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TOM TAT

Nghién ctru nay khao sat viéc phat trién gach khong nung sir dung chét két dinh kiém hoat hoa tir
tro bay va xi 10 cao nghién. 4 cip phéi gach dugc chudn b véi ty 18 theo khdi lwong tro bay va xi
thay d6i 0/100, 10/90, 30/70 va 50/50. Céc thi nghiém khdi lwong thé tich, do hiit nude, cuong do
chiu nén, cuong do6 chiu udn, do co khod va van toc xung si€u am dugc thyuc hién theo ti€u chuén
lién quan. Két qua thi nghiém cho thiy sy ting 1én ham lugng tro bay lam giam khdi luong khéi
luong thé tich va d6 do co kho nhung lam tang nhe d¢ hat nudc cua gach. Gach khong nung st
dung chat két dinh tir tro bay va xi 10 cao nghién dat mac M75 va M100 theo yéu cau cia TCVN
6447.

Tiwr khéa: Gach khong nung, chét két dinh kiém hoat hoa, tro bay, xi 16 cao nghién

ABSTRACT

This study investigates the development of unfired bricks using alkali-activated binders made from
fly ash and ground blast furnace slag (GBFS). Four brick mixtures were prepared with varying fly
ash/GBFS mass ratios of 0/100, 10/90, 30/70, and 50/50. Tests on bulk density, water absorption,
compressive strength, flexural strength, drying shrinkage, and ultrasonic pulse velocity were
conducted in accordance with relevant standards. The experimental results show that increasing
the fly ash content leads to a reduction in bulk density and drying shrinkage, but slightly increases
the water absorption of the bricks. The unfired bricks produced using fly ash and GGBFS-based
binders achieved grades of M75 and M 100, meeting the requirements of TCVN 6477.

Keywords: Unfired brick, alkali-activated binder, fly ash, ground blast furnace slag

1. GIOI THIEU

Viét Nam 1a mot trong nhiing qudc gia

trién nhiéu cong nghé san xuat gach khong
nung nham han ché 6 nhiém méi trudng trong
qua trinh khai thac va san xuat. Nhitng cong

chau A c6 tdc d6 phat trién nhanh chong trong
nhimg nim gan day. Do d6, nhu cau st dung
vat li¢u xay dung dé phat trién co s& ha t?mg,
bao gdm ca gach xay dung, 1a rat 1on. Tuy
nhién, viéc san xuét gach dat sét nung tai Vit
Nam dang giy ra nhitng van dé vé 6 nhiém
moi truong va lam giam dién tich dat canh tac
néng nghiép. Hién nay, trén thé giéi da phat
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nghé nay da mang lai nhiéu két qua tich cuc,
nhu tdn dung hiéu qua cic ngudn nguyén lidu
san co, gia ré & cac ving mién; dong thoi tao
ra cac loai vat liéu xdy dung c6 chi phi thap,
hi€u qua sir dung cao va than thién véi moi
truong. Bén canh do, vat liéu xay dung khong
nung con gop phan tao viéc 1am on dinh cho
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nguoi lao dong, phu hop vaoi chu truong, chinh
sach cua Pang va Nha nudc cling nhu nguyén
vong ctia nhan dan, giup tiét kiém thoi gian va
chi phi, mang lai lgi ich thiét thuc cho x3 hoi.

Trong nhiing nim gan diy nhiéu nha khoa
hoc trong nudc va ngoai nudc da thuc hién
nhiéu nghién ctru vé gach khong nung. Qua
trinh san xuit ciia gach khong nung tiéu thy
nang luong thip va str dung it tai nguyén thién
nhién so voi gach nung truyén thong [1]. Hon
nira, stir dung chat thai cong nghiép va nong
nghiép dé san xuat gach khong nung g1up glam
chi phi san Xudt cling nhu giai quyet cac van
dé méi truong [1-6]. Két qua ciia mot nghién
ctru cho thay cudng do chiu nén va cudng do
ubn & 28 ngay tudi cua gach khong nung dugc
san xudt tir viéc str dung tro triu dao dong tir
18.1 dén 42.1 MPa va tir 6.0 dén 14.4 MPa.
Hon nita, st dung tro trdu s& 1am giam dang ké
khéi lwong thé tich cua gach va cuong d6 nén
va ubn gach & 28 ngay tudi giao dong tuong
ung tur 18,1-42.1 MPa va 6-4.4 MPa [3]. Gach
khong nung cé thé dugc san xuét bang cach sir
dung hdn hop cua dit sét va tro bay théng qua
phan tmg kém hoat héa cua xi 10 cao [6]. V3
Duy Dang Khoa va nhom cong tac cting thuc
hién nghién ctru vé ché tao gach khong nung
tir dat boi lang va tro trdu voi cuong do chiu
nén tir 2.4 dén 4.3 MPa, d6 hit nude tir 12.91
dén 14.88 % [7]. Gach khong nung da nghién
ctru ché tao tir ngudn chat thai ran vo co trong
cong nghiép san xuét bot gidy va gidy [8]. Két
qua nghién ctru cho thiy, khi ham luong bun
voOi tang thi do bén nén va do bén udn cua cac
mau gach gidm con d6 hut nudc ting. Tuy
nhién, con han ché cac nghién cuu san xuét
gach khong nung sir dung chét két dinh kiém
hoat hoa tir tro bay va xi 10 cao. Vi vy, nghién
ctru phat trién gach khong nung st dung chit
két dinh kiém hoat héa 13 mét giai phap dinh
hudng phat trién vat liéu xdy dung bén viing.

Muc tiéu cua nghién ciru 1a phat trién
gach khong nung sir dung chat két dinh kiém
hoat héa tir tro bay va xi 16 cao nghién. Trong
nghién clru nay, 4 loai loai gach khong nung
duoc san xuit voi ty 1¢ theo khdi lugng tro
bay va xi 16 cao nghién khac nhau. Mit khac,
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nghién ctru ciing thyc hién phan tich cac tinh
chat ky thuat ctia gach khong dua theo céc tiéu
chuan lién quan.

2. VAT LIEU VA PHUONG PHAP
NGHIEN CUU

2.1. Vat liéu

Xi 10 cao nghién thuong pham S95
(Ground blast furnace slag-GBFS) cua Téap
doan Hoa Phat va tro bay loai F (Fly ash-FA)
tor nha may nhiét di¢n Duyén Hai - Tra Vinh
duoc st dung lam bt chinh trong nghién ctru
nay. Thanh phan héa hoc ctia tro bay va xi 10
cao nghién ciing duoc xac dinh thong qua thi
nghiém Quang ph6 huynh quang tia X (XRF)
va két qua duoc hién thi trong Bang 1. Bén
canh do, sodium hydroxide (NaOH >98%) la
c6 dang miéng mong vai khéi lugng riéng 2.1
g/em’ dugc sir dung dé tao dung dich kiém
hoat hoa. Nuéc duoc ldy tir hé thong cung cip
nude cua thanh phd véi khoi lugng thé tich
bang 1 g/cm®.

Bot min GBFS FA
Si0,, wt.% 38.03  58.75
ALO,, wt.% 13.10  26.15
Fe,0,, wt.% 0.58 5.62
Ca0, wt.% 36.80  2.03
MgO, wt.% 5.78 1.63
Others, wt.% 5.71 5.82
Khéi lugng riéng (g/cm®)  2.86 2.12

C6t liéu bao gdém cat nghién va da mi
lay tir mo da dia phuong & Pong Bang Song
Ciru Long. Cat nghién c6 mé dun d6 16n 3.19,
khdi luong riéng 2.57 g/em® va do hut nude
1a 3.95% trong da mi ¢6 D, =20mm, D_. =
5mm, khéi luong riéng biéu klen 1a2.68 g/cm?
va d6 hut nude 1a 1.16%.

2.2. Thanh phan va quy trinh san xudt
gach khéng nung sit dung chat két dinh kiém
hoat hoa

Thanh phan cta hdn hop gach khong
nung gém: xi 10 cao, tro bay, nudc, NaOH, da
mi va cat nghién. Trong nghién ctru nay, 4 loai
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gach khong nung véi ham luong tro bay duoc
sir dung thay thé cho xi 16 cao nghién vai ty 18
khéi lwong gom 0, 10, 30 va 50% khoi luong.
Dung dich kiém hoat hoa duoc tinh toan dua
vao thanh phan trim ctia natri hydroxit (N a,0)
trén tong thanh phan ran duoc st dung véi gia
tri 4% va ty 1é nudc va tong phan ran duoc
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¢b dinh véi gia tri 0.4. Bén canh d6, cac hdn
hop gach khong nung sir dung 37% thé tich
chat két dinh véi giit nguyén ti 1& khdi lugng
giita ¢4 mi va cat nghién 1a 50:50 [9]. Thanh
phan cua gach khong nung dugc hién thi trén

Bang 2.

Béng 2. Cép phdi vat lidu cho 1 m® hdn hop gach khong nung (kg)

Hon hop GBFS FA NaOH Nuée Cat Pa
FAO 472 0 26 258 796 796
FA10 418 46 25 255 796 796
FA30 315 135 25 249 796 796
FA50 219 219 24 244 796 796

Ghi chii Fx: F la ky hiéu tro bay, x la ham lwong tro bay thay thé

Nude duge cho vao cdi tron dau tién, sau
d6 hop gom xi 16 cao nghién, tro bay va NaOH
dugc cho tir tir vao cbi va tién hanh tron trong
khoang 3 phut dén khi dat dwoc hdn hop chat
két dinh kiém hoat hoa dong nhat. Tiép theo
cho tuan ty lugng cat nghién va d4 mi da chuan
bi vao cdi va tién hanh trong thém khoang 3
phut cho dén khi dat dugc hdn bé tong dong
déu. Budc cudi cuing cho hdn hop bé tong vao
khuon co kich thude 160x85x40mm, cho vao
ban din mau trong khoang 30 gidy, dudng ho
mAau mau trong diéu kién nhiét d6 phong va
thao khuon sau 1 ngay. Mau gach khong nung
tiép tuc dugc dudng hd trong diéu kién nhiét
d6 phong dén khi dat do tudi thi nghiém. Dang
dang mau mau gach duoc hién thi trén Hinh 1.

Hinh 1. Mau gach khong nung thanh pham

2.3. Phuong phap thu nghiém

Trong nghién ctru nay, cac tinh chat chit
co ly cua gach nhu cuong do chiu nén, cuong
d6 chiu udn, d6 hat nuéc va khdi luong thé
tich kho dugc xac dinh dya trén hudng dan cua
cc tiéu chuan TCVN 6355-2, TCVN 6355-3,
TCVN 6355-4 va TCVN 6355-5 tuong ung.
Bén canh d6, dic mau hinh ling try voi kich
thude 285x75x75 mm nhim xéc dinh d6 co
khé va van toc xung siéu 4m truyén qua mau
tuong tng theo tiéu chudn TCVN 3117 va
TCVN 13537 & cac do tudi thi nghiém 3, 7,
14 va 28 ngay.

3. KET QUA VA THAO LUAN

3.1. Khoi heong thé tich khé va do hit
nuoc

Hinh 2 mo ta su thay doi khéi luong thé
tich khd va do hit nu6e cdc mau gach khong
nung sir dung chat két dinh kiém hoat hoa &
28 ngay tudi. Khdi luong thé tich khé cua cac
mau gach c6 xu hudng giam dang ké tng véi
viéc tang ti 18 tro bay thay thé xi 10 cao nghién
trong hon hop. Khdi lugng thé tich kho giam
tir 2.36 xudng 2.14 g/cm® khi ty 18 thay thé
ctia tro bay tiang tir 0 dén 50% khdi luong xi
16 cao nghién. Su giam khdi luong thé tich
khé c6 lién quan dén khéi luong riéng cua tro
bay thap hon so khdi luong riéng cua xi 10
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cao nghién min. Két qua thi nghiém trén Hinh
2 ciing cho thay d6 hut nudc cua gach ¢ xu
huéng nguoc lai so véi khdi luong thé tich
kho khi ting ham lugng tro bay trong hon. Po
hat nude giao dong trong khoang 3.86 % dén
5.09% khi ham lugng tro bay thay doi tir 0%
dén 50%. Tuy nhién, v6i ham lugng tro bay

25
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thay thé 10% va 30% d¢ hiit co sy ting nhe.
Két qua thi nghiém ciing cho thdy do hat nuée
nude cua tit ca cac mau gach khong vuot qua
ngudng 14% theo yéu cau cua tiéu chuan Viét
Nam ti€éu TCVN 6477 ap dung cho gach bé
tong hodc gach block.
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Hinh 2. Khéi lugng thé tich kho va do hit nude cia gach khong nung

3.2. Cuong do chiu nén
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Hinh 3. Cuong d¢ chiu nén ctia gach khong nung

Hinh 3 mo ta sy phat trién cuong do chiu
nén trung binh ctia cac mau gach khong nung
v61 ham lugng khéc nhau cua tro bay thay
thé xi 16 cao nghién ¢ tudi bao dudng 7 va 28
ngay. Cuong do chiu nén ¢ 7 va 28 ngay cua
gach khong nung thay doi trong tmg tir 10,79
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dén 6,74 MPa va tir 10,97 dén 7,53 MPa. Nhu
du doan, khi ham lugng tro bay ting lén thi
cuong do nén cua gach khong nung co6 xu
huéng giam dan. O muc thay thé 10% tro
bay, cudng do cua gach khong nung hau nhu
khong bi anh huong déng ké so véi mau doi
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chtng, cho thay & ty 1é nay tro bay van co
thé tham gia phan tng pozzolan va déng gop
mot phan vao qua trinh hinh thanh ciu trac gel
lién két trong vat lidu. Co thé thiy rang gach
khong nung dat gia tri cuong do nén thap nhét
khi thay thé 50% khdi lugng xi 10 cao nghién
bang tro bay. Piéu nay c6 thé duogc giai thich
boi thanh phan hoa hoc va kha ning phan tng
khac nhau cua hai loai phu gia khoang. Xi 16
cao nghién min chtra ham luong CaO twong
d6i cao, dong vai trd quan trong trong qué
trinh hinh thanh cac san pham kiém hoat hoa
nhu gel C-A-S-H (calcium—aluminosilicate—
hydrate). Loai gel nay c6 céu trac dic chic,
gitip lap day cac 16 rdng trong ma tran vat
ligu, tir d6 1am tang do dac chic va cai thién
dang ké cuong do chiu nén cua gach. Nguoc
lai, tro bay loai F chu yéu (;hl'Ia Si0, va A12703
v6i ham lugng canxi rat thap, do do san pham
phan tmg chu yéu hinh thanh 1a gel N-A-S-H
(sodium—aluminosilicate-hydrate). Loai gel
nay thuong c6 téc d6 hinh thanh cham hon va
kha niang phat trién cuong d6 & giai doan dau
khong cao bang gel C-A-S-H [10]. Bén canh
do, viéc tang ham lugng tro bay con lam giam

3.3. Cuong do chiu uon
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luong pha hoat tinh giau canxi trong hé vat
liéu, dan dén su suy gidm mat do san phém
phan g va lam cho cdu tric vi mé ctia gach
tré nén kém dic chiac hon. Piéu nay l1am ting
d6 rong mao dan va lam giam kha niang chiu
luc cua vat liéu. Tuy nhién, tro bay van c6 vai
tro nhét dinh trong viéc cai thién tinh cong tac
ctia hdn hop va c6 thé gop phan vao qua trinh
phat trién cuong d6 ¢ tudi dai ngay nho cac
phan tmg pozzolan thi cép.

Can ctr theo tiéu chuan TCVN 6477 vé
gach bé tong, cac mau gach FO va F10 dat yéu
cau mac gach M100 do cudong do nén trung
binh 16n hon 10 MPa. Trong khi do, cac mau
gach F30 va F50 ¢6 cuong do nén thap hon
nhung van dat yéu cau mac M75. Két qua
nay cho thay viéc thay thé mot phan xi 1o cao
nghién bang tro bay van c6 thé dam bao yéu
cau k¥ thuat ciia gach khong nung néu ty 16 thay
thé duoc lya chon hop 1y. Déng thoi, viéc sur
dung tro bay trong san xuat gach khong nung
con gép phan tin dung phé thai cong nghiép,
giam tiéu thu tai nguyén thién nhién va mang
lai y nghia tich cuc vé& mit moi truong va phat
trién vat lidu xdy dung bén viing
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Hinh 4. Cudng d6 chiu uén cua gach khong nung

Cuong d6 chiu udn trung binh cia cic
mau gach khong nung véi cic ty 1& tro bay
va xi 10 cao nghién khac nhau dugc hién thi

& Hinh 4. Xu huéng phat trién cudng do chiu
uon cua gach cling phat trién giong nhu xu
hudéng cta cuong do chiu nén cua gach. Céc
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gia tri cuong do chiu udn cua cua gach khong
nung giam khi ting lugng thay thé xi 10 cao
nghién bang tro bay. Két qua tir biéu dd trén
Hinh 4 cho thdy cuong d6 udn trong 28 ngay
cta cac mau gach khong nung giam tir 5.50

3.4. Van toc xung siéu am
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xubng 4.03 MPa khi ham luong thay thé tro
bay ting tir 0 dén 50%. Nguyén nhin cia su
giam cuong do chiu udn da duoce thao luan &
phﬁn cuong do chiu nén.
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Hinh 5. Cudng do chiu un cua gach khong nung

Két qua van téc xung siéu 4m cua gach
khong nung khi khong va c6 su dung tro bay
thay thé xi 10 cao ¢ cac do tudi tir 1 dén 28
ngay duoc thé hién ¢ Hinh 5. Nhu dy bao, so
véi mau gach khong sir dung tro bay, cidc mau
gach co st dung tir 10% dén 50% tro bay thay
thé xi 10 cao cho thay gia tri van téc xung siéu
am thap hon. Diéu nay cho thiy sy thay doi
trong cAu trac vi md cua vat liéu khi thanh
phﬁn xi 10 cao nghién min bi thay thé mot
phan bai tro bay. Ngoai ra, tit ca cac cap phdi
déu cho thay xu hudng van toc xung siéu am
tang dan theo thoi gian dudng ho. Su gia ting
nay phan anh qua trinh tiép tuc dién ra ctia cac
phan mg hoa hoc trong hé chét két dinh kiém
hoat hoa, 1am hinh thanh thém cac san pham
gel lién két va gop phan lam dic chic ciu tric
bén trong cua vat li¢u. Khi thoi gian dudng ho
tang 1én, cac 16 rong trong ciu truc gach dan
duoc 1ap diy boi cac san pham phan Gmg nhur
gel C-A-S-H va N-A-S-H, tir d6 lam tang mat
d6 vat lidu va tao diéu kién thuan loi cho song
siéu am truyén qua nhanh hon. Vi du, van tde
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xung siéu 4m giam tir 3250 m/s xudng 3051
m/s & tudi 1 ngdy va tir 3735 m/s xudng 3483
m/s & tudi 28 ngay khi ham lugng tro bay ting
tir 0% 1én 50%. Su suy giam nay cho thiy viéc
ting ham luong tro bay trong hon hop gach
khong nung c6 xu hudéng lam gidm muc do
ddc chic cua ciu trac vat lidu, dic biét 1a &
giai doan dau cta qua trinh dudng ho. Piéu
nay c6 thé dugc 1y giai boi tro bay loai F ¢o
hoat tinh thép hon so véi xi 10 cao nghién min,
dan dén téc d6 hinh thanh san pham phan tng
ban dau chim hon.

3.5. D6 co khé va do mat khoi lwong

Anh huéng cta ham luong tro bay dén do
co kho ciia miu gach khong nung duoc thé
hién & Hinh 6. Do co kho cua tat ca céac cép
phdi gach tang khi thoi gian dudng ho ting
do qua trinh mét nudc va kiém hoat héa dién
ra theo thoi gian. P9 co kho déu dat yéu cau
cho phép dudi 0,065% dua theo quy dinh cua
tiéu chuan My ASTM C90. Ham lugng tro
bay thay thé cang ting thi 46 co khé cta gach
khong nung giam. Nguyén nhén la khi thém
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tro bay (dac bi¢t loai F) c6 hoat tinh thép,
phan tmg kiém chdm hon xi 16 cao nén dan
dén giam co ngot. Mit khac, xi 10 cao nghién
chtra nhiéu CaO, nén tao nhiéu C-A-S-H gel,
loai gel nay khi hinh thanh c6 xu hudéng co
ngét nhiéu do cau tric day dac va hat nude
manh. Hinh 7 biéu dién xu thé trai nguoc cua
d6 mat khéi lugng cua céac mau gach so voi do
co kho. Tir két qua thuc nghiém trén ta thiy
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ham luong tro bay cao dan dén d6 mat khi
luong ting. C6 thé giai thich hién tuong nay 1a
do khi thay thé xi 16 cao nghién bang tro bay,
cau trac gel thay doi tir C-A-S-H gel dic chac
sang N-A-S-H gel it dac hon. N-A-S-H gel tao
ra cdu tric mao dan rong hon, lam cho nudc
béc hoi dé hon khi bao dudng trong didu kién
kho dan dén ting do mat khéi luong.
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Hinh 7. 6 mit khi luong cua gach khong nung

4. KET LUAN

Nghién ctru phat trién gach khéng nung
su dung chit két dinh kiém hoat héa tir phu
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pham trong san xuat cong nghiép nhu tro bay
va xi 10 cao nghién dat dugc mot sb két qua
nhu sau:



Tap chi Khoa hoc va Cong nghé Truong Pai hoc Xay dung Mién Tay (ISSN: 3030-4806)

1. Su tdng 1én ham luong tro bay lam giam
khéi luong khéi luong thé tich va lam ting
nhe do hut nudc cua gach khdong nung nhung
van thip hon mirc cho phép cia TCVN 6447.

2. Cudng d6 chiu nén va chiu ubn cua
gach khong nung sir dung chét két dinh kiém
hoat hoa giam tir 7.53 dén 10.97 MPa va tur
5.50 xudng 4.03 MPa khi ham lugng thay thé
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