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San xuat gach khéng nung tu bun thai nha may
nudc cap, tro bay nha may nhiét dién va tro trau

Manufacturing of adobe bricks using waste sludge from water treatment, fly ash from

power plant, and rice husk ash
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TGM TAT

Bun thai nha may nudc cép, tro bay nha may nhiét dién, tro tréu duoc
st dung lam cét ligu de thay the cat va mat phan xi mang trong céc thi
nghiém sén xuét gach khang nung. Mau gach thanh phdm thu duoc tr
céc thi nghiem sé dugc phan tich cueng da chiu nén (sau 3, 7, 28, 81
ngay) va dd thém nude (sau 28 ngay) dé cd co si so sanh céc tinh chat
cor Iy theo tigu chudn qudt gia TCVN 6477:2016 vé gach be tong. Két quéa
cho thay bun thai va tro bay cd tinh kha thi dé sir dung phdi trin ciing
céc vat ligu cép phdi truyén thang, nguoe lai, tro tréu khang the hien
tinh hiéu qué do cuamng da chiu nén cia gach thanh phdm do duoe tvong
ddi thap. Cu the mAu gach M4 ca cép phdi (theo ty 2 khai lrong) gdm
bun thai (20%) - xi méng (20%) - da mi (60%) ca cuing da chiu nén
tat, dat 1.5 kN/cm? sau thiri gian duing ha 91 ngay. Déi vai tro bay, méau
M8 twong tng vai ty & gam 20% tro bay - 20% xi mang - 60% da mi
cho ket qué cuimg da chiu nén cao hon, dat 3.30 kN/cm?. Thi nghiem
do df thdm nude cho thdy cac mau gach ca cdt ligu bon thai ca tinh
tham tdt hon so vai cac mau sir dung tro bay. Nhitng ket qua thu duge
tir nghién ciru nay sé 13 co st khoa hoc cho vigc téi sir dung céc ngudn
chat thai ndi trén trong san xuat gach khang nung, gop phan dem lai loi
ich kinh t& va giam thiéu 6 nhigm mai trugng.

Tir khda: Gach khang nung; bun thai nha may nwéc cép; tro bay, tro
tréu; cuang dd chiu nén

ABSTRACT

Sludge generated from water treatment plant, plant fly ash from thermal
power plant, and rice husk ash were utilized as aggregates to replace
sand and a portion of cement in adobe brick production experiments. The
resulting brick samples were analyzed for compressive strength (at 3,
7,28, and 91 days) and water permeability (at 28 days) to compare their
physical and mechanical properties against the national standard TCVN
64772016 for concrete bricks. The results indicate that sludge and fly
ash are feasible for mixing with traditional materials; however, rice husk
ash was not effective due to the relatively low compressive strength of
the brick products. Specifically, sample M4, with a aggregate ratio (by
weigth) of 20% sludge - 20% cement - 60% crushed stone, exhibited a
good compressive strength of 1.5l kN/cm? after a 31-day curing period.
Regarding fly ash, sample M8 (comprising 20% fly ash - 20% cement -
60% crushed stone) achieved a higher compressive strength of 3.30
kN/cm?. Water permeability tests revealed that samples containing
sludge aggregate possessed better permeability as compared to those
using fly ash. The findings of this research provide a scientific database
for the reuse of waste sources in adobe brick production field, contribute
to economic benefits and mitigate environmental pollution.

Keywords: Adobe bricks; sludge from water treatment plant; fly
ash; rice husk ash; compressive strength

1.TGNG QUAN

Viéc san xudt vat liéu xay dung than thién véi méi trudng, dac
biét la théng qua téi ché chat thai cong nghiép va ndng nghiép, la
mot hudng nghién ciu mang tinh ting dung cao nham thay thé vat
liéu xay dung truyén théng (cat, dat sét, xi-mang).

Bun thai tr qua trinh x{ ly nudc cap & cac nha may nuéc hién
nay la mot nguon tai nguyén co gia tri. Khéi lugng 16n bun can dugc
tao ra trong qua trinh x{r ly nuéc la rat |6n, trung binh khodng 4-8%
luu lugng nudc sach san xuat [1]. Nho sy tuong dong trong thanh
phan hoa hoc, véi ham lugng vé ca cao, dac biét la khoang chat Silic
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(chiém hon 50% thanh phan hoa hoc) - la khoang chat quan trong
quyét dinh dén cudng d6 chiu luc ctia gach thanh pham, nén viéc
tai st dung bun thai tir nha may nudc hodc phai tron vdéi cac vat liéu
b6 sung khéc (vi du, tro day 16 d6t rac thai dé thi, tro trdu) dé san
xuat gach da dugc moét s6 nghién ctu thuc hién [2-51. Tuy nhién, qua
trinh san xudt gach truyén théng nay yéu cau vé nhiét d6 cao dé
dam bao d6 cting va d6 bén clia gach nung, dan dén nhimng van dé
6 nhiém khong khi, Ia mét trong nhiing han ché ctia cac nghién ctu
noi trén. Do d6, viéc nghién ctu san xuat gach khéng nung (GKN)
khong phat thai chat thai déc hai dang dugc nhiéu su quan tam.
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Bén canh do, theo s6 liéu thong ké va udc tinh clia Lién hiép cac Hoi
Khoa hoc va Ky thuat Viét Nam (VUSTA), tir nédm 2025 dén nam 2035,
lugng tro xi thai phét sinh tir cdc nha may nhiét dién than tai Viét Nam
la khodng 12,00-14,48 triéu tan tro bay va 2,12-2,56 triéu tan tro day 10
[6]. Day la nguén chat thai dugc khuyén khich tai ché va tai strdung lam
vat liéu xay dung thu cap dé gidm thiéu tac dong dén méi trudng [7].
Ngoai ra, cdc nghién ctiu cling chi rd ham lugng kim loai ndng trong tro
xi thap (vi du, néng do6 Hg trong tro bay la 0,0005 mg/L thap han muic
t6i da dugc quy dinh theo tiéu chuin qudc gia vé chat thai nguy hai la
0,2 mg/L) [8], do d6 rat phu hgp cho viéc téi ché loai hinh chat thai nay.

Mét loai hinh chat thai khéc, phat sinh tirhoat déng ndng nghiép, la trau
va tro trau, cing la van dé méi trudng can quan tam trong nganh san xuat
néng nghiép [9]. Nhiéu nghién cu trong théi gian qua da chiranhiing trién
vong (ing dung tro trdu trong san xudt vat liéu xay dung [10, 11]. Tuy nhién,
hau hét cac nghién cu trudc day chi tap trung vao viéc strdung tro trdu thu
duoc sau khi d6t & nhiét dé dugc kiém soét va nghién thanh kich thudc téi
uu. Viéc nghién ctiu st dung tro trau thd ma khéng dét hodc nghién dé ap
dung trong san xuat vat liéu xay dung van con han ché. Do do, gidi phap sut
dung tro trdu thé lam cét liéu trong san xudt GKN [a mét hudng tiép can co
tinh mdi, can nhiéu nghién cdu thirnghiém cu thé.

V& co ban, GKN dugc san xudt thong qua quy trinh dinh hinh ma
khong qua xu ly nhiét do, tir dé lién két cdu tric cta nd khac véi quy
trinh san xuat gach théng thudng. D6 bén clia GKN phu thuéc vao ap
suat hodc do rung va cac thanh phan két dinh duoc ap dung trong qua
trinh san xudt. Ngoai ra, do bén sé tang theo thai gian thong qua phan
Ung héa da clia cac cét liéu khac nhau [5]. Do d6, thanh phan cét liéu
vdi ty 18 thich hgp déng vai trd quan trong trong chat lugng gach. Cac
nghién cliu trudc day da kiém tra tinh kha thi cGa viéc st dung chéat thai
cdng nghiép nhu tro day 1o dét [12], voi da qua st dung va bun trang
men [13]va bun thai [14] d€ lam nguyén liéu tho thay thé trong san xuat
gach xay dung va gach Terrazzo (gach men) cho via hé.

Hau hét cac nghién ctiu déu chiing minh thanh céng rang nhing
vat lieu phé thai néi trén c6 thé dugc tai st dung dé san xuat gach vdi
cac thong s6 ky thuat dat yéu ciu theo cac tiéu chudn qudc gia. Tuy
nhién, anh hudng cta cac thanh phan cét liéu chua dugc xem xét chi
tiét. Chinh vi vy, nghién ctru nay dugc dé xut thuc hién dé giai quyét
nhimg van dé chua dugc dé cap trong cac nghién ctu trudc day. Dé tai
khi thuc hién thanh cong sé m& réng ca s ditliéu vé tiém nang st dung
vat liéu tai ché trong linh vuc ky thuat xay dung va ciing giai quyét cac
van dé vé moi trudng do viéc tao ra chat thai.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Chuan bi ¢t liéu va phu gia
2.1.1Cétliéu

Cac cot liéu chinh dugc st dung trong nghién ctiu nay bao gém bun
thai Nha may nudc ngam Tan Phu (Thanh phé H6 Chi Minh); tro bay tur
Nha may nhiét dién Séng Hau 1; tro trdu clia nha may xay xat lua Cai Bé
(Tinh Dong Thap); da mi tir nguén cung cap tai dia phuong.

(1) Ban thai Nha mdy xu ly nuéc ngdm Tan Phd (TPHCM, Viét Nam):
M3u bun c6 d6 8m dudi 10% sau khi tach nudc tai chd dugc van chuyén
va luu trii tai phong thi nghiém. Sau d6, mau bun dugc phan tich dé xac
dinh thanh phan hoa hoc. Cac mau bun dugc xt ly bang céach sdy kho
dé dat do am 5% trudc khi nghién min va dugc tach bang sang tiéu
chuén 6 kich thudc 16 0.25 mm trudc khi dua di phéi tron cét liéu.

(2) Tro bay Nha mdy nhiét dién S6ng Hau 1: Thanh phan va tinh chét clia tro
bay dugc phan tich XRF cho thay tro than nha may nhiét dién dat tiéu chudn
qudc gia (TCVN 10302:2014 - Phu gia hogt tinh tro bay diing cho bé téng, viia xdy
vaximding) dé 1am c6t liéu thay thé cho san xut vat liéu xay dung.

(3) Tro trdu: nguén nguyén liéu nay thu truc ti€p tirtro théd phat sinh
tai nha may xay xat gao ma khdéng qua qua trinh nghién trudc. Tro trau
thé c6 mau den, ty trong 2.316 g/cm?, dugc tach qua sang tiéu chuan
0.180 mm dé thu dugkc tro trdu min trudc khi phéi trén véi cac cot liéu
khac. Thanh phan héa hoc cla tro trau min dugc phan tich, két qua cho
thay ham lugng SiO. c6 trong tro trau rat cao (91.4%), tuong duong vai
ham lugng SiO: trong silica fume (>90%) - moét loai phu gia khodng c6
hoat tinh puzolan cao thudng dugc st dung trong tron bé tong va viia.

(4) Bd mi: cOt liéu nay c6 kich thudc trung binh nhé hon 5.0 mm, ¢
vai tro tang d6 bén va kha nang chiu luc clia gach va cat xdy dung dong
thdi gidm co ngdt va nit viia, 6n dinh két cdu phéi tron.

2.1.2. Ximdng

Xi mang PCB40 Ha Tién, dong vai tro la chat két dinh, dugc sir dung
trong cac thi nghiém.

2.2. Khuén mau gach thi nghiém

Trong nghién ctiu nay, cdc mau gach thanh phdm dugc san xuat theo
02 loai khuén mau: khuon gach khéi vuong, co kich thudc B50 x L50 x
H50mm, dugc str dung do cudng do chiu nén va khuén gach hinh tru tron
D90 x H100mm, dugc st dung dé do d6 hut nudc ctia gach thanh pham.

2.3. Quy trinh san xuét gach khéng nung

Gach dugc san xuat dua trén phuang phap ép rung thay luc, két
hop gilra luc ép va rung dong manh tao ra su phan bé déng déu cua
nguyén liéu, gilp tdng d6 bén va kha nang chiu luc clia gach. Cac thi
nghiém dugc thiét ké theo tiing ty 1é cap phdi, tuong ting véi muc dich
nghién ctiu cu thé (Bang 1). San pham gachsé dugc phan tich cudng dé
chiu nén va danh gia dac diém ky thuat clia GKN theo cac méc thdi gian
dudng hé mau: 3 ngay, 7 ngay, 28 ngay, va 91 ngay tinh tirthai diém tao
hinh gach.

Bang 1.Ty lé cap phéi (theo khéi lugng) gitta cac vat liéu trong cac thi nghiém

Thi nghiém Muc dich Ténmau | Bun thdi (%KL) | Tro bay (%KL) | Tro trau (%KL) | Ximéang(%KL) | Dami(%KL) | Cat(%KL) Nudc
Mau doi chiing MO Khong st dung 20 64 16
el M1 15 25 60
Xdc dinh dnh M2 30 10 60 Tuy thudc vao
E1 huan?hc;ia bun 3 % Khong st dung 5 60 Tél thi
M4 2 Khong sit dung 2 60 nghiém, igng
M5 5 %5 60 nugc dugc st
Xac dinh anh dung phu hgp
N Mé 30 10 60 Khong st . o
E2 huéng cda tro Nudc du dugc
M7 25 15 60 dung AP
bay V3 20 2 m loai bd khoi
Khéng st dung khuon gach
P, M9 15 25 60 .
Xac dinh dnh W 20 m ) trong qua
&na c na sil trinh ép gach
E3 huantgr;lllja tro VL, Khong st dung % 1 %
M12 20 20 60

Ghi chu: - %KL: ty 1é phdn tram theo khéi luong.
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Viéc tao hinh GKN sé dugc thuc hién dua trén khuén cé kich
thudc 50 x 50 x 50 mm (mau dung dé danh gia cudng doé chiu nén)
va khuén tru co kich thuéc D90 x H100 (mau dung dé danh gia kha
nang tham nudc). Sau khi tao hinh mau GKN, mau sé dugc gili trong
khuoén trong 01 - 02 ngay nham dam bao mau gach dugc én dinh,
két dinh chat ché hén hgp vat liéu véi nhau. Tiép theo d6, mau gach
sé dugc thao khuon, dudng ho bang cach ngdm trong nudc nham
gitip duy tri d6 &m cho mau gach dé qua trinh thiy hoéa dién ra dé
dang hon va gia tang dugc cuong dé nén clia gach. Bén canh do,
qua trinh duéng hé nay sé giip day nhanh phan tng pozzolan - 1a
phén ung héa hoc gia silic dioxit (SiO,) hoat tinh va alumin oxit
(Al,03) hoat tinh c6 trong vat liéu pozzolan véi canxi hydroxit
Ca(OH), - sdn pham clia qua trinh thly héa xi mang, va do d6 sé gép
phan tang d6 bén co hoc clia gach thanh pham.

2.4. Phan tich cudng do6 chiu nén va danh gia dac diém ky
thuat cia GKN.

Trong giai doan nay, nghién ctu thuc hién cadc budc phan tich
va danh gia nhu sau:

(i) Xac dinh cudng d6 chiu nén clia gach thanh ph&m tai cac méc
thai gian xac dinh (sau 3 ngay, 7 ngay; 28 ngay; 91 ngay, tinh tu ngay
tao hinh gach), nham danh gia kha nang chiu luc va d6 bén co hoc
cla san pham;

(i) Xac dinh kha nang thdm nudc clia gach - yéu t6 quan trong
anh hudng dén dé bén lau dai cta vat liéu ciing nhu tinh (ng dung
GKN trong viéc san lat nén via hé, san bai;

2.5 Phuong phap phan tich va tinh toan

2.5.1. Xdc dinh cudng do chiu nén cta gach thanh phdm

Cudng d6 nén R ctia mau gach thir dugc tinh bang N/ mm? theo
cong thuc.

R=P/S (1)

Trong d06: P: 1a luc nén phéa huy mau, (kN); S: dién tich ma ép,
(cm?); Luc nén pha hiy mau dugc do truc tiép bang may nén thay
luc (Digital Display Pressure Testing Machine), Model: DYE-2000,
dién thé 220V, s6 seri: 210733, MFG 2021.07, Cong ty TNHH TM Quéc
té€ Lianyungang Yuantai. K&t qua cudng do chiu nén clia mau gach
thanh pham sé dugc so sanh vai tiéu chuan TCVN 6477:2016

2.5.2. Xdc dinh d@o thdm nuéc

Do tham nudc bé mat theo khéi lugng, K (L/m2.h) dugc xac dinh
theo cong thiic (2). Mé hinh thi nghiém xéac dinh hé s6 tham K (cm/s)

vGi cdc mau tru D90 x H100 dugc thé hién nhu sau:
14
K=— ()
SXT o i} i

Trong do6 K (L/m2.h): hé s6 tham clia nudc qua mau gach (mau
tru), V (Lit): 1a thé tich nuéc tham qua mau thd, S (m?): dién tich tiét
dién ngang clia mau, S = D4, T (h): la th&i gian nudc tham qua,
(48h). K&t qua d6 thdm nudc ctla mau gach thanh pham sé duoc so
sanh véi tiéu chudn TCVN 6477:2016 dé xac dinh miic do dat yéu cau
cla thanh pham.

3. KET QUA VA THAO LUAN

3.1. Anh huéng cia thanh phan chat thai dén cuong dé chiu
nén ctia gach thanh pham

3.1.1. Anh huéng cta bun thai

Cac mau gach clia day thi nghiém E1 sau thoi gian duéng ho
dugc tién hanh do cudng d6 chiu nén tai cdc méc thai gian nhat
dinh (sau 3 ngay, 7 ngay, 28 ngay, 91 ngay) vai két qua dugc trinh
bay trong Bang 2 va Hinh 2.

Bang 5. Cudng doé chiu nén va toc d6 thadm nudc clia cadc mau GKN s dung bun thai

Tén méu Cudng dé nén trung binh sau thaoi gian duéng ho, (kN/cm?) Téc d6 thdm nudc sau 28
Sau 3 ngay Sau 7 ngay Sau 28 ngay Sau 91 ngay ngay, (L/m?.h)

M1 (15% bun, 25% xi mang) 1.13+£0.03 1.08 £ 0.02 143 +£0.12 1.50 £ 0.34 0.16
M2 (30% bun, 10% xi mang) 0.16 +£ 0.03 0.15+0.03 0.18 £ 0.02 0.37 £ 0.02 25.20
M3 (25% bun, 15% xi mang) 0.36 +£ 0.02 0.30+0.10 0.68 + 0.08 0.62 + 0.06 60.00
M4 (20% bun, 20% xi mdng) 0.59 + 0.02 0.90 + 0.03 1.11+0.10 1.51+0.09 180.00

Mau déi chirng MO 1.35+0.35 1.28 + 0.30 1.62+0.16 1.95 +0.08 0.37

. = 1.50 kN/cm? (mac gach M15) 0.35 (gach xay khong trat);
TCVN 6477:2016 = 2.0 kN/ecm? (méc gach M20) 16 (gach xay cé trat)
2.50 Tai cdc m6c thai gian, hau hét M1 ¢6 két qua cudng d6 chiu nén

E1M1_15% bun thai, 25% xi mang

M2_30% bun thai, 10% xi mang
2.00 A
B M3_25% bun thai, 15% xi mang

M4_20% bun thai, 20% xi mang I

-
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Cudng d6 chiu nén trung binh, (kN/cm?)

[ N Y
H
e )

3 ngay 7 ngay 28 ngay 91 ngay

Thdi gian duéng ho mau
Hinh 2. Cuting d6 chiu nén ctia mau GKN sir dung bun thai theo thai gian
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cao nhat tuong (ing vdi ty 1& phoi tron bun thai thap (15%). Mau M2
va M3 c6 cap phoi bun thai & muc cao (25% va 30%) cho két qua
cudng d6 chiu nén thap nhat trong nhém, va ciing khong ¢é su gia
tdng dang ké trong subt thai gian duéng hd. Madu M1 chda ham
lugng xi mang cao nhat (25%) dan dén viéc lién két, déng ran cac
vat lieu khi két hop lai v6i nhau tir d6 qua trinh tao ra sdn pham thay
héa dién ra day dac hon, gitp tang dé ran chdc GKN. Tuy nhién kha
nang gia tdng cudng dé nén clia M1 khang t6t bdng M4. Cu thé,
mau M4 cho két qua t6c d6 phat trién cudng dd nén vuot troi, dat
1.51 kN/cm? sau 91 ngay.

K&t qua do d6 tham nudc clia ddy mau E1 chiu anh hudng tir vat
liéu bun thai bgi ddc tinh uu nudc cling nhu tinh déng ran cla vat
liéu xi mang. M1 c6 ham lugng bun thai thap nhat, ham lugng xi
mang cao nhat nén tinh hit nudc cla mau hoan toan cham hon céac
mau con lai béi cau tric tao thanh rdn chac. B6i véi mau M2 va M3
ty |& bun thai chiém phan 16n, lan lugt dat ty 1& 30% va 25%, bun tr&
thanh vat liéu dac, chidia nhiéu nudc. M4 la cap phéi c6 ham lugng xi
mang vua dd gidp mau tao lién két, ddng rdn én dinh cho mau GKN,
ty l& bun khéng qua cao gitip giam kha nang lap kin mau do dé kha
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nang tham hut nudc ctia M4 dugc dién ra thuan Igi va dat yéu cau
vé d6 thadm nudc cho ca loai gach bé tdng xay khong trat va xay ¢
trat theo TCVN 6477:2016.

3.1.2. Anh huéng cda tro bay

Tro bay dugc st dung lam c6t liéu trong thi nghiém E2. Két qua
cho thdy, nhom cap phéi (M5 — M8) chiu dnh hudng ro rét tu ty &
phoi trén xi mang va tro bay.

Bang 6. Cudng dod chiu nén va toc d6 tham nudc ctia cac mau GKN st dung tro bay

Tén méu Cudng dé nén trung binh sau thai gian duéng ho, (kN/cm?) Téc d6 thdm nudc sau 28

Sau 3 ngay Sau 7 ngay Sau 28 ngay Sau 91 ngay ngay, (L/m?.h)

M5 (15% tro bay, 25% xi mang) 0.73 +0.02 1.32+0.22 2.79+0.15 3.12+0.11

M6 (30% tro bay, 10% x mdng) 0.29 + 0.01 0.62 + 0.08 1.21 £0.27 1.37 £0.00 R " ,

— Khéng tham hat
M7 (25% tro bay, 15% xi mang) 0.37+ 0.05 0.82 + 0.07 1.26 +£ 0.09 1.71 £0.00
M8 (20% tro bay, 20% xi mang) 0.66 + 0.04 1.61+0.16 1.79 £ 0.04 3.30+0.00
Mau dai chitng MO 1.35+0.35 1.28 + 0.30 1.62+0.16 1.95+0.08 0.37
) = 1.50 kN/cm? (mac gach M15) 0.35 (gach xay khong trat);
TCVN 6477:2016 = 2.0 kN/ecm? (méc gach M20) 16 (gach xay cé trat)

Cu thé, cudng d6 chiu nén clia mau gach ty lé nghich véi su gia
tdng ham lugng tro bay dé thay thé cho mét phan xi mang. O thoi
gian dau (sau 3 ngay dudng ho), cudng do chiu nén & cac mau
khéng c6 su khac biét dang k&, nhung sau 7 ngay, két qua do dac
cho thdy cudng d6 nén gilta cac mau c6 su chénh léch, dac biét mau
M5 (3.12 kN/cm?) va M8 (3.30 kN/cm?) so v&i cac mau con lai. Ly do
dugc giai thich nhu sau: 8 méc thai gian dau, cudng dé nén cha yéu
chiu anh hudng béi qua trinh thiy héa cta xi mang. Bén giai doan
91 ngay, vat liéu tro bay (v6i thanh phan chl yéu cac oxit SiO2, Al20s,
CO, MgO) da tham gia phan ting pozzolan véi Ca(OH); tu qua trinh
thiy hoa xi mang, giip GKN ¢6 ciu trdc rén chéc hon. § cac mau
M6, M7, ham lugng tro bay (25 — 30%) & muc cao hon Xi mang (10 -
15%), két qua cudng d6 nén do dugc khdng cao, diéu nay cho thay
su thiéu hut ctia Xi mang sé khong da kha nang lién két, dong rén
cac thanh phan vét liéu lai véi nhau.
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Hinh 3. Cuting d9 chiu nén cta mau GKN st dung tro bay theo thai gian

91 ngay

So sanh két qua thi nghiém ctia nhém cap phdi (M5 — M8) vai
mau ddi chiing MO cho thay tat ca 04 mau st dung tro bay nay déu
dat yéu cau vé cudng dé chiu nén clia mac gach bé tong tir M12.5
trg 1én khi d6i chi€u v6i TCVN 6477:2016. Tuy nhién, két qua do do
tham nudc khong kha quan khi tat ca cac mau cda cap phéi E2 déu
khéng thé rut nudc trong khoang thdi gian theo déi (48 gid). Diéu
nay dugc giai thich la do kha nang vat liéu tro bay tir Nha may nhiét
dién song Hau 1 c6 dé min cao, déng thai ap luc tao mau trong
nghién clu nay cling tuong d6i 16n nén khi vat liéu nay két hgp
cuing xi mang da thuc day viéc gia ting kha nang két dinh hén hop
vat liéu thanh 1 khéi mau dac, lam gidm dang ké d6 réng trong gach
thanh pham. B&n canh d6, thdi gian theo déi thi nghiém tham nudc
ngan (48 gid), dugc ap dung chung cho tat ca cdc mau trong nghién
cliu, do dé viéc ghi nhan két qua tham nudc sé bi giéi han bai anh
huéng cla khodng thai gian thi nghiém.

3.1.3. Anh huéng cda tro trdu

Két qua thi nghiém trong cdp phéi E3 v6i ngudn chat thai la tro
trdu cho thay & thai diém én dinh 3 ngay, ca 4 cap phéi déu thé hién
két qua kha thap, dac biét véi cac mau M10, M11 gan nhu khéng co
kha nang chiu nén. Day cap phéi E3 cling cho thay xu huéng tuong
tu E2 khi kha nang chiu nén sau thgi gian duéng ho 91 ngay cla
mau M9 va M12 dat két qua cao so vdi cac mau con lai (M9 dat 1.23
kN/cm? va M12 dat 1.19 kN/cm?). So sanh véi TCVN 6477:2016, khi
ty 1é tro trdu dao déng tir 15 + 25% thi cudng d6 chiu nén cla 3/4
cac mau gach trong nhom E3 déu dat mac gach tuong tng la M10.0
- d6i véi mau M9, M12 va M5.0 — d6i véi mau M11. Méc du cac két
qua day mau cta cap phdi E3 ghi nhan déu cé xu hudng phat trién
cudng dod chiu nén, tuy nhién kha nang chiu nén dgi véi thir nghiém
tro trau lai thap hon khoang tir 1 dén 2 lan so véi cac day mau cla
cap phoi bun thai (E1) va tro bay (E2). Bén canh dé, két qua do dé
tham nudc clia hau hét caéc mau gach déu khéng dat.

Bang 7. Cudng do chiu nén va toc d6 tham hut nudc clia cdc mau GKN st dung tro trau

Cudng dé nén trung binh sau thoi gian duéng hé, (kN/cm?) Téc d6 thém nudc sau 28
Tén mau T
Sau 3 ngay Sau 7 ngay Sau 28 ngay Sau 91 ngay ngay, (L/m?.h)
M9 (15% tro trau, 25% xi mang) 0.32+0.03 0.56 + 0.03 1.05 + 0.02 1.23 + 0.00 Khéng tham hut
M10 (30% tro trau, 10% xi mang) 0.04 +0.01 0.17 £ 0.00 0.25+0.04 0.15+0.00 0.22
M11 (25% tro trau, 15% xi mang) 0.02 +£0.02 0.34 +0.03 0.45 +£0.02 0.54 £ 0.00 Khona tham hat
M12 (20% tro trau, 20% xi mang) 0.35+0.03 0.59+0.01 0.86 + 0.05 1.19+0.08 9
Mau déi chitng MO 1.35+0.35 1.28 + 0.30 1.62+0.16 1.95 +0.08 0.37
= 1.50 kN/cm? (mac gach M15) 0.35 (gach xay khong trat);
TCVN 6477:2016 ) )
= 2.0 kN/cm? (méc gach M20) 16 (gach xay c6 trat)

ISSN 2734-9888 | 03.2026 XAYDUNG

161



NGHIEN CUU KHOA HOC

1.40
1 BM9_15% Tro trau, 25% xi mang

£ 1.20  mM10_30% Tro tréu, 10% xi ming -
v
g M11_25% Tro trau, 15% xi mang ;
= 1.00 - e
% M12_20% Tro trau, 20% xi mang
2 ]
S 080 -
=
v
c
=} -
2 060 I
S _
8 =
:E: 0.40 A I
5
O

0.20 A I

000 AL 2 b2 i .

3 ngay 7 ngay 28 ngay 91 ngay

Thai gian dudng h mau

Hinh 4. Cutng do chiu nén ctia mau GKN st dung tro trdu theo thoi gian

Qua thirnghiém dénh gia dac diém ky thuat ctia GKN, phé pham
tro trdu chua cho thdy tinh kha thi ré rét nhat khi s dung thay thé
vat liéu truyén théng. K&t qua thi nghiém doi véi nhém gach E3 mét
Ian nlta cho thdy su két hop gilta két cdu mém min cla tro trdu cling
ap lyc tao mau tuang déi cao trong nghién ctru nay da anh hudng
truc ti€p dén kha nang thdm hat nudc ctia gach thanh pham.

4, KET LUAN VA KIEN NGHI

Bai bao trinh bay cac két qua thuc nghiém vé cudng d6 chiu nén
va d6 tham nudc cla gach khong nung dugc san xuat tur bun thai
cta Nha may nudc, tro bay tir Nha may nhiét dién va tro trau. Két
qua nghién cu da ching minh kha nang thay thé mot phan xi
mang cla cac loai phé phdm cong va ndng nghiép nay. Dic biét, cac
thanh phan nay déu dadm bao an toan moi trudng véi ham lugng
kim loai nang nam dudi ngudng nguy hai. Xét vé su vugot troi cudng
d6 chiu nén thi tro bay chiém uu thé hon bun thai va tro trau, dién
hinh 1a m&u M8 (20% tro bay — 20% xi mang — 60% da mi) dat 3.30
kN/cm? sau 91 ngay. Diéu nay nh& vao phan (ing pozzolan manh mé
gilta cac oxit kim loai trong tro bay va san phdm thay hoa cla xi
mang, tao nén cau truc vi md dac chdc. Bén canh do thi bun thai thé
hién su t8i uu cho loai gach tu chén/lat nén, cu thé véi mau M4 (20%
bun thai — 20% xi mang — 60% da mi) dat cuong d6 chiu nén la 1.51
kN/cm? (tuong duong mac M15.0) va cé kha nang thdm hat nudc
vuat troi (180 L/m>h).

Dua trén két qua thuc nghiém, cdc hudng Uing dung thuc té cho
tiing nhom cap phéi dugc dé xuat nhu sau: Déi véi nhém cap phdi
st dung bun thai (E1), dac biét 1a mau M4 cho thay kha nang ung
dung lam vat liéu cho cac giadi phap ha tang xanh nhu gach tu chén
14t via he, san bai, cong vién hoac cac khu vuc can thoat nudc bé mat
nhanh dé chéng ngap Gng cuc bd ma van dadm bao kha nang chiu
Iuc cho ngudi di bd va phuang tién nhe. Ngugc lai, nhém cip phéi
st dung tro bay (E2), tiéu biéu Ia mau M8 thich hop cho cac ciu kién
xay dung chiu luc cao, gach xay tudng cho cac cong trinh dan dung
va cong nghiép, hodc cac vi tri yéu cau dd bén cao va kha nang
ch6ng tham t6t tir méi trudng bén ngoai.

Nham nang cao cd s& khoa hoc ctia nghién ctiu, nhom tac gia
cling dé xuat cac budc nghién cdru chuyén sau tiép theo vé co ché
vi m, danh gia ciu truc cia gach thanh phdm théng qua cac phan
tich hinh thai bé mat va ciu trdc 16 rdng bdng may hién vi dién ti
quét SEM va phuong phap do dién tich bé mat, dé rébng cda vat liéu
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(rdn, bot) thong qua qua trinh hap phu vat ly khi N2 dua trén phuong
trinh BET (Brunauer-Emmett-Teller).

Bén canh do, viéc phan tich hiéu qua kinh té va danh gia vong
doi ciia cdc mau gach thanh pham khi trién khai san xuat & quy mé
c6ng nghiép va tinh toan giam thiéu lugng phat thai CO, so véi gach
nung truyén théng dé lam ré gia tri “xanh” cGa gach thanh pham,
clng la hudng nghién ctiu tiém ndng tiép theo. Ngoai ra, nhém tac
gid cling dé xuat ma réng hudng thuc nghiém danh gia do bén
trong méi trudng xam thuc déi véi cac mau gach st dung bun thai
va tro bay nham dam bao tudi tho céng trinh. Viéc kiém dinh kha
nang dong ran cta cac kim loai nang bén trong cau trdc gach thanh
phdm cé dam bao an toan va khéng phat thai ra méi trudng xuyén
suét vong doi ctia gach cling la mot husdng nghién ctiu kha thi dugc
dé xuat nghién ctu tir két qua bai bao nay.

L&i cdm on: Nghién ctiu nay dugc tai trg bdi Trudng Pai hoc Ton
Duc Thang trong Dé tai ma s6 FOSTECT.2025.14.
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