugc dua ra vao
nhittng ndm 1970 bdi nha khoa hoc Phap gido
su Joseph Davidovits. Pay 1a mét loai vat liéu
rin dugc tong hop nho phan tng hoa hoc giita
aluminosilicate dang bdt voi dung dich alkali.
Vat li¢ualuminosilicate dugc str dung la nhitng
nguyén li€u céd chtra cac oxit cua silic, nhom
[1]. Bé tong Geopolymer dugc biét dén nhu
mot loai vat lieu xanh, than thién v&i moi
truong, trong twong lai co thé dugc dung dé
thay thé bé tong st dung xi ming Portland
thong thuong (OPC).



So véi bé tong sir dung xi ming Portland
thong thuong thi bé tong Geopolymer khong
nhitng gép phan lam giam phat thai khi nha
kinh ma con c6 thé tan dung mot sb chat thai
cong nghiép dé san xuét loai bé tong nay. Diéu
d6 da thuc day nhiéu nghién ctru khac nhau gop
phan dwa bé tong Geopolymer vao tmg dung
thyuc tién va trd thanh vat liéu dugc s dung
rong rai.

Bai bao nay 1a sy tiép ndi cua cac cong
trinh nghién cru trude nham tim hiéu 16 hon
cac nguyén vat liéu c6 thé dung dé ché tao bé
tong Geopolymer, dic biét 1a cac chét thai cong
nghi¢p. Trong tdm ctia nghién clru xoay quanh
viéc so sanh anh hudng clia cic chat thai cong
nghi¢p khac nhau nhu: tro bay, bun do dang
kho, xi thép va xuc tac thai dau khi (RFCC) dén
cuong do cua bé tong Geopolymer.

NoOi dung cia ludn van nay tién hanh
nghién ctu thyc nghiém ciac mau bé tong
Geopolymer sir dung céc chét thai cong nghiép
khac nhau thay thé cho 20% khdi luong tro
bay. Két qua thyc nghiém duogc tinh toan trén
co s TCVN 3118: 1993 [2] s& so sanh véi két
qua cia to mau dbi ching co thanh phan 13
100% tro bay, nham tim ra anh huéng ctia mdi
loai chat thai cong nghiép dén cuong do bé
tong Geopolymer.

Bén canh d0, cac tinh chit anh hudng dén
cudong d6 nhu: thoi gian dudng ho, néng do
Mol NaOH, ty 1&¢ TTL/NaOH ciling dugc xét
dén dé thdy ro hon tinh chit cia bé tong
Geopolymer khi sir dung cac loai chat thai
cong nghiép khac nhau.

2. VAT LIEU VA PHUONG PHAP THU'C
NGHIEM

2.1. Tro bay
Tro bay st dung trong nghién ctru dugc 1iy
tur nguén nha may nhiét dién Formosa, 1a tro
bay loai F c6 ham lugng CaO it hon 6% theo
tiéu chudn ASTM C618 [3]. Thanh phan hoa
hoc cua tro bay dugc trinh bay trong bang 1.
Bang 1. Thanh phan hoa hoc cia tro bay

SOs3 0.25
MKN 9.63

2.2. Bun dé

Buin d6 sir dung trong nghién ctru dugc 1ay
tor nha may cia Cty TNHH MTV Nhom Lam
Déng tai thi trin Loc Théng, huyén Bdo Lam,
tinh LAm Pong. Sau khi siy kho, bun do s&
duogc tan nhuyén va sang qua mat sang 0.3mm

nhu (Hinh 1).

Hinh 1: Bun d6 str dung trong thi nghiém
Thanh phan hoa hoc ctia bun d6 dugce trinh

bay trong bang 2.

Bang 2. Thanh phan héa hoc ciia bun d6
Oxit Ham lugng (%)
Si02 8.47
Al203 27.67
Fe203 36.28
CaO 0.06
Ti02 5.39
SO3 0.22
MnO 0.05
K>0 0.02
MKN 20.33

2.3. Xi thép

Xi thép str dung trong nghién ctru nay dugc
lay tir cac nha may luyén thép trong khu cong
nghi¢ép Phu M¥ 1, Huyén Tan Thanh, Tinh Ba
Ria - Viing Tau. Thanh phan hoa hoc cua xi

Oxit Ham lugng (%)
SiO2 51.7
Al2O3 31.9
Fe203 348
CaO 1.21
K20 va Na:O 1.02
MgO 0.81

thép duoc thé hién trong bang 3.
Bang 3. Thanh phan hoa hoc cua xi thép

Oxit Ham lugng (%)
Si02 23.11
ADLO3 12.52
Fe203 22.55




CaO 26.99
K20 2.37
Na20 2.56
MgO 3.77
SOs 0.30
MKN 5.83

2.4. RFCC diu khi

Phé thai xtic tac dugc dung tir nggén nha
may loc dau Dung Quat, c6 thanh phan hat
trung binh tir 60-88 um [4]. Thanh phan hoa
ctia RFCC duoc trinh bay trong bang 4.

Bing 4. Thanh phan héa hoc ciia RFCC

Oxit Ham lugng (%)
SiO2 55
ALO3 39
Fe203 0.38
CaO 0.5
K20 va Na2O 0.21
MgO -
SO3 <1
MKN -
2.5. Pa dam

Pba dam duoc khai thac tir mé da Tan
Bé)ng Hié¢p, xa Tan Bong Hi¢p, huyén Di An,
Binh Duong. C& hat da 16n nhat Dmax = 20
mm, khdi lwong riéng 2700 kg/cm?, khbi
luong thé tich 1510kg/cm’.

2.6. Cat

Cat str dung cho bé tong Geopolymer dap
tng theo TCVN 7572 [5]. Cat c6 khoi luong
riéng 12 2610kg/m>, khoi lugng thé tich 1a
1450kg/m>.

2.7. Dung dich hoat héa

Dung dich hoat hoa 1a su két hop gitra
sodium silicate va sodium hydroxide. Sodium
silicate c6 tong ham luong Na20 va SiOz dao
dong tir 36 dén 38 %, ty trong 1.42 + 0.01
g/ml. Dung dich sodium hydroxide dugc tao
thanh tir thanh phén ran c6 do tinh khiét trén
90%, khdi lwong riéng 2.130 g/cm® duoc hoa

tan v&i nudce dé tao néng do 14Mol va 16Mol.

2.8. Nuoc

Nudc duge st dung trong thi nghiém la
nudc thuy cuc va xac dinh theo TCVN 4560:
2012 [6].

2.9. Phuwong phap thuc nghiém

Thuc nghiém trén cac mau bé tong
Geopolymer sir dung céac chat thai cong
nghiép khac nhau thay thé dan cho 20% khdi
luong tro bay trong cap phdi dbi ching. Cac
nhém cap phéi chinh bao gdm: nhém cip phdi
A (100% tro bay), nhom cap phdi B (20% bun
d6), nhém cap phdi C (20% xi thép), nhém
cép phéi D (20% RFCC), nhém cap phdi E
(20% bun d6, 20% xi thép), nhom cap phdi F
(20% xi thép, 20% RFCC).

Pong thoi thay d6i ty 16 sodium silicat -
sodium hydroxit 1an luot 1a 1-2 va 1-3, két
hop thay ddi nong do sodium hydroxide 14
Mol, 16 Mol va thay dbi thoi gian dudng ho
nhiét (dudng ho & 90°C) 8 gid va 12 gio.

Thanh phan cip phéi nhém mau dbi
chung A1-A4 dugc trinh bay trong bang 5.
Cuong do chiu nén cua vat liéu dugc xac dinh
theo TCVN 3118: 1993 [2]

Bang 5: Cép phéi bé tong Geopolymer
cho nhom t6 mau doi ching A1-A4 (1m?).

T6 miu Al A2 | A3 | A4
P4 (kg) 1079 | 1079 | 1079 | 1079
Cat (kg) 593 | 593 | 593 | 593
Tro bay (kg) 418 | 418 | 418 | 418
NaOH 14M 86.67 | 86.67 | 65.00 | 65.00
(kg)
TTL (kg) 173.3 | 1733 | 195.0 | 195.0
Ty 1&
TTL/NaOH 2 2 3 3
Thoi gian

. 8 12 8 12
dudng ho (gio)

3. KET QUA NGHIEN CUU VA PANH

GIA
3.1. Anh huwéng caa thoi gian dudng hd

nhiét dén cwong d chiu nén cia bé tong
Geopolymer sit dung chat thai cong
nghiép.

Anh hudng ciia thoi gian dudng ho nhiét
dén cuong do chiu nén cua bé tong
Geopolymer str dung céc chit thai cong
nghiép duoc khao sat bang su thay doi thoi
gian dudng hd gitra 8 gio va 12 gio (¢ cung
nhiét d6 90°C). Két qua thyc nghiém dién
hinh dugc trinh bay trong (Hinh 2).
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Hinh 2: Anh huong cia thoi gian dudng hod
dén cuong do bé tong Geopolymer.

Cuong dd bé tong Geopolymer st dung
chat thai cong nghiép tang khi ting thoi gian
dudng hd nhiét. Vi khi tang thoi gian dudng
hd nhiét thi cac phan Ung trung ngung trong
qua trinh Geopolymer héa xay ra triét dé hon.
Bén canh do, lugng hoi nude trong bé tong
thoét ra nhiéu hon, 1am cho mau dic chéc va
dat cuong do chiu nén cao [7][8]. Tinh chat
nay ciing giéng véi tinh chit cua bé tong
Geopolymer st dung 100% tro bay.

3.2. Anh huéng ciia ndng d9 mol dung dich
NaOH dén cwong d6 chiu nén caa bé
tong Geopolymer sir dung chit thai
cong nghiép.

Su thay ddi cuong do chiu nén khi thay

ddi néng d6 mol NaOH duoc thé hién trong

(Hinh 3):
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Hinh 3: Anh huéng ctia ndng do mol dd
NaOH dén cuong d6 bé tong Geopolymer.

Khi tang néng do NaOH, cuong d6 chiu
nén cuia cac mau bé tong Geopolymer sir dung
hén hop chit thai cong nghiép ciing gia ting
theo. Tuy nhién kha niang phat trién cudong do
ctia cac mau khac nhau, do cuong do chiu nén
cua bé tong Geopolymer con phu thude vao
cac yéu té nhu thoi gian dudng ho, ty 16
TTL/NaOH va dic tinh thanh phan cta bé
tong.

3.3. Anh huéng caa ty 18 TTL/NaOH dén
cwomg do chiu nén chta bé tong
Geopolymer sir dung phu phim cong
nghiép.

Khao sat su thay doi cuong do chiu nén
clia cac mau bé tong st dung hon hop phu
pham cong nghiép bang cach thay doi ty 16
TTL/NaOH lan luot 13 2 va 3. Két qua thuc
nghi¢m duogc trinh bay trong (Hinh 4).
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Al C1
A3 C3
[ TTL/NaOH=2 20.57 15.26 19.02 27.63 17.72 24.30

E TTL/NaOH=3 23.77 17.09 19.96 30.09 19.13 26.20

Hinh 4: Anh huéng cta ty 16 TTL/NaOH dén
cuong do bé tong Geopolymer.

Khi thay déi ty 16 TTL/NaOH cudng d6
chiu nén cta bé tong Geopolymer cling thay
ddi va dong bién. Cap phdi co ty 1¢
TTL/NaOH cang cao thi cuong d6 chiu nén
cang cao.

Tuy nhién c6 sy chénh léch dang ké vé
viéc phat trién ccuong do gitra cap ph01 co
thanh phan chat thai CN khac nhau. O cp
phéi D (tro bay 80% va RFCC 20%) kha nang
gia tang cuong do 6 6n dinh dao dong tir 7%
dén 9% khi nong do NaOH 1a 14M va tur 9-
13% khi ndong d6 NaOH 16M. Cép phdi E lai
c6 su phat trién cudng do nhay vot (60% tro
bay, 20% bun do va 20% xi thép) dao dong tir
8% dén 15% khi ndong do NaOH 1a 14M va tir
9-35% khi nong 6 NaOH 16M.
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3.4. Anh huéng ciia tj 1¢ thanh phin phu
phim céng nghiép dén cwong dé chiu
nén ciia bé tong Geopolymer trong cing
thoi gian dudng hd nhiét, cing nong do
NaOH va cung ty 1¢ TTL/NaOH.

bay 1a muc tiéu nghién ctru chinh cua bai
bao. Anh hudng cua chét thai cong nghiép
dén cuong d6 bé tong Geopolymer dugc khao
sat bang cach thay doi ty 18 thanh phan hdn
hop cac chat thai cong nghiép.

Két qua thuc nghiém duoc trinh bay trong
(Hinh 5,6,7,8,9,10,11,12).
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Hinh 5: Cuong d6 chiu nén cia bé tong
Geopolymer khi dudng ho nhiét 8 gio, st
dung NaOH 14M va ty I¢ TTL/NaOH = 2

(MPa).
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Hinh 6: Cuong d6 chiu nén cta bé tong
Geopolymer khi dudng h¢ nhiét 12 gio, st
dung NaOH 14M va ty 1¢ TTL/NaOH = 2

(MPa).

Céc cap phdi khi c6 thanh phan bun do thi
cuong do chiu nén déu thap hon cip phdi ddi
chting A tir 12% dén 25% va & céc cap phdi co
thanh phan 1a xi thép thi cuong d6 thap hon cap
phéi A tir 12% dén 15%.
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Hinh 7: Cuong do chiu nén cua bé tong
Geopolymer khi dudng ho nhiét 8 gid, su
dung NaOH 14M va ty I¢ TTL/NaOH = 3

(MPa).
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Hinh 8: Cuong do chiu nén cua bé tong
Geopolymer khi dudng h¢ nhiét 12 gio, stir
dung NaOH 14M va ty I¢ TTL/NaOH = 3

(MPa).

C6 thé nhan thay rang & cap phdi D4 va F4
c6 thanh phan 1a RFCC thi cudong do chiu nén
clia cac mau déu cao hon so véi cap phdi ddi
chimg A4 tir 11% dén 26%.
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Hinh 9: Cudong d6 chiu nén ctia bé tong
Geopolymer khi dudng ho nhiét 8 gio, sur
dung NaOH 16M va ty I¢ TTL/NaOH =2

(MPa).



Tir cac két qua trén co thé nhan thiy cac
cap phéi D (20% RFCC) lu6n co6 cuong do 1on
nhit va cao hon cap ph01 d6i chimg tir 18% dén
34%, tiép dén 1a cap phdi F (20% xi thép va
20% RECC) tir 3% dén 18%.
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Hinh 10: Cuong do chiu nén cua bé tong

Geopolymer khi dudng hd nhi¢t 12 gio, st

dung NaOH 16M va ty I¢ TTL/NaOH = 2
(MPa).
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Hinh 11: Cuong d6 chiu nén ctia bé tong

Geopolymer khi dudng ho nhiét 8 gig, su

dung NaOH 16M va ty 1¢ TTL/NaOH = 3
(MPa).

Cép phdi E ludn c6 cudong do thap hon cap
phéi dbi chimg A tir 5% dén 20%, cap phdi B
thap hon cép phdi A tir 23% dén 29%, cap phdi
C thap hon cap phdi A tir 8% dén 19%. C6 thé
ly giai diéu nay nhu sau: bun do va xi thép sir
dung trong thi nghiém tuy da dugc sang qua
mat sang 0.3 mm nhung kich thudc hat van 16n
hon tro bay (1um dén 20pum). Chinh vi vay kha
nang phan tng cua bun do va xi thép trong qua
trinh kiém hoat héa vat liéu alumino-silicate
thip hon so v&i tro bay.
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Hinh 12: Cuong do chiu nén cua bé tong

Geopolymer khi dudng h¢ nhiét 12 gio, st

dung NaOH 16M va ty I¢ TTL/NaOH = 3
(MPa).

Trong cung diéu kién dudng ho nhiét, cung
nong do NaOH, cung ty 1¢ TTL/NaOH cac cap
phéi ¢6 chira RECC déu c6 cudng do cao hon
cap phdi dbi chig A. Cap phdi ludn co cudng
d6 cao hon cip phdi A tir 18% dén 34%. Cap
phéi ciing c¢6 cudong do cao hon cép phdi A
(100% tro bay) tir 3% dén 18%. Vi ham luong
Si02 (55%) va Al203 (39%) chura trong RFCC
cao hon tro bay (SiO2 1a 51.7% va AlLOs la
31.9%) nén RFCC sé& cung cip mot ham luong
dang ké Silic va Al trong qué trinh bé giy céac
lién két cong hoa tri Si-O-Si va Al-O-Si khi
noéng do pH trong dung dich kiém ting cao.
Nhing nguyén té ndy s& chuyén sang hé keo,
xay ra sy tich tu cac san pham bi pha huy ciing
nhu cac phan Umg ndi tai ctia ching. Tur d6 tao
ra mot ciu tric 6n dinh thap va cudi cung la
qua trinh tao nén ciu trac doéng dic va hinh
thanh cuong do t6t hon [9].

4. KET LUAN

Nghién ctru anh hudng ctia mot sd chat thai
cong nghiép dén cuong 46 bé tong
Geopolymer dat dugc cac két qua nhu sau:

- Khi tang ty 1& bun d6 trong thanh phan thi
cuong dg bé tong Geopolymer gidm rd rét
s0 v&i bé tong Geopolymer st dung 100%
tro bay.

- Bé tong Geopolymer ¢ chira thanh phan
xi thép cuong do cling gidm so vdi bé tong
Geopolymer st dung 100% tro bay, tuy
nhién mirc do giam van it hon so véi sir
dung bun do.

- Bé tong Geopolymer st dung cac phu
pham cong nghiép dat cudong do chiu nén
t6i wu khi ting ham luong RFCC trong
cap phdi.
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Ngoai ra tinh chit cuong do chiu nén cua
bé tong Geopolymer sir dung hdn hop céac chit
thai cong nghiép khong thay ddi so voi bé tong
Geopolymer str dung 100% tro bay. Khi tang
thoi gian dudng hd nhiét, ting néng do mol
NaOH va tang ty 1¢ TTL/NaOH thi cuong do
chiu nén cta bé tong cling tang.
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Nghiém cAm moi hinh thirc xuit ban, sao chup, phat tdn ndi dung khi chwa cé sw dong y

cda tac gia va Trwong Pai hoc Sw pham Ky thuit TP. H6 Chi Minh.

PE cO BAI BAO KHOA HOC TOT, CAN CHUNG TAY BAO VE TAC QUYEN!

Thwc hién theo MTCL & KHTHMTCL Nam hoc 2018-2019 cta Thw vién Trwong Pai hoc
Sw pham K§ thuat Tp. H6 Chi Minh.
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