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Viéc tan dung céc vat liéu thai ti¥ qua trinh khai thic nhém dé san xut gach khéng nung mang lai 1oi ich
kép: vita tiét kiém tai nguyén dit sét, vita gép phan giai quyét vin d& 6 nhiém moi truong, ddng thoi tao
ra mdt ngudn nguyén liéu méi cho san xuét. Trong nghién citu nay, biin d6 thu duge tit mot co s& khai
thac nhom ciing v&i bui da da duoc st dung dé san xuit gach khéng nung. Bén canh hai thanh phin chinh
ndy, cdc san phdm phu khéc nht tro triu va tro bay ciing duwgc dua vao hdn hop gach nhu nhitng chit phu
gia, v&i ty 1é pha tron khac nhau. Viéc danh gid cac dic tinh ctia gach khong nung bao gdm céc thit
nghiém vét 1y, kiém tra kha niing chiu nén, do d6 hit nudc, phan tich hién vi dién tit quét (SEM) va nhidu
xa tia X (XRD). Két qua thit nghiém cho thiy tiém ning ctia viéc két hop biin d6 va bui d4 trong viéc cai
thién céc dic tinh ctia gach khong nung, vi du cip phdi véi 5% biin dé (R0O5) cho cwdng dd chiu nén 1én
dén 6,3 MPa sau 28 ngay, d6 hit néc 9,7 %, phit hop véi tiéu chuin Viét Nam v& gach bé téng.

ABSTRACT

Unfired bricks

Red mud

Stone dust
Compressive strength

Water absorption

Utilizing waste materials generated from the aluminum extraction process to produce unfired bricks
provides multiple advantages, including land resource conservation, reduction of environmental pollution,
and the creation of an alternative raw material supply. In this study, red mud (RM) obtained from an
aluminum processing plant, combined with stone dust, served as the main ingredients for fabricating
unfired bricks. Additionally, supplementary materials such as rice husk ash and fly ash were incorporated
as additives in varying proportions within the brick formulation. The bricks were evaluated through a
series of tests, including physical property assessments, compressive strength testing, water absorption
analysis, scanning electron microscopy (SEM), and X-ray diffraction (XRD) analysis. The test results
indicate the potential of combining red mud and stone dust in improving the properties of non-fired bricks.
For example, a mixture containing 5% red mud (RO5) achieved a compressive strength of up to 6.3 MPa

after 28 days and a water absorption rate of 9.7%, meeting Vietnamese standards for concrete bricks.

1. Gi6i thidu

Truéc nhitng thach théte v& méi trivdng nay, cic nha nghién
cttu dang tim kiém nhitng giai phap thay thé, dic biét 1a san xuit gach

Gach da tré nén phé bién trén toan thé gi¢i nhu mot vat liéu
xiy dyung nh& nhitng dic tinh ndi bat nhw kha ning chiu lita, cich
nhiét, cch 4m va d6 bén theo thoi gian [1]. Céc loai gach nay c6 thé
dugc phan thanh ba nhém chinh dya trén phuong phép san xuét:
gach nung, gach xi méng va gach geopolymer [2]. Tuy nhién, céc
phiong phap san xuét truyén théng nhu gach nung va gach xi ming
da 1am gay ra nhidu lo ngai v& méi tredng, chit yéu do tiéu thu nhiéu
nidng lugng va phét thai khi carbon dioxide (CO,). Vi du, khi thai
carbon dioxide ctia gach nung & An D6 trung binh 1a 0,15 tdn CO,/tAn,
trong khi viéc san xuét gach xi ming tao ra khoang 0,1 tin CO,/tin.
bang chi ¥, quy trinh san xuit gach tit d4t sét tiéu tén nhiéu ning
lwgng va tao ra luwgng 16n chit thai ciing khi nha kinh (khoang 2,0
kWh va 0,41 kg CO, cho mdi vién gach) [3].
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khong nung bing céch tich hgp nhiu loai phé phdm dé thay thé dt
sét [4-6]. Huéng di nay xult phat tit nhidu vAn d&, bao gdm sy can
kiét tai nguyén dit sét, quy trinh san xut tiéu tén nhidu ning lwgng
va nhu chu cAp thiét trong viéc xi 1y phé pham, diic biét tai cic qubc
gia dang phét trién. Mot trong nhitng phé phdm cong nghiép tidm
ning 1a biin d6 (red mud — RM), mét loai chit thai nguy hai sinh ra
trong qua trinh chiét xuét alumin hodc hydroxit nhém tit boxit theo
phuong phéap Bayer [7].

Céc nghién ctu gin day di cho thdy nhitng két qua diy hia
hen trong viéc tdn dung bun do cho nhiéu Gng dung khac nhau, bao
gbm ca san xult gdm geopolymer [8-10]. Vi du, nghién cttu ctia Singh
v cong su di dat dwgc cwdng d6 chiu nén 4n tugng 8,7 MPa vdi ty 18
chét két dinh va cbt liéu 1a 1:1 [2], trong khi Zhao va Gou da ché tao
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thanh céng gach khéng nung st dung biin d6 va xi mang calcium
sufflaminate [4]. Nisa va Singh ciing cho thiy ring viéc bd sung bui
d4 c6 thé 1am giam nhu ciu s dung cat tv nhién trong san xuit gach
geopolymer [11]. Tuy nhién, viéc st dung biin d6 hién vin dbi mat
v6i thach thite vé tinh 6n dinh va do bén lau dai. Do do, nghién ctu
ndy dugc thue hién nhim khai thac tidm ning st dung bin do trong
san xult gach khéng nung, gép phin giam st dung cbt liéu truyén
théng va xit 1y phé thai hiéu qua hon.

Nhin chung, viéc st dung cdc san phdm phu tit qua trinh san
xuét nhém va vat liéu cbt liéu dé thay thé dt sét tuw nhién trong gach
khéng nung c6 tidm niing tao ra cic san pham thay thé chit lugng cao
va théan thién véi méi trudng. Nghién ciu nay nhim danh gid hiéu
qua ctia viéc san xuit gach khéng nung bing cach két hop bui da va
blin d6. Céc ty 1& bun d6 khéc nhau da dugce st dung (5 %, 10 %, 15
% khdi lugng), ddng thoi hdn hop con chita bui da, xi ming, tro triu
va tro bay. Nghién citu ciing tién hanh phén tich thanh phan héa hoc
bing phuong phap nhifu xa tia X va khao sat cAu triic bén trong
thong qua hién vi dién t& quét. Téng thé, két qua nghién cttu cho thiy
tiém niing clia viée tich hop cac san phdm phu vao gach khéng nung
dva trén cac dic tinh hiéu suét cta ching.

2. Vatliéu va quy trinh thi nghiém

Nghién cttu nay da st dung nhiéu loai phé phdm khac nhau,
bao gdm bui d4 va bin dé dugce ldy tit tinh Ldm Ddng, nhu thé hién
trong

Hinh 1. Céc chét phu gia nhu tro bay va tro tréu ciing dugc
duwa vao st dung. Ngoai ra, dung dich natri silicat, Na,SO, (thuy tinh
16ng) 10 M dugc sit dung 1am chét két dinh cho gach khéng nung, két
hgp vGi bun do va tro bay. Cac dac tinh héa hoc ctia bui da va bun do

duoc trinh bay trong

Bang 1.

Céc vt liéu khé bao gdm bui d4, bin dé, xi ming, tro triu va
tro bay duoc tron déu véi tée d6 60 vong/phit trong khoang 5-10
phit dé dat duoce trang thai ddng nhéit. Dung dich thuy tinh 16ng va
nuée cling duge pha tron déu, sau d6 hai hdn hop duge ép trong
khudn dé tao thanh gach 4 16 c6 kich thudc 80 x 80 x 180 mm vé&i dd
réng 35 %, sit dung 4p suit ép khoang 400-450 kg/cm? Sau khi ép,
gach duge giit 4m trong 1 ngly va sau d6 dugc 1am kho & méi trudng
tw nhién (nhiét d6 phong). Tiép theo, san phim sé dugc kiém tra cac
dic tinh theo tiéu chuén TCVN sau 7 ngay va 28 ngay [12]. Ty 1é pha

tron ctia hén hgp dwge trinh bay trong Bang 2.

n

Hinh 1. Bui d4 (a) va bim dé (b).

Bang 1. Thanh phan héa hoc ctia bui d4 va biin dé dwa theo phan tich XRF (% khéi Iwvgng).

MgO Na,O AlLO, Sio, SO, K,0 CaO TiO, Fe,0, Na,0 P,O;
Bui d4 0,9 - 22,50 57,14 0,96 6,65 1,48 1,39 8,34 - -
Biin d6 - 6,58 31,26 6,17 - - 0,41 6,73 47,50 6,58 0,24
Bang 2. Cip phéi thi nghiém (1 m).

Mau Xi mang Bui dé Bun do Tro triu : Tro bay (1:1) Thuy tinh 16ng Nuée
ROO 10 % 85 % 0% 5% 30 ml/kg chit rin 5%
RO5 10 % 80 % 5% 5% 30 ml/kg chat rin 5%
R10 10 % 75 % 10 % 5% 30 ml/kg chit rin 5%
R15 10 % 70 % 15 % 5% 30 ml/kg chat rin 5%
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Sau qué trinh du@ng hd, cidc miu thit — méi miu dai dién cho
moét trong bén hén hop khic nhau — di dwge tién hanh danh gia toan
dién, bao gdm ca kich thudc hinh hoc va cudng d6 chiu nén. Viée
dénh gia nay duoc thyc hién theo céc thong sé quy dinh trong Tiéu
chuén Viét Nam v& gach. P& dam bao d6 tin cy ciia két qua, cc gia
tri ¢6 sai s6 viegt qua 15 % so v6i gid tri trung binh da dwoc loai bo
mot cach cin than khoi qua trinh phan tich. Két qua thit nghiém cudi
cling duge tinh trung binh tit cac dit liéu con lai, gép phin ning cao
tinh chinh x4c va d6 tin cdy clia két lusn. Bén canh d6, nhim hiéu ro
hon vé thanh ph?in cAu tao cting nhu déc tinh cAu trdc cua céc vat liéu
dugce st dung trong gach bun dd, cac ky thuat phan tich nhu SEM va
XRD da duoc ap dung. Nhitng phuwong phép nay cho phép kham pha
sau vé cdc dic diém vi ciu tric cta cac thanh phin trong gach bin do,
ddng thoi cung cip cai nhin chi tiét vé& cAu tric tinh thé ctia vat liéu &

clp d6 vi mo.

3. Panh gia két qua thi nghiém

Hinh 2 minh hoa cdc mau gach khong nung sau thoi gian dudng ho 7
ngay. Nhin chung, cic vién gach khong nung c¢é hinh dang tét va
khéng xuét hién vét nit trén bé mit, dap ting cic yéu ciu quy dinh
trong tiéu chudn Viét Nam [13]. Khéi lvong thé tich caa bén hén hop
lan luot do duoc 1a 1.685; 1.495; 1.476; va 1.459 kg/m?, twong ting
véi cdc mau ROO, RO5, R10 va R15. Viéc ting ham lugng bun dé
trong hén hop din dén sy giam nhe khéi lwong riéng thé tich cua
gach khong nung. Tuy nhién, cic gia tri ndy van ndm trong gi&i han

cho phép theo tiéu chudn hién hanh [12].

Hinh 2. Gach khéng nung chita bun d6 (bén trai)
va khong chita bun do (bén phai).

Két qua do do hiit nudc dugce trinh bay trong

Hinh 3a. Nhin chung, d6 hit nuéc tédng 1én khi ham lugng
btin @6 trong hén hop ting. Pang chd y, tai ham Ivgng biin d6 15 %,
d6 hat nudce dat 12,6 % sau 7 ngay dudng ho va giam con 11,8 %

sau 28 ngay. Viéc kéo dai thoi gian dudng ho c¢é xu hudng lam giam

nhe do hit nuwéce, dao dong quanh mtic xip xi 6 %. Trong khi d6, mau
ROO (khong chita bin dé) ghi nhan d6 hit nuwdce thip nhét, 1an lvot 14
10,0 % va 9,1 % sau cung thoi gian dudng ho. Khi téng ty 1& bun do
t 10 % 1én 15 %, do hit nude c¢é xu hudng ting nhe khoang 5 %.
Tuy nhién, didu nay khéng hoan toan phan 4nh méc d6 rdng cta
gach. Mot phin nuée c6 thé da tham gia phan @ng vé&i Na,O hodc CaO
- nhu da néu trong

Bang 1. Bén canh d6, sau 28 ngay, mot sé hydroxit trong hén hop da

trai qua qué trinh thiiy héa, lam giam lugng nude can thiét cho cac
phan tng tiép theo, tit d6 din dén d6 hit nwée thap hon.

—=— 7 ngay a
- +- 28 ngay

—s=— 7 ngay b
- +- 28 ngay

B8 hit nude (%)
n
il

Cudng dg chiu nén (MPa)

s
!

10
Ty 1& bun d6 (%)

10
Ty 1& ban @ (%)

Hinh 3. D6 hit nudce (a), cuong do chiu nén (b).

Hinh 4 minh hoa két qua phan tich nhiéu xa tia X cho thanh
phan pha tinh thé cua ca vién gach dbi chting (dwdng mau den) va
vién gach c6 chita biin d6 (dwdng mau d6). Thanh phan chinh dugc
xé4c dinh 13 tinh thé thach anh (Si0,), di kém v&i mot s6 khoang chét
bd sung nhv Kyanite va Pyrophyllite trong c4u triic. Nguge lai, bun do
cho théy st hién dién ctia nhiéu pha 6xit khac nhau, dugce hinh thanh
qua qud trinh phin huy cta cic khodng véat trong boxit. Pang chd y,
céc pha chinh trong biin d6 bao gdm canxit (CaCO,), hematit (Fe,0,),
cuing v&i mot s6 pha phu nhu thach anh (SiO,). Két qua XRD da khéng
dinh ring vién gach chita biin d6 van giit duwgc cac thanh phan chinh
nhu trong vién gach d6i chitng. Trong khi d6, su so sanh vé ciu tr1’1c
Hinh 5. Buvong kinh cua Cﬁl 16 rong deQC xac dinh banacljl)_lhan mém

vi mo ngu’a cac vién gac on§ chtta bun do va vién cO chtra
ImageJ. Nguong duoc xac 1ap tv dong theo Otsu thresholding, duwdng

kﬂ{hqumﬂ&gﬁg%ﬁ’g cu ‘Analyze Particles’, loai bé cac 16 nhé hon
10 pm. Nhin chung, ciu tric cta vién gach khéng chita biin dé cho
thiy s6 lugng 16 rdng nhidu hon, véi kich thude dao déng tit 50 dén
173 um. Nguwoc lai, vién gach ¢6 chita biin do c6 ciu triic dic hon, véi
s6 lwong 16 réng it hon va kich thwée trung binh khoang 40 um. Ciu
tric ddc nay gitp ting kha ning chdng nitt va gép phin ning cao

d4ng k& cudng d6 chiu nén ctia vién gach. Ly vi du nhv cAp phbi RO5
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(5 % biin d6) dat cwdng d6 6.3 MPa sau 28 ngly, dap ng yéu ciu
cudng do tbi thiéu theo TCVN 6477:2016 dbi v6i gach bé tong thong
thuong (=5,0 MPa).
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Hinh 4. Miu nhiéu xa tia X ctia gach d6i chitng (mau den) va gach

khoéng nung c6 chita bun dé (mau do).
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Hinh 5. Anh SEM ctia gach khéng nung khéng chtia bin dé (a)
va c6 chita bun do (b).

4. Kétluan

Két qua nghién citu di ching minh tinh kha thi ctia viée két
hop blin d6 va bui da trong san xuét gach khong nung. Sau 7 ngay
duwdng ho, cic vién gach thu dugce c¢6 hinh dang hoan chinh, khong
xudt hién vét ndt trén bé mat, dap @ng cac yéu ciu trong tiéu chuén
Viét Nam. Mic dit ham lwong bin d6 ting 1én, khéi luwgng thé tich caa
gach vin nim trong pham vi 1,3-2,0 g/cm? theo TCVN 6477:2016. Do
hit nuwée ¢ xu huéng ting theo ty 1& bun d6 — v&i hén hop chia
15 % bun do6 ghi nhéan gié tri hit nwéc cao hon. Tuy nhién, khi kéo
dai thoi gian dudng hd, do hit nwde cua gach giam nhe. Cuong d6
chiu nén duwgc cai thién nhd sy ¢6 mit ctia biin do, véi mic ting 1An
lwot 12 17 % sau 7 ngay va 21 % sau 28 ngay dudng ho. Dic biét, cip
phdi RO5 v&i 5 % bin do dat cwdng do chiu nén 6,3 MPa, khéi lwgng
thé tich 1.495 kg/m?® va d6 hit nuée 9,7 % sau 28 ngay. Su gia ting
ndy c6 thé dwoc 1y giai boi vai trd ctia biin do6 trong viée thic diy qua
trinh geopolymer héa va ting d6 kidém ctia hdn hop geopolymer. Phan
tich nhidu xa tia X xac nh4n ring cdc thanh phin khoéng chinh trong
gach chita bin do twong ddng véi gach dbi chitng. Trong khi d6, phan
tich SEM cho thiy cAu tric vi mé ctia gach khong nung c6 bin do dic
chéc hon, véi it 16 rdng hon va kich thudce 16 réng nho hon, gitip nang
cao kha ning chéng nift va ting cudng cudng d6 chiu nén. Nhitng két

qua nay cho thiy tidm ning trong viéc tai st dung bin d6 va bui da
lam nguyén liéu thay thé cho dét sét trong san xuét gach khéng nung,
g6p phan cai thién chit luong gach, bao vé méi trudng, va tin dung
hiéu qua phé thai cong nghiép. Tuy nhién, nghién cttu chua danh gia
kha ning rita troi hodic hoa tan kim loai ning trong diéu kién thoi tiét
khéc nghiét. Pay 12 huéng cin dwoce nghién citu tiép theo dé danh gia

d% an toan moi trudng cua vat liéu gach chia bun do.
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