NGHIEN CUU KHOA HOC

NGHIEN CUU PHAT TRIEN VAT LIEU KHONG NUNG KHONG CAN HI MANG -
GACH LAT Vi HE TU VAT LIEU GEOPOLYMER

LAM QUY THUONG*, LE HUYNH KHANH DOAN, NGUYEN NGOC QUYNH CHI, HOANG THANH MAI, BUI QUOC BAO
KHOA KY THUAT CONG TRINH, TRUONG BAIHOC TON BUC THANG

Tom tét

Gach thudng dugc sit dung trong nganh xay dung. Mic du gach dat sét nung truyén théng cé nhiéu uu diém, nhung viéc san xudt gach dat
sét nung lai dan dén mat dat néng nghiép va thai ra mét lugng I16n CO2 trong qua trinh nung. Do d6, trong nhitng nam gan day, gach dat sét
nung da dugc yéu cau thay thé bang gach khéng nung. Cac loai gach khéng nung phé bién bao gém gach xi mang, gach bé téng khi chung ap
va gach bé tédng nhe. Mic du nhiing loai gach nay khéng nung, nhung lugng xi mang st dung van rat dang ké. Viéc san xuat xi mang Portland
thai ra mét luong 16n CO2, giy 6 nhiém méi truéng va gép phan phat thai khi nha kinh. Do d6, viéc gidm tac déng ctia xi mang Portland hoac
tim chat két dinh thay thé xi mang Portland dang dugc tim kiém trén toan thé giGi. Pham vi chinh cia cudc diéu tra hién tai la kham pha tng
dung clia geopolymer dé thay thé xi mang trong san xuat vat liéu khéng nung, cu thé Ia gach lat via hé (gach lat san, gach 6p tudng). Nhém
nghién cttu str dung tro bay (FA) trong qua trinh san xuat dé tao ra geopolymer. FA Ia cht thai dugc tao ra trong qua trinh dét than tai cacnha
may nhiét dién. Lugng FA phat thai tif cic nha may nhiét dién & Viét Nam la dang ké. Viéc st dung FA trong san xuat vat liéu xay dung ciing
g6p phan tai ché cac san pham phu clia cdng nghiép, do d6 lam gidm tac déng dén mai trudng. Dau tién, thanh phan clia geopolymer da dugc
nghién ctiu va téi uu héa. Cudng dd nén clia bot geopolymer thu dugc la 60MPa. Sau d6, gach via hé da dugc san xuat tir bot geopolymer. Mot
56 khia canh lién quan dén cac san pham thu dugc (hoan thién, thim my...) dugc trinh bay va thao luan.

Abstract

Bricks are commonly used in the construction industry. Although traditional clay fired bricks have many advantages, the production of clay fired bricks
leads to loss of agricultural land and emits a large amount of CO2 during the firing process. Therefore, in recent years, fired clay bricks have been required
to be replaced by non-fired bricks. Common types of non-fired bricks include cement-based bricks, autoclaved aerated concrete bricks, and lightweight
concrete bricks. Although these bricks are non-fired, the cement amount used is still significant. The production of Portland cement emits a large amount
of CO2, causing environmental pollution, and contributing to greenhouse gas emissions. Therefore, reducing the impacts of Portland cement, or finding
an alternative binder to replace Portland cement are being sought worldwide. The main scope of the present investigation is to explore the application of
geopolymer to substitute cement in the production of non-fired materials, specifically pavement bricks (flooring tiles, wall tiles). The research team utilizes
fly ash (FA) in the production process to create geopolymers. FA is the residue produced during the coal combustion process in thermal power plants. The
amount of FA emitted from thermal power plants in Vietnam is significant. Utilizing FA in the production of building materials also contributes to the
recycling of industrial by-products, thereby reducing the environmental impacts. First, the composition of geopolymer was investigated and optimized.
The compressive strength of geopolymer paste obtained was 60MPa. Then, the pavement bricks have been produced from the geopolymer paste. Several
aspects relative to the products obtained (finishing, aesthetic. . .) are presented and discussed.

GIOI THIEU

eopolymer la mot loai vat liéu

xdy dung ngay cang phd bién

trong nghién cliu va Uing dung.

Vat liéu clia nd thuong duac

lam turaluminosilicate dong vai
tro la tién chat. N6 sé dugc két hgp véi chat
l6ng hoat hoa bao gébm natri hydroxit va
dung dich natri silicat [1]. Do do, gidm phat
thai carbon dioxide (CO2) ¢ thé duoc coi la
mot sang kién than thién véi moi trudng so
VGl xi mang. Hon nla, cdng nghé nay dang
dugc quan tdm trong nhiéu linh vuc Ung
dung khéc nhau nhu vat liéu chéng chay,
gbém su gia ré, bo loc chiu Ita va tdm nhe
dé cach nhiét va cach am [2]. Theo Hiép
hoi Nang lugng Viét Nam, tro, xi clia cac
Nha méay Nhiét dién Duyén Hai dat chuan
theo TCVN 12249:2018, QCVN 16:2023/BXD,
dugc cap gidy chiing nhan hgp chudn dat
theo TCVN 12660:2019.
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Nghién cliu nay dé xuat tao ra cac vién gach
4t nén dudng, san vuon vai kich thudc nhu
mau thuc t& dugc lam tir vat liéu geopoly-
mer c6 thanh phan nguyén ban nhat bao
goém tro bay loai C, natri hydroxit, dung
dich natri silicat va nudc. Nghién ctiu quan
sat mot s& dac diém clia cac vién gach, xac
dinh mot vai van dé phat sinh va cai thién
dan chéat lugng san pham. Nham muc tiéu
tim ra phuong an Uing dung cac vién gach
v&i hoa van dep phu hgp cho khong gian
ngoai va ndi that.

DU LIEU THi NGHIEM

Vat liéu

Tro bay (FA)

Theo TCVN 10302:2014, tro bazg, tro ¢

ham lugng CaO I6n hon 10%, la tro bay
loai C, phu hgp, thuan lgi cho nghién cly,

dugc st dung két hop trong qué trinh tao
ra cac loai gach khéng nung trong xay
dung. Cac chi s6 co ly cla tro bay tai nha
may Nhiét dién Duyén Hai, Tra Vinh dugc
thé hién trong (bang 1) [3].

Dung dich hoat héa kiém (AAS)

Trong qué trinh chudn bi dung dich NaOH,
NaOH bot rén dugc hoa tan trong nudc
véi binh ¢ dinh luong tinh todn. Nong do
NaOH dugc st dung trong nghién cltu nay
la 8M. Chat hoat hoa kiém alkaline activator
solution (AAS) vdi su két hgp clia NaOH va
Na2SiO3 dugc chudn bi ngay trudc khitron
VGi tro bay FA. Viéc bé sung natri silicat la
dé tang cudng qué trinh tao geopolymer.
Ty 1é rén/ldng dugc nghién ciu bang cach
c6 dinh ty 1é natri hidroxit (NaOH) vai natri
silicat (Na2SiO3) & muic 2,5 theo khéi lugng,
Ty |& khéi luong clia Na2SiO3/NaOH la 2,5
[4], [5]. Khi ty 1&é Na2SiO3/NaOH tang tu 1

*Email: lamquythuong@tdtu.edu.vn



STT Chi tiéu thi nghiém Phuong phap th Bonvi | KQthinghiém
1 D6 am TCVN 7024:2013 % 0.26
2 Khéi lugng thé tich x&p Kg/m? 940
3 Ty trong TCVN 4030:2003 g/cm? 2.21
4 DO min (lugng sét trén sang 0.08) TCVN 4030:2003 % 2.1
5 Ham lugng mat khi nung TCVN 8262:2009 % 8.27
6 Ham lugng SiO2 TCVN 8262:2009 % 81.60
7 Ham lugng Fe203 TCVN 8262:2009 % 81.60
8 Ham lugng Al203 TCVN 8262:2009 % 81.60
9 Ham lugng SO3 TCVN 141:2008 % 0.49
10 Ham lugng CaO TCVN 141:2008 % 12.00

dén 2,5 thi cudng dé nén giam [4]. Nhém
nghién cliu chon ty lé 2,5 dé xac dinh muc
d6 bén clia cac vién gach geopolymer vai
kha ndng thap nhét. Vé co ban, qué trinh
luu hda ban dau & nhiét do cao (80°C) kich
hoat cac qua trinh tao geopolymer.

Ty 1é khéi lugng clia tro bay/chét hoat hda
kiém, FA/AAS a 2,5 [6], [7]. Nhém nghién
clu chon ty lé 2,5 dé tiét kiém kinh t&, giam
gia thanh vi diing nhiéu thily tinh long hon,
gid thanh mua ré so vdi tro bay. Thiy tinh
ldng Na2Si03 26% thuan Ioi duoc mua tai
cac cla hang. NaOH dang bét ran NaOH
96%, san xudt tai Trung Qudc. Nudc dugc
st dung dé pha dung dich NaOH 1a nudc
may, nudc sinh hoat binh thuodng tai phong
thi nghiém thuc hanh. Khéi lugng chét ran
NaOH trong dung dich thay déi tly thudc
vao néng dd clia dung dich dugc biéu thi
theo don vi mol (M). Vi nghién cdu nay st
dung dung dich NaOH cé ndng dé 8M bao
gom 8x40 = 320g chéat ran NaOH (dang bot)
trén moét lit dung dich, trong do 40 la khéi
lugng phan tr ctia NaOH. Khéi lugng chat
ran NaOH dugc do & mét nghién clu thuc
€ la 262g trén mot kg dung dich NaOH o
néng dé 8M [8]. Vivay, luong nudc va NaOH
dang bét sé can do dua trén sé g NaOH
trong mét kg dung dich NaOH & trén.

Ddc diém cda geopolymer
San xudt mau geopolymer

Cudng dd nén cua via geopolymer la
mot thong sé quan trong déi véi cudng

Bdng 1. Két qua thi nghiém tro bay

dd nén cla bé toéng geopolymer thu
dugc. DE cung cap thong s6 nay trong
moé hinh du doan cuong dé nén, cac
mau c6 kich thudc 4x4x16cm da dugc
san xudt. Vi van chua co tiéu chudn
cho céac th nghiém trén via/hd geo-
polymer, vita geopolymer khéng chia
cat: chi sir dung FA va AAS, bang cach
st dung ty 1& AAS/FA 1a 04, giéng nhu
trudng hop bé téng geopolymer cot liéu
tai ché da duoc thd nghiém [9].

Thi nghiém nén mot truc

Céc thi nghiém da dugc tién hanh dé xac
dinh cudng dé clia bét nhao geopolymer
Vai ty [é AAS/FA = 04. Cudng do nén & 3,
7, 14 va 28 ngay dugc thé hién trong hinh
1 [9], cudng dd6 nén nam trong khodng
50-60 MPa. Két qué cho théy su tién trién
chung vé cudng dé nén clia cac mau viia
va bot nhdo theo thai gian; cudng do nén
tang nhanh cho dén ngay tha 7 doi voi
cac mau bot nhao/viia geopolymer, va
sau do su tién trién cham hon. Sau do, anh
hudng dang ké ctia qua trinh xur ly nhiét
dén cuong dé nén dugc quan sét thay: déi
véi cd mau via (co cat) va mau bot nhao
(khong co cét), qua trinh xUr ly nhiét lam
tang cudng do nén khodng 10-12% [9].

San xudt vit liéu xdy dung khéng nung
Sdn xudt cdc vién gach

TU muc tiéu nghién clu xem xét kha
nang Ung dung nhing vién gach geo-
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Hinh 1. Cudng d¢ nén cua via geopolymer

polymer c¢ kich thudc tuong duong vai
cac vién gach dung dé lat duong, san
vuon trong thuc t€, nhu 400x400mm
hay 600x220mm va lua chon khudn duc
phl hop (sét, gb, nhém va nhuya), nhém
nghién cdu da chon khudén nhua cé kich
thudc phu hop vaéi hoa van dep (hinh
2a), dac biét la hoa van giad gb (hinh 2b).

Thé tich cla vat mau nghién clu V (m?),
cac khudn mau cé kich thudc dau vao la
mm, sé dugc quy déi sang m dé thuan
loi cho céc tinh todn. Ty trong, khéi
lugng thé tich D (kg/m?) dugc dua vao
bang 1, thong sé ky thuat cla tro bay.
Khéi luong mau G (kg), dugc tinh theo
cong thuc G=VxD.

TU lya chon hdn hop geopolymer phu
hgop, nhdm nghién ctu da tinh toan dugc
khéi luong clia 4 thanh phan dau vao la
tro bay, natri hydroxit, dung dich natri sil-
icat va nudc (bang 2). Mdi vién gach co
khoi lugng khac nhau, nén dugc can do
tung thanh phan riéng, nhung thai gian
thuc hién ddc 3 vién gach la gan nhau.
Dung dich kiém AAS (kg) duoc tinh bang
cong thuc AAS=(G/(FA/AAS)+1). Tro bay
FA (kg) dugc tinh theo cong thiic FA=G-
AAS. Ty 1& khoi lugng clia Na2SiO3/
NaOH la 2,5. Dung dich NaOH (kg) dugc
tinh bang cong thic (Dung dich NaOH)
= AAS/((Na2SiO3/NaOH)+1). NaOH rén
dang bt (kg) dugc tinh bang cong thic
NaOH (rdn)= 0,262*(Dung dich NaOH).
Lugng nudc dugc st dung dugc tinh
qua cong thuc Nudc (kg) = (Dung dich
NaOh)-NaOH(rdn). Cuéi cling thay tinh
l6ng  (kg) Na2Si03=AAS-NaOH. Qua
trinh can do va phan loai vat liéu dién
ra truéc mot ngay dé dam bao sé luong
vat liéu va trang thiét bj day dd.

Nghién cltu thuc hién trong hai giai
doan, giai doan dau la 3 mau va giai doan
hai la 3 mau co6 diéu chinh do day vién
gach (bang 2). Bon vi tinh la mm. Mau 1:
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Hinh 2a. Mdu khuén gach 400x400mm

Hinh 2b. Khuén gach hoa vdn gé 600x220mm

Giai doan dau

Mau 1 Mau 2 Mau 3
Dai (mm) 400 400 600
Rong (mm) 400 400 220
Day (mm) 15 15 20
Thé tich (V) (m?) 0.0024 0.0024 0.00264
Ty trong, khéi lugng thé tich (D) (kg/m?) 2210 2210 2210
Khéi lugng mau (G) (kg) 5.304 5.304 5.834
Ty 1& FA/AAS 2.5 2.5 2.5
Dung dich kiém AAS (kg) 1.515 1.515 1.667
*Tro bay FA=G-AAS (kg) 3.789 3.789 4.167
Ty 1é Na25i03/NaOH 25 25 25
Dung dich NaOH 0433 0433 0476
*NaOH thé ran (kg) 0.133 0.133 0.125
*Nudc (kg) 0.320 0.320 0.351
*Thay tinh long Na25i03 (kg) 1.082 1.082 1.191

Bdng 2. Kich thuéc cta cdc vién gach geopolymer dugc tao ra tir khudn duc bdng nhua
* cdc nguyén ligu dau vao can can do dé tao hén hop geopolymer

400x400x30, Mau 2: 400x400x30, Mau 3:
600x220x30. Tuy nhién, qua trinh nghién
clu va ddc mau, khong st dung hét do
day ctia khuoén, nham tim ra kich thudc
pht hgp va tiét kiém nguyén liéu dau vao.
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Vi chua xac dinh chinh xac muic do bdm
dinh clia hén hop geopolymer vao
khuoén nhua, cé thé bi &nh hudng dén
hoa van cua vién gach, lam giam tham
my clia san pham trang tri, nNhom nghién

clu da st dung sap, nung néng chay va
quét trén cd 3 khuon nhua. (hinh 23, 2b)

Dung dich NaOH dugc pha thuc hién tu
ngay hoém trudc, vi dung dich néng trén
80°C nén can thoi gian dé lam nguoi.
NaOH dang bét rén dugc can do ky cang
va ddt vao 3 ca nhua riéng dung cho 3
mau gach khac nhau. Sau dé pha véi nuéc
dung khaéi lugng da tinh todn, nudc nay la
nudc sinh hoat, dugc lay truc tiép trong
phong thi nghiém, khéng phai la nudc
cat. Nhém nghién ctru muén xac dinh
hinh thanh geopolymer trong diéu kién
thuc t& nén nudc sinh hoat theo chuédn
binh thuong duagc lay, khong doi hoi chét
lugng nhu nudc cat. NaOH hoa tan manh
liét v&i nudc va gidi phédng mot lugng
nhiét I6n, vi vay can dé dung dich gidm
nhiét nhiéu trong mét ngay. Tuy nhién, vi
dé dung dich NaOH ngudi tu nhién, khdng
lam mat bang nudc da, khong day ndp ca
nhua chta dung dich, dudng nhu nudc da
bay hai, lam cho dung dich NaOH bi déng
dac. Luc nay can dung daa thay tinh dé
khudy déu, dung dich NaOH dan chuyén
vé dang léng, tuy nhién van cé mét phan
con déc sét. Vi diéu nay, nhom nghién ctiu
da quyét dinh can lai NaOH ctia mau gach
s6 3, pha véi nudc va dé cho lam mét bang
quat trong 3 gig, trudc khi pha tron hén
hop dung dich kiém AAS va geopolymer.

Tro bay dugc can do xong (nhu da tinh
todn & bang 2 va tach riéng cho 3 mau
gach) la tién hanh dugc nghién ra cho
min, Vi dé trong bao, tro bay déng thanh
nhiéu cuc lén. Qua trinh nay thuc hién
th cong bang bay tron hé va dap bang
bua cao su.Viéc nay thuc hién phu thudc
vao do ti miclia nhém nghién ctru va dé
phat sinh rdi ro van con sét lai mot vai
cuc nho chua dugc lam min. Van dé nay
anh hudng dén chét lugng vién gach.

Dung dich kiém AAS dugc pha bdng
cach cho thuy tinh léng vao dung dich
NaOH, khudy déu dé dung dich c6 chét
luong tét nhat co thé. Qua trinh van con
phét sinh nhiét. Cac dung dich kiém cua
tung mau gach dugc dé rieng va duoc
st dung theo thu tu.

HAN hop geopolymer dugc trén (Hinh 3)
bang cach cho dung dich kiém vao tro
bay, tron déu nham dam bao dugc tro
bay két hop tét vai dung dich kiém. Mau
s6 1 duoc tron véi dung dich NaOH déc
sét. Mau s6 3 co do day 20 dugc tron, lam
th cong chua co kinh nghiém xur ly do



min, dac sét clia hdn hop, phét sinh viéc
tro bay con vén cuc nho, anh hudng dén
san pham sau nay. C4c mau sé 2, nhém
nghién clu thao tac quen tay va ky hon,
nén san pham tao ra khéng phét sinh van
dé von cuc tro bay. Cac mau gach dugc dé
kho tu nhién, khdng cé qua trinh gia nhiét
trong 10 nung, cudng do chiu nén cla
gach tang theo thdi gian, dé san phdm
nhu diéu kién thuc té.

San xudt cdc vién gach ldat via he

Giai doan hai dugc thuc hién sau khi

- _ diéu chinh do day cla cac mau gach.
Hinh 3. Qud trinh can cdc thanh phdn nguyén liéu thé cia hén hop geopolymer Cac budc tinh toan va tao mau gach
tuong tu nhu giai doan mét, thong sé ky
Giai doan diéu chinh thuat thé hién qua bang 3, qua trinh ché
tao mau (Hinh 4).
Mau 4 Maus5 | Maué KET QUA VA THAO LUAN
Dai (mm) 400 400 600 Cudng dé nén ctia geopolymer dugc
nghién ciu
ROng (mm) 400 400 220
Cudng ddé nén cla bdt nhdo geopoly-
Day (mm) 20 20 25 mer phai dugc xac dinh. Két qua cla
bot nhdo/viia geopolymer vai AAS/FA =
Thé tich (V) (m?) 0.0032 0.0032 0.0033 0,4 (3 28 ngay). Trong cac phuong trinh
tinh todn, cuong dd nén cla nén chat
Ty trong, khéi lugng thé tich (D) (kg/m?) 2210 2210 2210 két dinh (xi mang cho bé tong xi mang
thong thuong) dugc xac dinh, do dé
Khoi lugng mau (G) (kg) 7.072 7.072 7.293 déi vai bé téng geopolymer, hop 1y la
cudng dé nén clia bot nhao geopoly-
Ty 1& FA/AAS 25 25 25 mer (khong co cét) cling xac dinh tuong
tu . Két qua clia cac mau bot nhdo geo-
Dung dich kiém AAS (kg) 2.021 2.021 2.084 polymer dugc trinh bay trong Bang 4 [9].
*Tro bay FA=G-AAS (kg) 5.051 5.051 5.209 Két qua thi nghiém trén cdc vién gach
khéng nung
Ty 1& Na2Si03/NaOH 25 25 25
Sau khodng 7 ngay khéng ngam nudc,
Dung dich NaOH 0.577 0.577 0.595 7 ngay ngam nudc bdo dudng, 15 ngay
théo ting vién gach ra khoi khuon dé
*NaOH thé ran (kg) 0.157 0.151 0.156 noi thodng mat va cac mau gach da
dugc lam sach sdp con dinh trén hoa
*Nudc (kg) 0.426 0426 0439 van vién gach (hinh 2a), nhém nghién
cltu da tién hanh kiém tra kha nang chiu
*Thay tinh Iong Na2SiO3 (kg) 1444 1.444 1488 luc clia cac vién gach khi dat trén cac bé

mat khac nhau (hinh 5).
Bdng 3. Kich thudc cta cdc vién gach geopolymer duoc tao ra ti khuén dic bdng nhua

*- cdc nguyén ligu dau vao can can do dé tao hdn hop geopolymer Mau s6 1 co do day 15mm, dat trén nén
bé tong clia ham phong thi nghiém. Vi
mau geopolymer don nén khi dgt manh,
S6 ngay khong can than xudng nén bé tong, rat
Diéu kién bao quan cling, vién gach da bi bé ngay goc. Sau
3 7 14 28 dé nhém nghién cdu dem mau gach
dén khu vuc cd nhan tao, cling bén dudi
Ma&i trudng binh thudng 19.2 385 44.6 485 va ¢6 nhua mém bén trén, chiu khoi
luong trén 50kg.

Bdng 4. Cuong do nén cua geopolymer

$6256-2025 | VIETNAMARCHILVN | 77



[£] NGHIEN cUU KHOA HOC

CcHIU BUQC XE MAYZRY QUA
gie DAT, O BEN DEEERRHANG /

Hinh 5. Thuc nghiém trén gach khéng nung thu duoc

Mau s6 2 c6 do day 15mm, dat lén nén
cd mém, bé mat dat bang phéng, vién
gach hai hoa trén mat dat, san vuon. Dat
can than trén cic bé mat cd, dat khac
nhau déu én, gan gai vdi thién nhién do
mau gach nhu mau dat. Véi khéi lugng
khodng 45-50kg, vién gach hoan toan
binh thudng, tuy nhién véi khéi lugng
trén 80kg thi vién gach v& ngay goc.

Mau s6 3 c6 do day 20mm, tuong tu dat
tai cac vi tri gibng mau s6 2. Mau gach
hoa van gia g6 rat dep khi dat trén san co,
hai hoa thién nhién va cadnh quan xung
quanh, tiém nang Uing dung rat I6n. Khéi
luong 45-50kg dilén, di xudng lién tuc, ké
ca budc lén vi tri mép vién gach van chiju
luc. V&i khéi luong trén 80kg, vién gach
chiu luc tot, cdm gidc budc lén ém. Khi
dat xe mdy hon 150kg di qua, vién gach
ndy 1én, xe tiép tuc di qua ma khéng hé
bi anh hudng gi, kha nang chiu luc rat
t6t. Néu dat ky trén nén dat, khong dé
vién gach bi ndy 1én, khd nang lam viéc
sé tét hon na. Cudi cling la thi nghiém
tha ngang tU trén cao, bé mat bén dudi
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khong déu, vién gach b tach déi ngay lan
th&r nghiém dau tién. Tuy nhién, nh vién
gach gay déi mai phat hién tro bay con
von cuc, khéng phan Ung vai dung dich
kiém va anh hudng nhiéu dén chat luong
vién gach. Vién gach sé chiju luc tét hon
néu xt ly ki d& min tro bay va tang do
day cho vién gach.

Thdo ludn

3 mau gach déu dugc dé kho ty nhién,
dé noi thoang mat, khéng bi énh sanh
mat troi chiéu truc tiép. Sau 1 tuan, quan
sat thay co mét s6 van dé xudt hién: mau
1va 2 conhiéu mang vét mau trang, mau
56 2 bé mat khong phéng, co nhiing cuc
néi, mau s& 1 bé mat cé nhiéu vét ran,
khéng min, mau s6 3 bé mat nhiéu 16,
khong phang (hinh 6). Nhing véan dé
trén la do trong qua trinh thuc hién dé
khuén mau va bdo dudng san pham
chua chuan. Cu thé nhu sau:

- Nhiing mang, vét 6 trdng chinh la bot
NaOH du con sét lai, cd thé do nudc

bi bay hoi hodc tinh todn ti 1&é NaOH bj
nhiéu hon thuc té can, phan Ung vai
tro bay khong hét, du ra, phan ung vdi
C02 tao thanh mudi va ndi trén bé mat.
Thém nla do khéng bdo duéng, khéng
dé nudc ngam trén bé mat, khong lam
hoa tan NaOH du, lam anh hudng dén
thdm my. Khi dugc bdo dudng thi bé
madt sach va an toan cho ngudi st dung,
khong bj xut dn da.

- B& mat bj vé&t ran 1a do sau khi duc
thanh vién gach, van con phat sinh
nhiéu nhiét, khéng kip bado dudng bé
mat khi sdn phdm da bat dau déng cing
(khodng 6h sau khi duc khuén), khéng
dugc ngam trong nudc. Khi dugc bdo
dudng, ngam nudc nhiéu ngay, bé mat
it kho, cai thién hon.

- Bé& mat nhiéu kh6i néi 1én hodc cod
nhiéu 16, khéng phéng la do qua trinh
duc khuon, nhiéu khi duoc sinh ra
nhung khong dugc thoat hét, dén khi
dong cdng tao ra nhu vay. Khi nay cé
thé t&r dung dich NaOH hoac dung dich
kiém AAS chua khudy ki, con sot bong
bong khi va qua trinh trén vai tro bay,
khong khi khéng thodt ra dugc. Du khi
nay nhe, tu ndi 1én va thoat di khi duc
khuén gach, nhung khéng phai tét ca
déu bay ra nhanh hodc bi bam dinh va
khong né kip. Dan dén bé mat nhiéu 16
hodc nhiéu khéi ni.

Cac van dé nay hoan thanh cé thé khéc
phuc dugc khi thao tac pha tron tét hon
va bdo dudng sau khi duc khuén gach
ky, dung thai gian hon (Hinh 7).

Qua trinh thyc nghiém tao méau dugc
kiém sodt chat ché hon, cong tac bao
dudng tét hon va tang dé day clia vién
gach khéong nung, chat lugng san pham
cai thién dang ké. Ban dau khi dung tro
bay, da bép min va dung bua cao su dé
dap, nhung khong kiém sodt hét mot
vai vién tro bay con sot lai, con vén cuc,
lam giam do bén, nhém nghién clu
dung ray 4.5 dé sang min tro bay, dam
bdo khoéng con nhiing cuc nhd, dadm
bdo dd min, tang kha nang phan Ung
tao hén hop geopolymer. Déi véi hon
hop NaOH ran khi pha tron véi nudéc,
sinh ra nhiéu nhiét, anh hudng dén san
pham, vi ly do nay dé dung dich NaOH
gidm nhiét ty nhién 24h, phat sinh
ra viéc bay hoi moét lugng nudc, anh
hudng dén du NaOH trong phan tng
tao geopolymer. D€ han ché viéc nay,



Hinh 7. Cai thién chdt luong san phdm cdc vién gach mdau nghién cuu

nhém nghién cdu da quat gidm mot
phan nhiét trong vong 3h réi cho trén
vdi thly tinh 16ng Na2SiO3 sém, giup
tao hoén hgp sém, giam mat hoi nudc
va tang khd ndng phdn Ung vdi tro bay.
Trong qua trinh phdn Ung tao thanh
geopolymer ctia hdn hop, sinh ra nhiéu
khi, hinh thanh bong bdng khi trong
vién gach, néu dé khi ndi lén, thoat
ra tu tU tu nhién, lic déng cung bién
déi chat rdn clia hén hop geoplymer
bi nhiéu 16 trén bé mat. Gidi phap cho
viéc nay la rung l3c khuén gach, cho
bong bdéng khi mau néi 1én, chat lugng
bén trong tét hon va bé mat lang min
hon rat nhiéu. Vién gach tang kha nang
chiu luc khi dé day khodng 25mm, han
ché cac vét nut tu chinh cac vét ranh
hoa vdn vién gach. Bé mat dat cac vién
gach trong san vudn can lam ky dam
bdo bang phdng, khong bi chénh léch,
khong lam nut gay vién gach dot ngot.
Hoa vén gia go rat pht hop cho bo tri
gach trang tri trong khéong gian san

VUGN ngoai, ndi that. DE tang cudng
khad nang chiu luc nén két hop vdi cot
liéu tu nhién khac, lam gidm di tinh don
cla vat liéu thuan geopolymer.

KETLUANVA HUGNG PHATTRIENTUONG LAI

Nghién ctu trong 2 giai doan vd&i do day
clia mau gach khoéng nung tr 15-20mm
dén 20-25mm. Dung nhing khuon
nhua c6 hoa vdn dep, vdi kich thudc da
dang (vuéng hodc chr nhat), bang cach
pha tréon va kiém soat dé min, khéng bi
von cuc cla tro bay va hon hop vat liéu
geopolymer, khudy déu va lac khuon
gilp thodt bong boéng khi sé tao dugc
mau gach lat san vuon va via he c6 do
bén t6t, chiu dugc va dap va vat nang
chuyén dong. Nghién ctu da chi ra viéc
lya chon vi tri d&t vién gach lat nén cé
|6p dat nén c6 dd min, 16p cé khong bi
lan 16n vai da va soi nhoé, bé mat phéng,
xU Iy ky, khéng bi nhdp nho, nhing
diéu nay sé gilp tang dd bén cho vién

gach. Vién gach dé day phu hop khodng
2,5cm sé chiu dugc khéi luong lén (45-
80kg), tham chi xe may chay qua. Viéc s
dung vat liéu geopolymer Uing dung san
xuat gach khéng nung, gach &t nén cho
dudng di, san vudn hoan toan cé co s va
hop ly, khd nang Ung dung cao. Vat liéu
geopolymer gép phan gidm phat thai
CO2 ra mdi trudng. Néu tiép tuc két hop
nghién cliu dua vat liéu rac thai khac nhu
x6p, nhua - nhiing th dugc thu gom tir
rac sinh hoat va don vé sinh cac bai bién,
dong kénh rach - vao trong hén hop
geopolymer dé trang tri, vién gach c6 thé
dep hon, gidm dugc chi phi cac thanh
phan va dac biét lam mai truong sach
hon. 0 méi dia phuong cé diéu kién thé
nhudng khac nhau, c6 thé nghién cuu
két hop tro bay véi céc loai dat dé tao ra
cac vat liéu ciing hon va st dung trong
xdy dung, trang tri cdc cong trinh./.
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