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, q TOM TAT '

Vo6 trau duge xem la phu pham nong nghiép co6 trir lugng 16n, thuong duge dot tu nhién gay phat
thai khi nha kinh hodc géy 6 nhiém mo6i truong nghiém trong do vo trau tuoi du thira qua 16n. Nguoc
lai, vé trau khi nhiét phan trong di€u kién yeém khi s€ thu dugc tro trau chura phan }(’m silica vO din}l
hinh, hoat tinh cao tuong tu nhu xi mang va silica fume cong nghi€p, nhitng thanh phan dong vai tro rat
quan trong trong phat trién cuong do vat lidu bé tong chat luong cao. Thong thuong, hi¢u suét thu hoi
silica tir tro trdu bi anh hudng boi ché do nhiét phan va dic diém nguyén lidu dau vao. Trong bai bao
nay, ching t01’ tién hanh khéao sat anh hudng cua} nhiét dp va thoi gian nhiét phan dén hiéu suit thu hoi
silica tir voO trau. Trgng nghién cru nay, cac mau vo trau dugc nhiét phan ¢ 03 mirc nhiét’ do 700°C,
800°C va 900°C. Moi mure nhiét d9 dugc nhiét phan trong thoi gian 1a 1 gio hodc 2 gio. KEt qud phan
tich XRD cho thy hi¢u suét thu hoi silica c6 thé dat dén 98%. Py la co so tién hanh nghién ctru ng
dung silica tir tro trAu nhu mot giai phap thay thé canh tranh véi xi mang va silica fume cong nghiép vé

chi phi va bao vé moéi truong trong cong nghiép vat liéu xay dung.
Tir khéa: Ché @6 nhiét phan, Tro triu, Hiéu suét, Silica
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ABSTRACT

Rice husks (RH), an agricultural waste material from the rice milling process, was often dumped
and/or open burned, causing greenhouse gas emissions or causing serious environmental pollution due
to a huge amount of waste rice husks. However, pyrolising the RH under a limited supply of oxygen
will yield rice husk ash (RHA), which shows excellent pozzolanic properties due to its high surface
area, high amorphous nature, and compatibility with cement concrete and industrial silica fumes. The
RHA derived silica depends on the time and temperature of the pyrolysis. In this paper, we investigate
the effects of temperature and time to the efficiency pyrolysis process to derive silica from rice husk. In
this study, rice husk samples were pyrolyzed at different temperatures of 700°C, 800°C, and 900°C. At
each temperature, samples were pyrolyzed for 1hr, 2hrs duration. The results of XRD analysis indicated
that the extraction efficiency of the pyrolysis process is 98%. Further research results could lead to the
application of silica from RHA as a cost- and environmentally competitive alternative in the production
of ordinary Portland cement and industrial silica fumes in the building materials industry.
Keywords: Pyrolysis process, Rice husk ash, Efficiency, Silica
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1. MO PAU

Vi su phat trién manh mé& vé kinh té
cling nhu su gia ting dan sé khong ngimg,
nhu cau xdy dung co sé ha ting va cong
trinh nha & dang tang 1én dot bién. Hau hét
vat liéu xay dung cong trinh dugc khai thac
tu tu nhién, tiéu thu nang lugng va chi phi
cao, tao ra chat thai gy 6 nhiém méi truong
nghiém trong trong qué trinh san xuat vt
liéu va thi cong cong trinh. Vat ligu xay
dung duogc sir dung phd bién 13 xi ming
podc lang (Ordinary Portland Cement:
OPC), bai day 1a vat li¢u c6 cuong do va do
bén co hoc cao, thuan tién va dé dang thi
cdng (Nuaklong va cs., 2020). Tuy nhién,
san xuét xi mang la mot nganh cong nghiép
tiéu thy ning luong va chi phi dau tu rat cao,
thai ra khi CO; trong qua trinh san xuat
(Rattanachu va cs., 2020). Khoang 5-8%
lugng khi thai CO; toan cau dugce tao ra tir
qué trinh san xut xi mang poodc ling (Khan
va cs., 2017; Sani va cs., 2020). Do d6, nhu
cau tim kiém giai phap thay thé xi ming
truyén thong bang cac ngudn khéac véi chi
phi thép, tiét kiém niang luong, than thién
v6i moi truong 1a rat cap thiét va dang thu
hat nhiéu nghién ctru hién nay.

Tro trau (Rice Husk Ash: RHA) thu
dugc tir qué trinh nhiét phan vo trdu c6 ham
lugng silica cao, c6 di¢n tich bé mat 16n, ban
chit vo dinh hinh cao, c6 kha nang lién két
tuong thich v6i ¢t lidu, va cho thdy dic tinh
pozzolanic tot, twong dwong véi xi méng
(Al-Kutti va cs., 2019; Sandhu va cs.,
2017). Do d6, nghién citu sir dung tro triu
nhu mot sy thay thé mot phan xi ming
truyén thong da thu hat nhiéu nha khoa hoc
boi tinh bén ving va than thién véi moi
truong cua tro trau (EI-Sayed & El-Samni,
2006; Meddah va cs., 2020).

Theo B§ Noéng nghi¢p Hoa Ky
(USDA) udc tinh rang san luong gao thé
gi¢i nam 2022/2023 s& la 507,99 triéu tin.
Nam 2021/2022, con ) nay 1a 515,08 tri¢u
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tin (San xudt noéng nghiép thé gidi,
12/6/2022). San lugng nay tdp trung chu
yéu & Chau A, noi san xuat hon 90% lugng
gao trén toan thé giéi (Vigneshwari va cs.,
2018). Qua trinh san xuat liia gao da tao ra
120 triéu tin trdu hang nim trén thé giéi
(Bodie va cs., 2019). Nhu vay, vo trau thai
ra tir qua trinh ché bién ltia gao 14 lugng chét
thai khong 16 ma néu khong xir 1y kip thoi
s& gy 6 nhiém moi trudng nghiém trong va
la m&t su lang phi 16n hién nay.

V6 trau sau khi chay, cac thanh phan
hitu co bi phan hily va thu dugc tro tréu.
Néu ddt trau trong diéu kién tu nhién thi tro
trdu thu duoc c6 ham luong silica khong
cao, néu tinh ché silica tir cac loai tro nay
thu dugc két qua rat thap, khong co hidu qua
kinh té. Tuy nhién, ap dung phwong phap
nhiét phan phu hop c6 thé thu dugc tro triu
c6 ham lugng silica cao 1én dén trén 90%
dén 98 % (Le, 2013). Pay 1a ngudn nguyén
lidu tiém ning rat 16n dé tong hop vat liu
silica.

Céac tinh chat vat ly, cling nhu dac
diém cua tro triu phu thudc vao diéu kién
nhiét phan. Theo d6, ham lugng silica trong
tro triu phu thudc vao nhiét do nhiét phan,
thoi gian nhiét phan, va nhiéu thong s6 dau
vao khac. Tuy theo san pham thu hdi mong
mudn 1a chat khi, cht Iong hay chat rdn ma
phuong phap nhi¢t phan nhanh, nhi¢t phan
cham hay khi hoéa s€ dugc lya chon. Véi
muc tiéu thu duoc tro trdu (dang chit rin)
¢6 ty 1& thanh phan silica cao, phuong phap
nhiét phan cham véi tbe do gia nhiét dén
nhi¢t d0 nhiét phan la 10°C/phut tr¢ 1én
thuong dugc st dung. Phuong phap nay phu
hop cho nhiét phan cac vat li¢u sinh khéi
khong can nghién min dén 1mm (Akinyemi
& Adesina, 2020). Véi phuong phap nhiét
phén cham, thoi gian nhiét phan thuong
dugc lua chon 1a 2 gio, boi véi thoi gian
nhiét phan nay, qua trinh dt yém khi cac-
bon s€ xay ra khong hoan toan khi nhiét 46
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nhiét phan thdp hon 500°C (Al-Khalaf &
Yousif, 1984). Két qua nghién ctru cho thiy
hiéu sut thu hoi silica c6 xu huéng tang dan
khi nhiét d¢ nhiét phan tang. Cu thé, khi
khao sat cac mirc nhi¢t do nhiét phan tir
450°C dén 850°C trong thoi gian 2 gio, hiéu
suat thu hoi silica twong tig ting tir 85,88%
I1én 87,72% (Al-Khalaf & Yousif, 1984) va
hiéu sudt dat dén 92,73% khi & nhiét do
1000°C (Hwang & Wu, 1989). Tuy nhién,
tinh chat hoa 1y cua san pham silica thu
duoc phu thudc vao pha vat liu silica dugc
tao thanh va do d6 s& quyét dinh mirc do
hoat tinh puzolan cua silica. Vi vay, nghién
ctru xac dinh ché d6 nhiét phan phu hop dic
diém ngudn vo triu hién c6 nhim ning cao
hi¢u suat thu hdi silica 14 can thiét va la co
s& cho san xuét silica tir vo triu phuc vu
nghién ctru thay thé mot phin xi méing, gop
phan ngan ngira khi thai CO; tir cong nghiép
xi mang ciing nhu vo trau du thira gy 6
nhiém mai truong.
2. NOI DUNG VA PHUONG PHAP
NGHIEN CUU
2.1. Vat liéu

V6 triu cua gidng lta Huong Thom
1 duoc thu thip dé khao sat thudc thi trin
Huwong Tra tinh Thira Thién Hué. S6 luong
v trau duge 1§y dt 16m dé thuc hién cac thi
nghiém trong ca qua trinh nghién ctru mot
cach ddng nhat. Cac miu vo triu dugc ria
sach, phoi kho va séy dat 46 4m 10 - 15%
trude khi nhiét phan.
2.2. Phuong phap nghién ctru

V6 trau dugc nhiét phan bang 10 nung
chuyén dung hiéu Nabertherm N7/H/B400
do Puc san xuat (Hinh 1.a). M&i mé nhiét
phan dugc cai dat & nhiét do thi nghiém lan
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lugt 1a 700°C, 800°C, 900°C trong thoi gian
la 1 gid hoac 2 gio. Qua trinh gia nhiét tur
nhiét 46 phong dén nhiét d6 muc tiéu duge
khdng ché theo toc do gia nhiét theo phurong
phap nhiét phan cham la 10°C/phat. Thoi
gian duy tri & nhiét do nhiét phan muc tiéu
dat rala 1 gio va 2 gid. Mau sau thoi gian
nhiét phan dugc lam ngudi ty nhién vé nhiét
d6 phong trong diéu kién yém khi (Hinh 3).

MJi diéu kién nhiét phan s& duoc bd
tri dong thoi 04 mau c6 khdi lugng 5g nhur
nhau dugc dinh lugng b?mg can dién tor ma
hiéu ScienTech SA-210 do My san xuét co
d6 chinh xac dén 0.1mg, va duoc dit riéng
1¢ trong cdc sir chuyén dung (Hinh 2). Mau
phan tich XRD sé& dugc ldy dai dién bang
céch tron déu tro cta 04 coc.

Cac mAu tro trau thu dugc sau qua
trinh nhiét phan dugc phan tich nhiéu xa tia
X (XRD: X Ray Diffraction) bing may
XRD ma hiéu Bruker D8 Advance Eco ctia
buc (Hinh 1.b) vai goc quét 26 tir 10° - 80°,
budc goc 0.02°/budc, budc thoi gian 0,2
gidy/budc. May phan tich XRD trong
nghién ctru nay s& cho ra két qua vé dinh
tinh c4u trac pha va dinh lugng thanh phan
pha vét ligu; cAu tric mang tinh thé; kich
thuéc va do két tinh cua tinh thé. Pinh
luong thanh phan pha dya trén dic diém
mdi thanh phan ctia hdn hop chat phén tich
¢6 pho nhidu xa chuéan dic trung. Ti 1é gitta
tich phan cudng do phd nhidu xa ctia thanh
phan va tich phan cuong do phd nhidu xa
hdn hop s& gitp dinh luong ty 16 thanh phan
pha trong hdn hop chit phan tich theo
phuong phap cua Rietveld (Bish & Howard,
1988).
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Hinh 1. (a) Lo nung Nabertherm N7/H/B400 va (b) May XRD Bruker D8 Advance Eco

7

V.

Hinh 2. (a) MAu vo tréu, (b) Mau tro trdu & 700°C, (c) Mau tro triu & 800°C va (d) Mu tro triu &
900°C
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3. KET QUA VA THAO LUAN
3.1. Anh hudng cia diéu kién nhiét do
nhiét phan

Két qua phan tich phd nhiéu xa tia X
(XRD) dugc trinh bay trén Hinh 4 va Hinh
5. Hiéu suat thu hoi silica va két qua thanh
phan pha ciia silica duge trinh bay lan luot
0 Bang 2 va Bang 3.

Hinh 4 trinh bay phd nhiéu xa ctia cac
mau tuong mg v4i nhiét d6 nhiét phan &
700°C, 800°C va 900°C dugc nhiét phan
trong thoi gian 1 gio. Két qua cho thiy mau
& nhiét do nhiét phan & 700°C cu tric pha
tinh thé silica khong rd rang tai goc nhidu
xa 21°, 22° va 27°. Theo d6, ham lugng
silica trong truong hop nay kha thap la
37,2% (Hinh 6) véi pha Quartz chi yéu
(Bang 1). Vi mau & nhiét d6 nhiét phan &
800°C cAu tric pha tinh thé silica 16 rang
hon mau & nhiét 46 700°C véi dinh dic
trung tinh thé silica rd hon tai cac goc nhiéu
xa 21°, 22° va 27°. Ham lugng silica trong
truong hop nay 1a 98% (Hinh 6) vdi pha
quartz va Tridymite chi yéu (Bang 1). Phd
nhiéu xa ciia mau tuong tmg voi nhiét do
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nhiét phan & 900°C cau trac pha tinh thé
silica rd rang nhat vé6i dinh dic trung silica
tai cac goc nhiéu xa 21°, 22°, 27°, 31° va 36°.
Két qua phd nhidu xa véi cac dinh dic trung
tai cac goc nay phu hop véi két qua nghién
ctru dugc cong bd (Atta va cs., 2012; Zabihi
va cs., 2018). Ham luong silica trong truong
hop nay 1a 95,9% (Hinh 6) v&i pha Quartz
va Cristobalite chu yéu (Bang 1). Két qua
trén Hinh 6 ciing cho thy hiéu suat thu hdi
silica ¢ nhiét d6 cao c6 xu hudng giam nhe.

Trén Hinh 5 trinh bay phd nhidu xa
clia cac mau tuong Umg v6i nhiét do nhiét
phan ¢ 700°C, 800°C va 900°C duoc nhiét
phan trong thoi gian 2 gio. Cac phd nhiu
xa thé hién cau triic pha tinh thé silica rd nét
tai goc nhiéu xa 21°, 22°, 27°, 31° & nhiét d6
900°C. Mot cach twong ty hiéu suat ciing
giam nhe tai nhiét 6 900°C nhu truong hop
nhiét phan 1 gio. Két qua cho thy su anh
hudng ctia nhiét do nhiét phan dén hiéu sut
thu hoi silica 1a khé cao (Hinh 6) so vdi cac
cong bd khac véi hiéu sudt 1a 91,56%
(Huang va cs., 2017) va 87% (Umasabor &
Okovido, 2018).
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3.2. Anh hwéng ciia thoi gian nhiét phan

Hinh 6 cho thdy, ¢ nhiét do nhiét
phan 700°C, thoi gian anh huéng 16n dén
hiéu suét véi 37,2% vdi thoi gian nhiét phan
1 gio va 98% voi thoi gian nhiét phan 2 gio.
Tuy nhién, & nhiét d6 nhiét phan 800°C va
900°C thoi gian anh huéng dén sy phan bo
pha cua silica hon 14 hiéu suat thu hoi silica.
That vay, hiéu sudt & ¢ nhiét do nhiét phan
800°C va 900°C déu gin nhu bing nhau
trong trudng hop thoi gian nhiét phan 1 gio
va 2 gio, 1an luot bang 98% va khoang 95%.

Thoi gian nhiét phan anh huong dén
su chuyén pha cua silica dugc thé hién trén
Béng 1. Theo d6, theo su ting dan cua nhiét
d6 nhiét phan sy chuyén pha theo thir tu tir
Quartz, Tridymite dén Cristobalite phil hop
voi két qua nghién ctu vé silica
(Greenwood & Earnshaw, 2012). Cu thé, &
nhiét d6 nhiét phan 700°C, thanh phan pha
Quartz 13 chi yéu va c6 mét phan chuyén
pha Cristobalite khi thoi gian tang 1én 2 gio.
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O d6 nhiét phan 800°C, thanh phan pha
Quartz giam va c6 mot phan chuyén pha
Tridymite. Khi thoi gian tang 1én 2 gio, ton
tai pha Quartz va Cristobalite, voi pha
Cristobalite 1a chi yéu. O do nhiét phan
900°C, thanh phan pha Cristobalite 1 chu
yéu ca khi ting thoi gian nhiét phan 1én 2
gio.

3.3. Pé xuit ché d9 nhiét phan thu hoi
silica tir v triu

Tir két qua phén tich & trén cho théy,
hiéu sudt qua trinh nhiét phan phu thudc vao
nhié¢t d6 va thoi gian nhiét phan. Yéu cu
dat ra can thiét phai lga chon ché d0 nhiét
phan phu hop, ¢6 hiéu suat cao nham chiét
tach t6i da ham lugng silica cho qua trinh
san xudt quy mo cong nghiép trong linh vuc
san xuat vat liéu xay dung.

Két qua nhiét phan cho thy, & nhiét
d6 nhiét phan 800°C cho cung hiéu suét cao
nhit trong ca hai trudng hop thoi gian nhiét
phén 1 gio hay 2 gio va truong hop nhiét
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phan trong 1 gio dugc du bao 1a cé hiéu qua
kinh t& hon do thoi gian str dung ning luong
it hon. O nhiét d¢ nay, hiéu suat khong phu
thudc vao thoi gian nhiét phan nhung c6 su
thay doi vé ty 1é thanh phan pha cua silica.

So sanh hai truong hop c6 higu suét
nhu nhau khac 1a nhiét phan ¢ 800°C trong
thoi gian 1 gio va nhiét phan ¢ 700°C trong
thoi gian 2 gid, truong hgp nhiét phan &
700°C duogc du bao c6 hiéu qua hon. Thuc
vay, khi trién khai nhiét phan vo trau ¢ quy
mod cong nghiép, nhiét do nhiét phan cao
hon khéng nhiing st dung nang lugng lon
hon, ma con khién céac thiét bi nhiét phan
kém bén, dic biét 1a cac bd phan chuyén
dong nhu mo hinh 10 nhiét phan sinh khéi
lién tyc dang truc vit (Heredia Salgado va
cs., 2020) hoac chi phi cao hon cho str dung
vat liéu chiu nhiét. Do do, ché do nhiét phan
v&i nhiét d§ nhiét phan 700°C vdi thoi gian
nhiét phan 2 gio duoc dé xudt dé lya chon
trong nhiét phan vo trau thu hoi silica hop
1y nhat.

4. KET LUAN

V6 trau gidng laa Hwong Thom 1 da
duoc str dung dé nhiét phan trong thoi gian
1 gio va 2 gio voi 03 mirc nhiét d6 700°C,
800°C va 900°C. Tir két qua phan tich, mot
sb két luan dugc dua ra nhu sau:

Thanh phan silica cd trong tro trau rat
cao, véi 5/6 trreong hop nghién ctru dat hiéu
Suit trén 95%, trong d6, hiéu suat cao nhat
dat 98% & nhiét d6 700°C trong thoi gian 1
gio va nhiét d6 800°C trong ca hai trueong
hop 1 gio va 2 gio.

Hiéu suat thu hdi silica tir vo trau ¢
nhiét do6 800°C la nhu nhau, khéng phu
thudc vao thoi gian nhiét phan 1 gio hay 2
gio, nhung thanh phan pha silica cé sy khac
nhau.

O nhiét d6 nhiét phan 900°C ciu tric
pha tinh thé silica rd rang nhét véi dinh dic
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trung silica tai cadc goc nhidu xa 21°, 22°,

27°, 31° va 36°.

Ché d6 nhiét phan & 700°C trong thoi
gian 2 gio bude dau duge danh gia c6 trién
vong va can dugc danh gia toan dién hon dé
c6 co sd ap dung hiéu qua.

Két qua trén 1a co s& quan trong dé
thuc hién c&c nghién ctu danh gia anh
huong cua thanh phan pha silica dén tinh
chat co Iy cua vat liéu xay dung ciing nhu
thay thé mot phan xi ming va phu gia cong
nghiép c6 chi phi cao va quéa trinh san xuét
dang tac dong tiéu cuc dén méi truong
(Siddika va cs., 2021).

LOI CAM ON

Téc gia chan thanh cam on sy hd trg
tai chinh cua B6 Giao duc va Pao tao cho
dé tai “Nghién ciru tng dung cdng nghé vat
lieu nano gdc silica tir vo trau cai thién mot
sb dic tinh cua vat liéu bé tdng chat lugng
siéu cao (UHPC) str dung thich hop trong
moi truong dac dung (bién, hai dao, cong
nghiép héa chat), ma sé B2022-DHH-15.
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