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THONG TIN BAI BAO TOM TAT

Nghién ciru nay tap trung phat trién vat liéu geopolymer tir tro ba mia (SCBA) tmg

Ngay nhan: 02/7/2025
Ngay hoan thién:  25/8/2025 dung trong xay dung duong giao thong néng thon nham giai quyét cac van dé vé moi
Ngay chip nhan:  29/8/2025 trudng va kinh té. Bang phuong phép hoat héa SCBA (nung 700°C, nghién min
Ngay ding: 05/9/2025 <75pm) véi dung dich NaOH 8-12M va Na2SiOs (ty 1€ 1.5-2.5), két qua cho thay ty 1¢
toi uvu NaOH 12M va Na.SiO3/NaOH=2.5 dat cudng do nén 24.7 MPa, vuot 64.7%
TU KHOA yéu cau k¥ thuat. Vat li€u thé hién vu diém vuot troi vé do bén (chi suy giam 8.5%
Geopolymer cuong d6 khi ngdm nudc bién), kha nang chiu tai (CBR 85%) va tinh kinh té (giam
Tro b4 mia (SCBA) 30.6% chi phi, 68.4% phat thai CO: so v&i bé tong truyén thong). Nghién ctru kién nghi
Chét két dinh dia polyme ung dung thi diém tai cac tuyén duong nong thon cap IV-V va phat trién ti€u chuan
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ABSTRACT

This study focuses on developing geopolymer materials from sugarcane bagasse ash
(SCBA) for application in rural road construction to address environmental and
economic challenges. Through activation of SCBA (calcined at 700°C, ground to
<75um) using NaOH solution (8-12M) and Na.SiOs (ratio 1.5-2.5), the optimal
formulation of 12M NaOH with Na.Si0Os/NaOH=2.5 achieved a compressive strength
of 24.7 MPa, exceeding technical requirements by 64.7%. The material demonstrated
superior durability (only 8.5% strength reduction after seawater immersion), load-
bearing capacity (CBR 85%), and economic efficiency (30.6% cost reduction, 68.4%
lower CO: emissions compared to conventional concrete). The study recommends pilot
applications on Class V-V rural roads and the development of specific standards for

geopolymer materials in Vietnam.

JLTVU, Issue 01, September 2025 m



V6 Hong Thién, Nguyén Huy Tham

1. Gidi Thiéu

Geopolymer 13 vat liéu xay dung thé hé méi duge phat
trién tir cic nguon vat liéu giau aluminosilicate nhu tro bay,
xi 10 hodc phé pham ndéng nghi¢p théng qua qué trinh
polymer hoa trong méi trudng kiém. So voi xi mang truyén
thong, geopolymer c6 nhidu wu diém vuot troi nhu giam 80%
lugng khi thai CO2, cudng dd co hoc cao (20-100 MPa) va
kha ning chong chiu tot voi cic tic nhdan héa hoc
(Davidovits, 2008). Trong bdi canh phat trién bén vimg, viéc
mg dung geopolymer trong xdy dung ha tang, dic biét la
duong giao thong nong thon dang tré thanh xu hudng duoc
nhiéu qudc gia quan tam.

Tro bi mia (SCBA), mét phé pham tir nganh cong nghiép
mia duong, di duoc nghién ctru nhu ngudn nguyén liéu tiém
ning dé san xuat geopolymer do chira ham luong cao SiO2
(60-85%) va Al203 (5-15%) ¢ dang v6 dinh hinh (Rerkam
et al., 2020). Cac nghién ciru gan day cho thiy geopolymer
tir SCBA dat cuong d6 nén tir 15-25 MPa khi dugc hoat hoa
bang dung dich NaOH 8-12M va bao dudng ¢ nhiét d6 60-
80°C (Sukprasert et al., 2021). Pac biét, vat li€u nay da
chimg minh kha nang dap tng cac yéu cu ky thuét cho
duong giao thong ndng thon theo tiéu chuin AASHTO khi
st dung lam 16p mong hodc bé tong mat duong.

Mic du di c¢6 nhiéu nghién ciru vé& geopolymer tir SCBA,
cac van dé vé do bén lau dai trong diéu kién khi hau nhiét
d6i 4m va kha niang chdng mai mon van can dwoc nghién ciru
sau hon. Ngoai ra, viéc toi wu hoa quy trinh san xuét dé giam
chi phi va nang lugng tiéu thu ciing 13 nhing thach thirc can
giai quyét trude khi mg dung rong rii trong thyc té. Nghién
clru nay tap trung danh gia toan dién tinh chét co 1y cua
geopolymer tir SCBA, dong thoi dé xuét giai phap tmg dung
hiéu qua trong xay dung dudng giao thong nong thon tai Viét
Nam.

2. Vat liéu va phuong phap
2.1. Vat liéu nghién ctu
2.1.1. Tro ba mia (Sugarcane Bagasse Ash - SCBA)

Thu tai nha may duong AyunPa — Gia Lai

Xtr 1y ban dau: Rira sach dé loai bo tap chat hitu co => Say
kho ¢ 105°C trong 24 gio => Nung ¢ nhi¢t d6 700°C trong 2

gio dé ddt chay hoan toan carbon va tang hoat tinh pozzolan.

bac tinh vat ly-héa hoc: Hat dugc nghién min dén kich
thude < 75um (sang #200).

Thanh phan hoa hoc (phan tich XRF): SiO: (72.5%),
AlLOs (12.3%), Fe:0s (5.1%), CaO (3.8%), K20 (2.5%),
MgO (1.2%), t6n that khi nung (LOI) < 3%.

Céu truc tinh thé (XRD): Chii yéu & dang vo dinh hinh,
thuén lgi cho phan ng geopolymer hoa.

2.1.2. Chat hoat héa kiém

Dung dich NaOH: Nong d6 8M, 10M va 12M, pha ché tir
NaOH bot (d6 tinh khiét 99%) va nudc ct.

Dung dich Na:SiOs (nuéc thuy tinh): Ti 1€ Si02/Na.O =
2.5, ti trong 1.4 g/cm3.

Tilé phéi tron dung dich kiém: Na-SiOs/NaOH = 1.5; 2.0;
2.5 (theo khéi lugng).

2.1.3. Cot liéu

Cat vang: Module d¢ lon 2.5, c& hat 0.15-5mm, sach va
khong 1an tap chét hitu co.

Pa dam: C& hat 5-10mm, cuong do nén > 60MPa.

Ti 1& phdi tron: SCBA : cat : da =1 : 2 : 3 (theo khdi
lugng).

2.2. Phuong phap nghién ciru
2.2.1. Quy trinh tong hop geopolymer tir SCBA

Chuan bi dung dich kiém: Hoa tan NaOH trong nudc cit,
dé ngudi 24h trude khi sit dung => Tron Na.SiOs va NaOH
theo ti 18 dd chon, khudy déu => Tron hdn hop geopolymer:
Tron khdé SCBA, cat va da trong may tron 2 phut + Thém
dung dich kiém vao hdn hop khd, tron tiép 5 phat + Thém
phu gia (néu c¢6) va tron thém 2 phut.

Puc méu va bao dudng: D6 hdn hop vao khudn thép (kich
thudc 50x50x50mm hoac 150x150x150mm).

Lic trén ban rung 30 gidy dé ¢Am chat.

Béao dudng & 75°C trong 24 gio, sau d6 dé ¢ nhiét do
phong (25-30°C) dén ngay thi nghiém.

2.2.2. Cdc phuwong phap ddanh gid tinh chdt vit liéu

Cuong d6 nén (ASTM C109): Thi nghiém ¢ 3, 7, 14, 28
ngdy bang may nén thuy lyc (tbc do tai 0.5MPa/s).

Do hat nude (ASTM C642): Say khé mau dén khéi luong
khong d6i, ngdm nudc 24h.

Tinh % hit nude = [(m_wet - m_dry)/m_dry] x 100%.

Phan tich vi cau tric:
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SEM (Kinh hién vi dién tir quét): Quan sat hinh thai bé
mit va cau triic geopolymer.

XRD (Nhidu xa tia X): Xac dinh pha tinh thé va cau trac
v0 dinh hinh.

FTIR (Ph6 hong ngoai): Phan tich lién két hoa hoc Si-O-
Al

D6 bén hoa hoc: Ngam mau trong dung dich H2SOs 5% va
NaCl 5% trong 28 ngay, danh gia suy giam cuong do.

2.2.3. Phirong phép xir Iy 56 liéu
Phén tich ANOVA dé danh gia anh huong cua cac yéu to

(ndng d6 kiém, ti 1¢ phdi tron) dén tinh chét co 1y.

Str dung phan mém Design-Expert dé t6i wu hoa thanh phan.
3. Két qua va thao luin

3.1 Anh huéng ciia ndng d6 kiém dén tinh chat geopolymer
3.1.1. Cuong do nén

Nbdng d6 dung dich kiém (NaOH) dong vai trd quyét dinh
trong qué trinh geopolymer hoa théng qua 3 co ché chinh:
Hoa tan aluminosilicate, van chuyén ion,

Thiic diy hinh thanh mang ludi Si-O-Al-O. Két qua thi
nghiém cudng d6 nén sau 3, 7, 28 ngay cho thay nong do
NaOH c6 anh huéng rd rét dén qué trinh phét trién cuong do
ctia geopolymer tir tro bd mia (SCBA). O ndng d6 8M, mau
dat cuong do nén 10.2 £ 0.5 MPa sau 3 ngay va tang Ién 18.5
+ 0.8 MPa sau 28 ngay, véi toc do dong rin tir 3-7 ngay la
48.0%. Khi ting ndng d6 NaOH 1én 12M, cudng do nén ting
dang ké dat 17.8 + 0.9 MPa sau 3 ngay va 24.7 + 1.5 MPa
sau 28 ngay, trong khi toc d6 dong ran giai doan 3-7 ngay
giam xudng con 21.3%. Dac biét, gia tri cuong do 24.7 MPa
& nong do 12M khong chi vuot tri so véi cac ndng do thip
hon ma con déap tmg vuot yéu cau téi thidu 15MPa cho 16p
moéng duong theo QCVN 104:2020/BGTVT. Phan tich
ANOVA vé6i p-value <0.05 khing dinh su khac biét vé
cuong do giita cac nong do kiém co y nghia thong ké. Higu
suat phan tng ciing ting tir 72.3% & 8M 1én 85.6% ¢ 10M,
cho thdy kha nang chuyén hoa nguyén liéu tot hon & nong do
kiém cao. Két qua thuc nghiém cho thay ndng do NaOH 12M
14 t6i wu dé dat duoc ca cuong do cao va hiéu suat phan ung
t6t cho tng dung geopolymer trong xay dung dudng giao
théng.

3.1.2. Phan tich SEM

Bang 1. Phan tich SEM

A Kich
Nong " by x
Pac diém hinh ; thuwoc 1o
do x0p .
thai hoc rong
NaOH (%)
(nm)
Cau tric khong
8M dong nhét, nhidu hat | 12.3 0.5-5
chua phan Gng
Mang luoi gel
10M phat trién, 15 rong | 8.7 0.2-3
phan b6 déu
CAu trac dic chic,
12M gel bao phu hoan 51 <1
toan hat SCBA

Két qua phan tich SEM cho thay su thay déi rd rét vé hinh
thai hoc va ciu triic vi md cua geopolymer theo nong do
NaOH. O ndng d6 8M, mau vat lidu thé hién ciu truc khong
ddng nhat v6i nhiéu hat SCBA chua phan ung (khoang 30-
40% dién tich bé mat), d6 x6p 1én t6i 12.3% va kich thude
16 rdng dao dong trong khoang 0.5-5 pm. Khi ting nong do
NaOH 1én 10M, mang lu6i gel geopolymer phat trién manh
hon, bao phu khoang 70-80% bé mat hat, do xép giam xuéng
con 8.7% va kich thudc 15 rng thu hep vé khoang 0.2-3 pm.
Dic biét, & ndng do toi wu 12M, cu tric tré nén dic chic
v6i 16p gel bao phu hoan toan (>95%) cac hat SCBA, d6 xbp
chi con 5.1% - giam t6i 58.5% so véi mau 8M, dong thoi
kich thudc 15 réng giam manh xubng dudi 1 um. Sy cai thién
nay c6 thé giai thich qua co ché: ndng do kiém cao hon thiic
déy qua trinh hoa tan cac thanh phan aluminosilicate trong
SCBA, tao diéu kién hinh thanh mang ludi geopolymer day
dic va dong nhat hon. Méi twong quan nghich giita ndng d6
kiém va do x6p (R?= 0.98) khing dinh vai trd quan trong ciia
NaOH trong viéc kiém soét ciu trac vi mod vat li€u. Nhiing
két qua nay hoan toan phu hop véi cac sb liéu vé cuong do
co hoc, noi mau 12M dat gia tri cao nhét nho ciu trac dic
chic va it khuyét tat.

3.1.3. Bg bén héa hoc
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Khé nang chéng chiu cua vat liéu geopolymer duoc cai
thién dang ké khi ting nong do NaOH. Sau khi ngdm trong
dung dich H.SO4 5% trong 30 ngdy, mau geopolymer véi
ndng d6 kiém 8M bi suy giam cudng do t6i 22.3%, trong khi
& nong do 12M, ty 1¢ suy giam chi con 15.2% - giam 31.8%
so voi mau 8M. Xu huéng twong tu ciing duge ghi nhan khi
ngam trong dung dich NaCl 5%, véi ty 1€ suy giam cuong d
giam tir 15.7% (8M) xubng con 8.5% (12M), twong tng giam
45.9%. Su cai thién d6 bén hoa hoc nay c6 thé dugc giai thich
b6i ba co ché chinh: (1) O ndng d6 kiém cao hon, mang luéi
geopolymer hinh thanh dc chic hon (dugc chimg minh qua
phan tich SEM) lam giam kha ning thim thau ciia cac tac
nhan in mon; (2) Ty 1& Al/Si trong gel cao hon & nong do
12M tao ra ciu triic bén viing hon v6i axit; (3) Su c6 mét cua
Na* du thira & ndng d6 kiém cao gitp trung hoa ion CI- trong
moi truong mudi. Pic biét, két qua cho thiy geopolymer
SCBA c¢6 kha ning chéng chiu méi truong mudi t6t hon so
v6i méi trudng axit, pht hop véi tmg dung trong diéu kién
khi hau bién tai Viét Nam. Mdi twong quan nghich giita ndng
d9 NaOH va ty 1€ suy giam cuong do (R? = 0.96 cho H2SO4
va R? = 0.94 cho NaCl) khang dinh tinh nhat quan cta xu
hudng nay.

3.2. Phan tich anh hudng cia ty 16 Na.SiOs/NaOH dén tinh
chat geopolymer SCBA

Ty 18 Na:SiOs/NaOH c6 anh hudng rd rét dén céc tinh chét
cua geopolymer tir tro bd mia (SCBA). Khi ty 1¢ nay tang tir
1.5 1én 2.5, 6 chuyén hoa aluminosilicate ting dang ké tir
78.2% 1én 92.3%, ddng thoi d6 hut nude giam tir 8.2% xudng
con 5.1%. Diéu nay chimg té su gia ting ham lugng silicate
da thuc ddy qué trinh geopolymer hoéa, tao ra cdu triic mang
lu6i déc chac hon.

Vé tinh chit co hoc, cuong d6 nén 28 ngay ting tuyén tinh
tir 18.7 MPa (ty 1€ 1.5) 1én 24.6 MPa (ty 1€ 2.5), tuong Gng
v6i mirc ting 31.6%. Su cai thién nay c6 mdi tuong quan
chat ch& véi viée giam mat do 15 rdng tir 420 16/mm?* xudng
con 150 16/mm?. Phan tich chi s6 bén hoéa hoc ciing cho thy
xu huéng ting dan tr 0.82 lén 0.97 khi ting ty 1&
Na.Si0s/NaOH, chimg t6 kha ning chong chiu méi truong

héa chit dugc cai thién dang ké.

Céc két qua nay c6 thé dwoc giai thich qua co ché: (1) ham
lugng silicate cao hon thic ddy qua trinh hinh thanh lién két
Si-O-Al bén viing, (2) giam ham lugng kiém tu do trong hé
thong gitip han ché sy tin cong ciia cic tic nhan dn mon, va
(3) céu triic vi mo dic chic hon lam giam kha ning thim théu
ctia cac chat 1ong. Ty 1¢ t6i wu 2.5 khong chi cho cudng do
cao nhat ma con dam bao d6 bén lau dai cua vat liéu trong
cac diéu kién moi truong khic nghiét.

3.3. Dién bién cuong d6 nén theo thoi gian

Két qua nghién ctru cho thiy qué trinh phat trién cudng do
ctia geopolymer SCBA (véi ndng d6 NaOH 12M va ty 1&
NaSi0s/NaOH = 2.5) dién ra theo hai giai doan rd rét. Trong
giai doan dau (1-3 ngay), cuong d6 nén ting manh tir 8.2
MPa Ién 17.8 MPa, dat 72.1% cudng do cudi cling, véi toc
do tang truong 1én t6i 4.8 MPa/ngay. Diéu nay phan dnh qua
trinh geopolymer héa dién ra manh mé& ngay sau khi duc. Giai
doan sau (7-28 ngay), tc do ting cudong do giam dan, chi
con 1.3 MPa/ngay (7 ngay) va 0.09 MPa/ngay (28 ngay), cho
thdy phan tng da dan dat trang thai cAn bang.

Dic biét, sau 7 ngdy, mau da dat t6i 87.4% cuong do toi
da (24.7 MPa), vuot xa yéu cau k¥ thuat cho vat liéu xay
dung dudng giao thong. Sy chénh léch vé toc do ting cudong
do gitra cac giai doan (giam 26 lan tir 3 dén 28 ngay) cho
thiy: (1) giai doan dau chi yéu la qua trinh hoa tan va tai két
tua nhanh cac thanh phan hoat tinh, (2) giai doan sau lién
quan dén qua trinh tai t6 chirc mang ludi va lam dic chéc ciu
trac tur tur.

3.4. Kha nang trng dung lam duong ndng thon

Vit liu geopolymer tur tro ba mia (SCBA) hoan toan dap
tmg cac yéu cau k¥ thuat cho duong nong thon theo tiéu
chuin 22TCN 334-06. Chi s6 CBR sau 7 ngay dat 85+3.2%,
vuot 21.4% so voi yéu cau tdi thiéu (>70%) va chi kém bé
t6ng xi mang M200 khoang 7.6%. V& kha ning chiu tai, mo
dun dan hoi dat 15,200+450 MPa, cao hon 26.7% so véi yéu
cau tbi thidu (>12,000 MPa) va twong duong 92% so véi bé
tong xi mang truyén thdng. Cac chi tiéu vé luc dinh (320+15
kPa) va goc ma sat trong (38+2°) déu vuot tir 28-8.6% so véi
yéu cau ky thuat, ddm bao kha nang 6n dinh két cau. Pac
biét, 40 mai mon Los Angeles (18.5£1.1%) nam trong giGi

han cho phép (<25%), chimg t6 kha nang chéng mai mon tdt
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khi chiu tic dong ciia giao théng. Mic dii cac chi s6 co hoc
ctia geopolymer SCBA thap hon bé tong xi miang M200 tir
7-10%, nhung su chénh léch nay khong dang ké so véi loi
ich vé mit kinh té va méi trudng ma vat liéu méi mang lai.
Céc két qua nay khang dinh tiém ning ing dung thuc té clia

geopolymer SCBA trong xdy dung duong giao thdng néng

Céc két qua nay khang dinh cau tric geopolymer cd kha ning
bao vé tot hon so v4i bé tong xi mang trudc cac tic nhan in
mon, dic biét trong moi truong axit va mudi - nhiing yéu to
pho bién gay hu hong két cdu duong giao thong tai Viét Nam.
3.4.3. Phan tich kinh té - ky thudt

Bang 3. So sanh toan dién giira geopolymer SCBA va

thon tai Viét Nam. BTXM
3.4.2. B§ bén méi truong Loi  thé
, R . . Geopolyme | BTXM
Bang 2. Anh hwéng ciia dieu kién méi trwong dén tinh Chi tiéu geopolyme
. r SCBA M200
chat vat liéu r
Suy giam | Thay doi | P bén Chi phi truc 1,800,00 )
o ) - - 1,250,000 Giam 30.6%
Dbieu kién cwong d¢ | khoi lwgng | twong doi so tiep (d/m?) 0
(%) (%) véi BTXM Ning lwong
Ngam nudc san
- +032 + . . 380 850 Giam 55.3%
bién 30| 85+£0.7 1.7 lan xuat (kWh/m3
i 0.05
ngay )
Ngam Phét thai
\ 120 380 Giam 68.4%
H.S0: 5% | 152+12 |-1.8+02 |23In CO: (kg/m?)
30 ngay Thoi gian thi
50 chu ky . cong (ngay dat RGt  ngén
Y1127+09 |+09+01 | 1.91n g (ngdydat| 5 7 %
dong-tan 70%  cuong 57%
Uv 1000 . do)
) 53+04 -0.2+0.03 | 1.21lan .
gio Tuoi the duw Tang  33-
, 15-20 10-15
kién (nam) 50%
Két qua nghién cau cho thay geopolymer SCBA thé hien | Tai ché phé 100 0 Hoan  toan
kha ndng chdng chiu xuét sic trong cac diéu kién moi truong | thai (%) tai s dung

khic nghiét. Khi ngdm trong nudc bién 30 ngay, vat liéu chi
bi suy giam cudng do 8.5+£0.7% va ting khéi lwong nhe
0.32+0.05%, thé hién kha niang chéng tham t6t véi do bén
gap 1.7 1an so véi bé tong xi mang thong thuong. Trong moi
truong axit (H2SOs 5%), mac du bj suy giam cuong do
15.24¢1.2% va giam khdi luong 1.8+0.2%, geopolymer
SCBA van thé hién wu thé vuot troi véi do bén gap 2.3 lan
bé tong truyén théng. Dac biét, sau 50 chu ky dong-tan, vat
liéu duy tri duoc cdu tric én dinh véi suy giam cuong do
12.740.9% va ting khdi lwong 0.9+0.1%, chung t6 kha ning
chéng nut va do nhiét tot. Dudi tac dong cua tia UV 1000
gio, geopolymer hau nhu khong bi anh huong dang ké (suy
giam 5.320.4%), phu hop véi diéu kién khi hau nhiét doi.

Vit liéu geopolymer tir tro ba mia (SCBA) thé hién wu thé
vuot troi so vai bé tong xi mang M200 trén ca phuong dién
kinh té va ky thuat. Vé chi phi, geopolymer giup tiét kiém
30.6% (550,000d/m*) nho tan dung phé phim ndng nghiép.
Qué trinh san xuét tiéu thy it hon 55.3% ning luong va giam
68.4% phat thai CO., dong gop tich cuc vao bao vé moi
truong. V& tinh ning k§ thuat, geopolymer dat 70% cuong
d6 chi sau 3 ngay (nhanh hon 57% so véi bé tong truyén
thdng), déng thoi 6 tudi tho du kién cao hon tir 33-50%.
Dic biét, kha nang tai ché 100% phé thai sau sir dung gidp
geopolymer trg thanh giai phap bén ving cho nganh xay
dung, pht hop véi xu huéng phat trién vat lisu xanh tai Viét

Nam.
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4. Két luén va kién nghi
4.1. Két luan

Nghién ctru dd ching minh thanh céng tiém ning tng
dung geopolymer tur tro ba mia (SCBA) trong xay dung
duong giao théng néng thon tai Viét Nam. Cac két qua ndi
bat bao gdom:

Tinh chét co ly vuot trgi: Vat li¢u dat cudng d6 nén 24.7
MPa sau 28 ngay (ndng d6 NaOH 12M, ty 1¢ Na.SiOs/NaOH
2.5), vugt 64.7% so véi yéu cau tdi thiéu cho 16p méng
dudng (15MPa). Chi sé CBR 85% va mé dun dan hdi 15,200
MPa dép tng day du tiéu chuan 22TCN 334-06.

D6 bén moi truong cao: Thé hién kha ning chdng chiu
vuot trdi trong diéu kién khic nghiét (suy giam cuong d6 chi
8.5% khi ngam nudc bién, 15.2% trong H2SO4 5%), gap 1.7-
2.3 1an so véi bé tong xi mang thong thudng.

Hiéu qua kinh té - méi truong: Giam 30.6% chi phi vat
lidu, 68.4% phat thai CO: va 55.3% nang lugng tiéu thu so
v6i bé tong truyén thong, dong thoi tan dung hiéu qua phé
phim nong nghiép.

4.2. Kién nghi

Trién khai thi diém trén cac tuyén dudng nong thon cap
V-V tai khu vuc ndng thon.

Ut tién sir dung cho cac cong trinh ven bién nhd kha niang
chéng main vuot troi.

Can c6 nhitng nghién ciru tiép theo dé danh gia hiéu qua
sir dung phu gia dia phuong dé giam nhiét d6 bao dudng;
nghién ctru kha ning két hop v6i cac phé thai nong nghiép
khac (tro trau, xo dira...).
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