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TGM TAT

So viri bé tong xi mang thang thuing, bé tang UHPC sir dung legng
chat ket dinh cao hon nhiéu, ca thé len tai 1000 kg/m®, lrgng phu
gia khoang hoat tinh nhur silica fume ca thé len tai 250 kg/m’.
Diéu nay da lam gia thanh bé tang UHPC tang cao, ciing nhu gay
kha khan vé ngudn cung vat liéu phu gia khoang nay trong ché tao
beé tang UHPC & nhitng nudc dang phat trién, nhu Viet Nam. Viec
tim ki€m nguan phu gia khoang khac ca chic ndng trong durong
vari silica fume thay the mat phan xi mang trong bé tong UHPC [a
rét can thiét. Trong s cac phu gia khoang hoat tinh ding cho
UHPC, thi tro trdu nhigt phan & diéu kien nghiém ngat duge danh
gia la ngudn cung trién vong trong ché tao bé tang UHPC. Nghién
ciru nay dé xudt ma hinh nhigt phan lien tuc theo huéng céng
nghiép hda duge kiém soat ché dg nhigt phan ti dang dung dé sén
xufit tro tréu giau silica v dinh hinh. Thi nghiém tign hanh khao
st cac ngudn vo tréu phd bign trén dia ban tinh Thia Thien Hué &
ché da nhigt phan tdi vu Gng & nhigt da 700°C, thai gian tro tréu
liru trii trong budng nhigt phan |a | gitr, ché do sén xudt lign tuc.
Ket qué phan tich XRD va SEM cho théy tro tréu ca thé & ngudn
vt ligu thay thé mat phan xi mang va phu gia khoang céng nghiép
trong sén xudt bé tong UHPC va ca trién vong phét trign ma hinh &
quy md cang nghigp nhdm dat muc tigu "kép" vé kinh t& ky thuat
v mii truang.

Tir khaa: Tro trdu; silica va dinh hinh; ma hinh nhigt phan; phu gia

khoang; UHPC.

ABSTRACT

In comparison to conventional Portland cement concrete, Ultra-High
Performance Concrete (UHPC) utilizes significantly higher amounts of
binders, potentially reaching up to 1000 kg/m® and active mineral
admixtures such as silica fume, which can be as high as 250 kg/m’.
This has led to increased costs for UHPC and posed challenges in the
supply of these mineral admixtures in the manufacturing of UHPC,
especially in developing countries like Vietnam. Finding alternative
mineral admixtures with equivalent functionality to silica fume to
partially replace cement in UHPC is essential. Among the active mineral
admixtures used for UHPC, thermally treated rice husk ash under
stringent conditions is considered a promising supply source for UHPC
production. This study proposes an industrially controlled continuous
pyrolysis model with an automated pyrolysis regime for producing
silica-enriched amorphous rice husk ash. The experiment surveyed
common rice husk sources in the Thua Thien Hue province under
optimal pyrolysis conditions at 700°C, with a residence time of | hour in
the pyrolysis chamber and a continuous production mode. XRD and SEM
analysis results indicate that rice husk ash can be a substitute for part
of the cement and industrial mineral admixtures in UHPC production,
with potential for developing an industrial-scale model to achieve dual
objectives of economic and environmental efficiency.

Key words: Rice husk ash; amorphous silica; pyrolysis model;
mineral admixture; UHPC.

1. GIGI THIEU CHUNG

Trong linh vuc xay dung, vat liéu bé tdng xi mdng la lya chon
uu tién do gia thanh phai chang, d6 bén vugt trdi, d6 bén co hoc
cao va dé thi cong. Trong d6, bé tdng chat lugng siéu cao (UHPC)
dugc coi la moét trong cac vat liéu mang tinh "cong nghé cao”
trong su phat trién vat liéu bé tdng xi mang. Vat liéu UHPC c6 cac
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thanh phan co ban bao gém xi mang, silica fume, cat quac, phu gia
siéu déo, c6 cudng dd nén trén 150 MPa, d6 bén va dé déo dai cao.
Tuy nhién, so vdi bé tong xi mang thong thudng, bé tong UHPC st
dung lugng chat két dinh cao 1én t6i 1000 kg/m?, lugng phu gia
khoang hoat tinh nhu silica fume 1én téi 250 kg/m3. Biéu nay da
lam gidm muc d6 Ung dung cla loai vat liéu “cong nghé cao” nay
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truGc nhiing thach thdc vé hiéu qua kinh t€ va tac dong moi
trudng & nhitng nudc dang phat trién nhu Viét Nam. Thuc vay, qua
trinh san xuat xi mang s dung hé théng day chuyén thiét bi dau
tu tén kém, doi héi khai thac tai nguyén da voi lam nguyén liéu
tho, tiéu thu nang lugng I6n va phat thai lugng khi CO, dang ké.
Dang chu y, 5%-8% lugng khi CO2 toan cau dugc phat sinh tur qua
trinh s&n xuét xi mang [11. Vi vay, muc tiéu thic ddy cac hoat dong
xay dung theo hudng bén ving va than thién véi moi truong dang
thu hat cac nghién ctu tim kiém gidi phap thay thé cho xi méng va
phu gia khoang céng nghiép bang cach st dung vat liéu gidam
phat thai, chat thai va phé phu pham.

Tro trau thu dugc ti qua trinh nhiét phan nghiém ngat vé trau cé
ham lugng silica vé dinh hinh cao, c6 dién tich bé mat I6n, c6 kha nang
lién két tuong thich véi cot liéu, va cho thay dac tinh pozzolanic tét,
tuong duang vdi xi mang [2,3]. Bén canh do, qua trinh san xuat lta gao
da tao ra khoang 120 triéu tan vo trdu hang nam trén thé gidi [4], la
lugng chat thai khéng 16 ma néu khong xu ly kip thdi sé gay & nhiém
mai trudng nghiém trong va la mét su lang phi I1én hién nay. Do dé, st
dung tro trau giau silica vé dinh hinh nhu mét su thay thé mot phan xi
mang truyén thong va phu gia khodng cong nghiép la giai phap cong
nghé vat liéu vira ddm bao hiéu qua kinh té va than thién véi moi
trudng rat dang dugc quan tam [5,6].

Déc tinh ky thuat cua tro trdu dugc quyét dinh bdi cac théng s6
ché d6 nhiét phan voé trdu, bao gébm phuong phép nhiét phan,
nhiét do, thai gian va dic diém nguén vé trdu dau vao qua trinh
nhiét phan. Tuy theo san phdm thu héi mong muén la chat khi,
chat l1éng hay chat ran ma phuong phéap nhiét phan nhanh, nhiét
phan cham hay khi héa sé dugc lua chon. V&i muc tiéu thu dugc
tro trdu (dang chat ran) co ty 1é thanh phan silica vé dinh hinh cao,
phuong phap nhiét phan cham véi téc do gia nhiét dén nhiét do
nhiét phan khoang 10°C-15°C/phut dugc st dung. Phuong phép
nay phu hop cho nhiét phan cac vat liéu sinh khéi khéng can
nghién min dén 1mm [7]. Phuong phép nhiét phan cé kiém soat
nay sé quyét dinh muc dé phan Ung pozzolanic cla tro trau dua
trén cac yéu t6 nhu ham lugng vo dinh hinh, dién tich bé mat riéng
va dé min cla hat phu hgp vat liéu bé téng [8].

Vi vay, véi muc tiéu “kép” vé kinh té ky thuat va gidm thiéu tac
déng méi trudng, nghién ctu nay dé xudt mét méd hinh thu
nghiém theo huéng cong nghiép hdéa nham san xuat tro trau co
dac tinh phu hgp thay thé mét phan xi mang va phu gia khoang
céng nghiép trong san xuat vt liéu bé tong UHPC. Trong bai béo
nay, moé hinh thiét bj, ché do nhiét phan, va danh gia chat lugng
san pham nguén vé trau tai dia phucng dugc phan tich lam ca s&
khoa hoc cho gidi phap st dung tro trau nhu vat liéu thay thé moét
phan xi mang va phu gia khoang & quy mé céng nghiép.

2. NOI DUNG VA PHUGNG PHAP NGHIEN CUU
2.1.Nguén vé trau

1.Thiing cdp liéu; 2.Ndp thiing; 3.Truc toi; 4.Truc vit dinh luong; 5.V6 mdy; 6.Nhiét dién;
7.Bdo 6n; 8.Truc vit; 9.L6 xd khi thdi; 10.Cdch nhiét ddu truc; 11.Cta xd liéu; 12.Thiing chiia
tro trdu; 13.B6ng co 1; 14.00ng co 2.

Hinh 1. M4 hinh nhiét phan ty dong sn xudt tro trdu

V4 trdu clia giéng lda HT1, loai phé bién nhat trén dia ban tinh
Thita Thién Hué, dugc thu thap nam 2022 dé€ phuc vu nghién ctu.
Nham xem xét dac diém ngudn v trau, vd trdu giéng HT1 duoc
gieo tréng trén 04 diéu kién canh tac khac nhau (théng thudng,
nhiém man, chua phén va khé han) dugc thu gom véi sé lugng da
I6n &€ sir dung lam nguén nguyén liéu déng nhat trong ca qua
trinh nghién ctu. Trau thu dugc ban dau dugc lam sach dé loai bd
cac chat thai va tap chat theo céch thong thuong van dam bao
chat lugng tro trau nhu nghién ctu gan day da chira [9].

2.2. Mo hinh nhiét phan theo huéng c6ng nghiép hoa

Trong linh vuc céng nghé nang lugng tdi tao, nhiét phan trong
diéu kién yém khi la mét phuong phap trién vong vé c& phuong
dién ky thuat va méi trudng dé chuyén déi vat liéu hiru co va chat
thai thanh cac sdn pham cé gia tri & dang chat khi, chat 16ng va
ché&t ran. M& hinh thiét bi nhiét phan cé thé chia thanh 2 nhém la
thi cong theo mé va tu déng hoa san xuat lién tuc. M6 hinh nhiét
phan lién tuc kiéu truc vit néi 1én nhu gidi phap céng nghé trién
vong cho su phat trién & quy mé céng nghiép nhu nghién ctu gan
day [10] da chi ra. Nghién cu hién nay vé mé hinh nhiét phan kiéu
truc vit tdp trung vao thu héi va x(r ly cac sdn pham khi va 16ng hon
la chat ran (tro trdu). C4u tao hé théng nay thudng phc tap va kho
ap dung & quy mé cong nghiép trong diéu kién san xuat thuc té€ &
Viét Nam.

M6 hinh nhiét phan lién tuc kiéu truc vit dé xuét trong nghién
ctu nay (Hinh 1) ¢6 bd phan chinh 1a buéng nhiét phan gdom mét
truc vit don c6 cdu tao dac biét quay trong vé kim loai, dugc gia
nhiét ti bén ngoai bang hé théng nhiét dién dat xung quanh vo
thép. Truc vit (8), hoat ddng nhd dong co (13), dugc thiét ké véi canh
vit udn cong dé dam bao vira khudy trén sao cho vé trdu nhan nhiét
lugng mét cach déng déu, visa van chuyén nguyén liéu lién tuc doc
theo truc vit [11]. V& trdu dugc truc vit van chuyén di qua buéng
nhiét phan trg thanh tro trau va dugc thu gom vao thung chia (12)
qua clfa xa liéu (11). Nang lugng nhiét phan dugc cung cap bai hé
théng nhiét dién (6) dat xung quanh buéng nhiét phan va gian tiép
cung cap nhiét luong vao trong buéng nhiét phan qua vé thép. Hé
théng nhiét dién dat c6 dinh trong khong gian gitia vo thép budng
nhiét phan va I&p bao 6n (7), ngoai cing la vo may (5). Trén Hinh 1,
truc cap liéu trong thuing cép liéu (1), hoat déng nha déng co (14),
c6 cau tao gém phan truc trén (3) lam nhiém vu déanh toi trau va
phan truc dudi (4) lam nhiém vu cap trdu vao buéng nhiét phan mot
cach dinh lugng va lién tuc theo yéu cau. Thuing cap liéu cé nap day
nham ngan khong khi d6i luu qua thung cap liéu va gay chay trong
buéng nhiét phan do thira 6-xy. Thung chia (12), dugc boc 16p bao
6n xung quanh, cé vai trd quan trong, lam nhiém vu gidp 8n dinh
nhiét dé trong budng nhiét phan, ngan khéng gay chay trau trong
buéng nhiét phan do thira oxy di vao qua ctra xa liéu (11), va duy tri
nhiét d6 nhiét phan tro trdu véi thai gian khoang 120 phut dé dam

1.Diéu khién déng co 1; 2.Diéu khién déng co 2; 3.Diéu khién nhiét d6; 4.Card thu s6 liéu;
5.Mdy vi tinh luu s6'liéu
Hinh 2. Nguyén Iy diéu khién va khao sét m hinh nhiét phan ty dong san xudt tro trdu
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2.3.Nguyén ly diéu khién va khao nghiém ché dé nhiét phan

Nguyén ly diéu khién va hé théng thu s6 liéu khdo nghiém
moé hinh nhiét phan trdu dugc mé ta trén Hinh 2. Luu lugng
trau dugc cap lién tuc theo yéu cau vao budng nhiét phan dugc
kiém soat bang bd diéu khién téc d6 dong ca (2). Chat lugng
tro trdu dugc quyét dinh béi thai gian trdu luu trd trong buéng
nhiét phan va kha nang trén déu trdu dé dam bao nhiét phan
hoan toan. Do d6, téc dé truc vit trong buéng nhiét phan dugc
diéu tiét theo yéu cau bang bo diéu khién téc dé dong co (1).
Nang lugng nhiét phan vo trdu cung cap bdi hé théng nhiét
dién dugc diéu khién théng qua cadm bién nhiét dé (T3) (Hinh 2)
sao cho hé théng duy tri budng nhiét phan dat ngudng nhiét
d6 nhiét phan yéu cau. Hé thong do s6 liéu nhiét @6 nhiét phan
phéan b6 doc theo buéng nhiét phan dugc thu tir cac cdm bién
T1, T2, T4, T5 (Hinh 2) va luu vao may tinh (5) bang card thu sé
ligu (4).

2.4. Phuong phap phan tich

Trong thi nghiém nay, cdc mau vo trau dugc nhiét phan & cac
diéu kién khac nhau gom loai trdu, nhiét do, thai gian. Nghién ctu
nay da tién hanh khao nghiém 04 loai trau c6 ngudn géc canh tac
khac nhau (thong thudng, khé han, nhiém man va phén chua), &
muc nhiét do la 700°C, t6c d6 gia nhiét (tU nhiét d6 phong dén
nhiét do nhiét phan yéu cau) la 15°C /phat. Mdc nhiét d6 700°C
dugc xac dinh cho hiéu suat thu hoi silica cao vdi nang lugng su
dung thap [12]. Méi khdo nghiém nhiét phan trau thuc hién trong
khoang 150 phut, gém 3 giai doan (Hinh 3): giai doan gia nhiét ban
dau, giai doan nhiét phan trdu va giai doan lam nguéi tro trau. Dé
danh gia cau trac pha tinh thé va kich thudc hat cua silica vo dinh
hinh dam béo hoat tinh pu-zo-lan cao, phuong phap nghién bi
hanh tinh (planetary ball mill) dugc 4p dung. Cac mau dugc thu
thap ti cac ché d6 khac nhau da dugc phan tich XRD, SEM va TEM.

3. KET QUA NGHIEN CU'U VA THAO LUAN

3.1. Phan tich hoat ddng mé hinh nhiét phan

Hinh 3 biéu dién mién phan bé nhiét dé cda cac cdm bién theo
thdi gian cla cac thi nghiém & diéu kién nhiét dé nhiét phan la
700°C. Mién phan bé nhiét dé tai méi thai diém c6 bién do trén
(nhiét d6 cao nhat) va bién do dudi (nhiét d6 thap nhat) lan lugt la
vi tri ctia cdm bién s6 4 (T4) va cdm bién s6 1 (T1). Cac nhiét do do
dugc tir cdc cdm bién khac (T2, T5) tai méi thai diém tuong Ung
phan bé trong mién nhiét d6 nay. Trong giai doan gia nhiét ban
dau (khoang 50 phut), hé théng nhiét dién cung cap nhiét lugng
dé gia nhiét budng nhiét phan tir nhiét dé phong (khoang 25°C)
dén nhiét dé nhiét phan can thiét. Trong giai doan nhiét phan trau
(khodng 60 phut), khi nhiét dé trong buéng nhiét phan dat dén
nhiét d6 nhiét phan can thiét (700°C), phéu cép liéu sé dugc tu
dong diéu khién cap trau vao budng nhiét phan theo luu lugng cai
dat trudc. Thai gian trdu ti phéu cap liéu di chuyén dén cla xa
(hay goi la thai gian luu trd cda trdu trong budng nhiét phan) dé
chuyén hoa trdu thanh tro trdu mat khoang 30 phut. Trong 30 phut
dau tién nay, nhiét dé do dugc ti cac cdm bién c6 su dao déng do
nhiét lugng cung cap cho dong tradu dau tién di vao budng nhiét
phan. Trong 30 phut tiép theo, nhiét dé trong budng dét tré nén
tuong d8i 6n dinh, dong thai nhiét dd cé su tang nhe do tich tu
nhiét cla tro trdu di chuyén qua buéng nhiét phan. Trong thi
nghiém nay, trdu dugc cung cdp vao budng nhiét phan trong 60
phut (d€ du lugng tro trdu can thu nhan trong thung chua tro
trdu), sau d6 ngét hé théng nhiét dién va chuyén sang giai doan
lam nguoi. G giai doan lam ngudi (khoang 30 phut), do hé théng
nhiét dién ngling hoat déng nén nhiét dé bat dau giam theo quan
sat s6 liéu trén tat ca cac cadm bién.
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Hinh 3. Phén bé nhiét do nhiét phan v6 trdu theo thai gian khdo nghiém

3.2. Phan tich pha vat liéu tro trau

Nhadm danh gia dac diém cda san pham tro trdu thu dugc tu
mod hinh nhiét phan tu déng, noi cach khac la danh gid su hinh
thanh silica vé dinh hinh (cé hoat tinh pu-zo-lan cao phu hgp yéu
cau trong san xudt bé téng), cac phan tich nhiéu xa tia X (XRD)
dugc thuc hién trén 04 mau tro trdu cé nguén géc khac nhau va
mau silica fume thuang pham (SF). Két qua phan tich phé XRD cua
04 loai mau tro trdu va cGa mau SF dugc biéu dién trén Hinh 4.
Trén Hinh 4, dinh réng, c6 cudng d6 cao, quan sat dugc tai goc 22°
trong tat ca cac mau la dac trung cla silica vo dinh hinh. Dac trung
nay quan sat thdy déng nhat trén tat ca cac mau tro trdu c6 nguén
g6c¢ canh tac khac nhau va mau SF. Riéng mau tro trdu c6 nguén
g6c¢ canh tac binh thudng c6 xuat hién dinh nhon ré rang tai goc
26°, 1a goc dac trung cho silica & dang tinh thé. Biéu nay cho thay
san pham tro trau thu dugc gém ca silica vé dinh hinh va tinh thé.
Silica & dang tinh thé dugc chi ra c6 thé lam gidm tinh pu-zo-lan va
giam su hinh thanh cac lién két C-S-H trong bé tong. Tuy nhién,
silica tinh thé ciing dang dugc nghién ctiu d€ sir dung nhu mét loai
c6t liéu min gidp dién day ciu truc bé tong UHPC trd [én dac chac
han. Vi vay, mé hinh nhiét phan ty déng gitp kiém soat qua trinh
nhiét phan thuc hién dang ky thuat sé tao ra tro trau giau silica vo
dinh hinh, c6 hoat tinh pozzolanic cao nhu cac nghién cttu da chi
ra [13], tr& thanh vt liéu phu hgp thay thé xi mang hodc khoang
trong cong nghiép san xuat bé téng, dac biét la vat liéu UHPC
dang dugc quan tam nghién cdu hién nay.

3.3. Phan tich ciu tric bé mét tro trau

Cac dac diém hinh thai cu tric bé mat cda san pham tro trau
vGi 04 nguén gdc canh tac khac nhau & nhiét dé 700°C da dugc
phan tich bang Kinh hién vi dién t& quét - SEM (Hinh 5). Két qua
chup SEM cho thdy rang trong diéu kién dét chay dugc kiém soat,
céac chat hitu co dé bay hoi trong trau bao gém xen-lu-lo va lignin
bi loai bo, con lai cha yéu la silica vo dinh hinh véi cau tric té bao
vi x6p. Cau truc tro trdu c6 hinh dang khéng déu, bé mat x6p véi
cac 16 réng siéu nhé va hinh thanh roi rac. Cac vi 16 dugc coi la c6
anh hudng dang ké dén thé tich 16 réng, tir d6 anh huéng dén dién
tich bé mat cua tro trau [14]. Két qua phan tich SEM cling cho thay
ngudn géc canh tac khac nhau c6 anh hudng khong dang ké, riéng
cdu truc bén trong (Hinh 5.d) cho thay su khac biét cla loai tro trau
canh tac trén diéu kién nhiém man so véi cac loai con lai.

Hinh 6 trinh bay két qua phan tich SEM clia mau tro trdu & diéu
kién canh tac binh thudng sau khi nghién min dua vé kich thudc
micromet va mau xi mang PC40 st dung trong ché tao vat liéu UHPC.
Hinh 7 trinh bay két quéa phan tich TEM clia mau silica tro trau & diéu
kién canh tac binh thudng sau khi nghién min bang may nghién bi
hanh tinh dé dua vé kich thudc nano mét va két qua phan tich SEM
clia mau silica fume thuong pham. K&t qua cho thay nanosilica tro trau
(Hinh 7.a) c6 cau truc hat hinh tron dac trung cta silica tuong tu nhu
silica fume thuang pham (Hinh 7.b). Phuong phap nghién bi hanh tinh
la phuong phap vat ly trién vong dé diéu ché silica tro trdu & cac c& hat
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phu hgp, tham chi dén kich thudc nanomet nhdm c6 thé thay thé mét
phan xi mang, phu gia khoang céng nghiép hay b6 sung mét phan
nanosilica nhung van dam bao yéu cau ky thuat, tinh kinh t€ va moi
trudng so vdi cac phuong phap héa hoc khac. Cap phdi hat cla tro
trau dung thay thé mét phan xi mang hodc phu gia khoang SF sé anh
hudng dén d6 dac chic clia bé tdng UHPC va can dugc tiép tuc
nghién cutu, danh gid thuc nghiém. Nhu vay, thai gian, nhiét d0, qua
trinh nghién phai dugc lua chon can than trong qua trinh san xudt tro
trdu dé thu dugc tro trdu cé hoat tinh pu-zo-lan cao (vé dinh hinh va
d6 x6p cao).
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Hinh 4. Két qua phan tich XRD cda Silica fume (SF) va 04 loai tro trdu nhiét phan &
nhiét @9 700°C
=

Hinh 5. Két qua phan tich SEM cdu tric cta 04 logi tro trdu & nhiét
dé 700°C tuong ung véi diéu kién canh tdc (a) nhiém phén, (b) khd

Hinh 6. Két qua phan tich anh SEM 6 kich thudc 5 micron ctia (a) tro trdu loai binh
thudng va (b) mau xi méng PC40

o1

Hinh 7. Két qua phan tich TEM & kich thudc nanomet cta (a) silica tro trau loai binh
thudng va (b) silica fume thuang pham

4, KET LUAN

Mot s6 két luan dugc rat ra tir két qua nghién cliu nhu sau:

K&t qua phan tich pha vat liéu XRD va cdu trac vat liéu SEM cua
04 loai trau c6 nguédn goc canh tac khac nhau cho thdy chat lugng
nguodn tro trdu phu hgp vai tinh chat vat liéu st dung trong bé
téng xi mang ma khéng phu thudc nhiéu vao diéu kién canh tac.

M6 hinh nhiét phan ty dong hoa trong san xuat tro trdu co
trién vong tng dung & quy mé céng nghiép hhdm cung cap mét
loai vat liéu phu hop c6 thé thay thé mét phan xi mang truyén
théng hodc phu gia khodng céng nghiép trong san xuat bé téng,
hudng dén nén cdng nghiép xay dung bén viing.

Ché d6 nhiét phan dugc kiém soat chit ché bang mé hinh
nhiét phan tu déng lién tuc cho phép san xuét silica vé dinh hinh
(hodc tinh thé) déng déu, lién tuc, dm bao su tuang déng vé chat
lugng so vdi silica fume thuong pham.

Phuong phap nghién bi hanh tinh 1a phuang phap vat ly trién
vong dé diéu ché silica tro trdu & cac c& hat phu hgp, tham chi dén
kich thudc nano mét nhdm cé thé thay thé mét phan xi mang, phu
gia khodng céng nghiép hay bé sung mét phan nanosilica nhung
van dam bao yéu cau ky thuat, tinh kinh té va moi trudng.

L&i cdm on

Nhom tac gia chan thanh cdm on su hé tro tai chinh clia B& Gido duc
vaDao tao cho nghién cliu nay tir dé tai “Nghién ctiu ting dung céng nghé
vat liéu nano goc silica tir vo trau cai thién mét sé dac tinh cla vat liéu bé
téng chat lugng siéu cao (UHPC) st dung thich hgp trong méi trudng dac
dung (bién, hai dao, cdng nghiép héa chat”, ma s6 B2022-DHH-15.

TAI LIEU THAM KHAO

[1] SaniJ, Yohanna P, Chukwujama . Effect of rice husk ash admixed with treated sisal fibre
on properties of lateritic soil as a road construction material. Journal of King Saud University-
Engineering Sciences. 2020;32(1):11-18.

[2] Al-Kutti W, Islam AS, Nasir M. Potential use of date palm ash in cement-based materials.
Journal of King Saud University-Engineering Sciences. 2019;31(1):26-31.

[3] Sandhu, Ravinder Kaur, Siddique, et al. Influence of rice husk ash (RHA) on the properties
of self-compacting concrete: A review. Construction and Building Materials. 2017;153:751-764.

[4] Bodie AR, Micciche AC, Atungulu GG, et al. Current trends of rice milling byproducts for
agricultural applications and alternative food production systems. Frontiers in Sustainable Food
Systems. 2019;3:47.

[5] El-Sayed MA, EI-Samni TM. Physical and chemical properties of rice straw ash and its
effect on the cement paste produced from different cement types. Journal of King Saud
University-Engineering Sciences. 2006;19(1):21-29.

[6] Meddah M, Praveenkumar T, Vijayalakshmi M, et al. Mechanical and microstructural
characterization of rice husk ash and AI203 nanoparticles modified cement concrete. Construction
and Building Materials. 2020;255:119358.

[71 Akinyemi BA, Adesina A. Recent advancements in the use of biochar for cementitious
applications: A review. Journal of Building Engineering. 2020;32:101705.

[8] Al-Khalaf MN, Yousif HA. Use of rice husk ash in concrete. International Journal of
Cement Composites and Lightweight Concrete. 1984;6(4):241-248.

[9] Greenwood NN, Earnshaw A. Chemistry of the Elements. Elsevier; 2012.

[10] Campuzano F, Brown RC, Martinez JD. Auger reactors for pyrolysis of biomass and
wastes. Renewable and Sustainable Energy Reviews. 2019;102:372-409.

[11] Heredia Salgado MA, Coba S JA, Tarelho LAC. Simultaneous production of biochar and
thermal energy using palm oil residual biomass as feedstock in an auto-thermal prototype
reactor. Journal of Cleaner Production. 2020;266:121804.

[12] Pham Viét H, Dao Van P, 3 Thanh T, et al. Anh huéng clia ché d nhiét phan dén thu
hdi Silica tir v trdu. Tap chi Khoa hoc va cdng nghé nong nghiép Trung Dai hoc Nong Lam Hué.
2023 06/20;7(2):3729-3737.

[13] Siddika A, Mamun M, Al A, et al. Study on concrete with rice husk ash. Innovative
Infrastructure Solutions. 2018;3(1):1-9.

[14] Feng Q, Yamamichi H, Shoya M, et al. Study on the pozzolanic properties of rice husk
ash by hydrochloric acid pretreatment. Cement and concrete research. 2004;34(3):521-526.

ISSN 2734-9888 | 02.2024 XAYiDUNG |63



