s Khoa hoc Ky thuat va Céng nghé

Tong quan tinh hinh nghién ctru vat liéu cao phan tir khoang
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Tom tit:

Trong bai tdng quan ngin gon nay, cic tic gia trinh bay vin tit nhitng két qua dién hinh vé vat liéu cao phan tir
khozing dwoc ché tao tir tro bay ciia cic nha may nhiét dién dot than, tro dt rac thai ciia cac nha may dét rac phat
dién va xi luyén kim do cic nha may luyén kim thai ra. Cac két qua dé dwoc trinh bay trong 15 bai bao dién hinh
trong ) hang tram bai bao da dwoc cong b6 trén nhiéu tap chi khoa hoc quéc té trong 20 nim gz‘m day Cic két qua
chinh ciia mdi bai bio trong s6 15 bai bao néu trén bao gom cac thong tin sau day cAc chit llen két rin va cac chit
kich hoat kiém dwoc sir dung, nhi¢t dj siy va thoi gian siy cac miu vat li¢u, d9 bén nén ciia miu vat liéu c6 do bén
nén cao nhit.

Trong phan “Két luin va thao luin”, cac tic gia dé xudt hwéng nghién ciru cong nghé vit liéu cao phén tir khoing

6 nwoc ta.

Tir khéa: cao phan tir khoang, chit kich hoat kiém, do bén nén, tro bay, tro dét rac, xi luyén kim.

Chi s6 phén loai: 2.5

Md dau

Vit liéu cao phan tr khoang 1a mot loai vat li€u xay dung co
céc tinh chét rat uu viét so vi bé tong sir dung xi ming Portland.
Vat li¢u cao phan tir khodng do nha vat li¢u hoc ngudi Phap Joseph
Davidovits phat minh tir ndm 1972. Ong vén la mot nha héa hoc
cao phén tir. Sau mdt s vu hoa hoan xay ra tai Phap trong khoang
thoi gian 1970-1972, gdy hau qud nghiém trong ma nguyén nhan
1a sy bét lra cua cac vat liéu cao phan tir, Davidovits quyét dinh
nghién ciru vat liéu cao phan tir khong bit lira va khong chay.
Nhim muc dich d6, ndm 1972 Davidovits thanh 1ap cong ty nghién
cuu tu nhan Cordi SA, sau nay tr¢ thanh Geopolymer Insitute.

Nhiing két qua nghién ctru ciia Davidovits va cac cong su da
dugc cap cac patent sau day:

- Davidovits J. (1972): FR 2,204,999 va FR 2,46,382; US
Patent 3,950,470.

- Davidovits J. and Legrand J.-J. (1974): FR 2,324,427; US
Patent 4,028,454 (1977); UK Patent 1,481,479 (1977); German
Patent 25,00,151 (1979).

- Davidovits J. (1979): FR 2,464,277 va FR 2,489,290; US
Patent 4,349,386.

- Davidovits J. and Sawyer J.L. (1985) US Patent 4,509,985.

Tom ‘Eét ndi dung céc patent néu trén da dugc trinh bay trong
bdo cdo tong quan [1].

Phat minh ctia Davidovits da thiic dy sy nghién ciru va san xuat
vat li¢u cao phan tir khoang tai cdc nudc c6 nén cong nghiép phat
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trién, thé hién ¢ viée td chirc hang loat cac hoi nghi khoa hoc quéc
té 1on. Tai Phap, thang 6/1988 Geopolyme Institute da to chirc tai
University of Technology of Compiége Hoi nghi toan chau Au lan
tha nhét vé Soft Mineralurgy, goi tat 1a Hoi nghi Geopolymer 88,
voi sy tai trg cua European Economic Commission. 11 nim sau
(6/1999), Geopolymer Institute t6 chirc Hoi nghi qudc té 1an thir
2 - Geopolymer 99 tai Saint Quentin (Phap). Hoi nghi qudc té lan
thir 3 Geopolymer 2002 dugc t6 chirc thang 10/2002 tai University
of Melbourne (Uc). Geopolymer 2005 World Congress da duoc
to chirc dé chao mimg L& ky niém lan thir 26 ngay J. Davidovits
thanh 1ap Geopolymer Institute.

Nhifg két qua nghién ciiu va iing dung

Nhiing két qua nghién ctru vé cong nghé san xuét vét liéu cao
phan tir khoang da duoc trién khai img dung vao viée xdy dung cac
cong trinh dan dung, dién hinh nht la Brisbane West Wellcamp
Airport (BWWA), Toowoomba, Queensland. San bay nay duoc
dua vao st dung phuc vu céc chuyén bay thwong mai cia hing
Quantas Link tir thang 11/2014.

Ngoai viéc duge st dung dé san xuét bé tong, vt liéu cao phan
tir khoang con dugc tmg dung rong rii trong doi song. Trong bai
béo [2], Jaarsveld va céc cong sy di trinh bay tiém nang tmg dung
sau day cua vat li¢u cao phan ta khoang:

1) Che phu cac dbng rac thai va céc bai chon lap can thiét phai
¢6 mot cu trac rin chic véi do bén cao dé ngan nudc mua, hodc
la lam mot mai che chic chin va an toan dé st dung mdt dién tich
nao do vao muc dich xay dung.
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Abstract:

In this shortreview, we present the mostsignificant results
of the research on geopolymer produced from fly ash of
the coal-fired power station or fly ash of the municipal
solid waste incinerator and ground granulated blast
furnace slag. These significant research results were
reported in 15 representative articles among hundreds
of articles published in international academic journals
during the last 20 years. The main results of each article
comprised following contents: used solid binders and
alkaline activating solutions, curing temperature and
curing time, compressive strength of the sample with the
highest compressive strength.

In the last section entitled “Conclusion and discussion”,
we proposed the directions of the research on geopolymer
in Vietnam.

Keywords: alkaline activator, blast-furnace slag,
compressive strength, fly ash, geopolymer, waste

incineration ash.

Classification number: 2.5

2) Tao ra mot 16p dém c6 do tham thau thép cho cac bai chon
lip dé giam thiéu su that thoat cac chit gdy 6 nhidm vao ngudn
nudc, hodc tao ra mot 16p dém cho cac hd nude sach dé ngan cho
nudc khong bi ngim xudng dudi & nhitng noi thiéu dét sét.

3) Xay dung cic tm ngin dyng dimg hodc cac cau tric dleu
khién dong nude 6 nhing noi can doi huéng dong nude, ca & gan
mit nude 1n sau trong long nude.

4) Xay dyng dap nudc hodc giir 6n dinh cac dap ngin quing
thai. Viéc xir ly quing thai ngay tai chd dé lam ting thé ning dong
ctmg gitip ich cho sy khai thac quing & nhiing ving nhay cam vé
moi truong, & do khong thé khai thac mo khong phai chi vi sy de
doa sat 16 cac dap ngan quing thai ma con vi su 10 11 cac kim loai
doc hai vao hé thng thoat nudc thai.

5) 0 nhiing chd can c6 vat liéu v6i bé mit tro khong bi tac
dong cta cac phan ung héa hoc, khong tham thau, khong c6 10
rong, ré tien va c6 dién tich rong deé chat loc quéng va thu gom céc
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chit da duoc chét loc thi can st dung vat liéu cao phan tir khoang.

6) Cac bé mat két cu nhu san nha, nha kho va duong bang
trong san bay.

7) Céc tim ngin xen k& 1an nhau trong cac khdi phé thai dé
giit cho céc khéi nay ¢d dinh va ngin chan khong cho céc 16p khac
nhau cht thanh déng, 16p nay trén 10p kia. Trong truong hop nay,
vét liéu cao phan tir khoang can c6 do tham théu thip va co do bén
trung binh.

8) Vit liéu cao phan tir khoang rét hitu dung di voi hoat dong
khai khoang. Bong ran nhanh va sém dat dugc do bén 13 hai tinh
chat wu viét cta vat lidu cao phan tir khoang can dugc phat huy
trong hoat dong khai khodng. Sy du dat cua céac loai quéng thai ¢
mo ciing nhu nhiét do tvong dbi cao trong hau hét cac mo doi hoi
phai 4p dung qua trinh tr¢ thanh cao phan tir khoang va rit dang
dugc nghién cru.

9) Nhitng ngudi khong phai 1a chuyén gia ciing ¢6 thé thyc
hién viéc dic sdn cac cu kién don gidn bé’mg bé tong cao phan
tlr khoang nhu 1am hang rao, 1am céc tAm lat via h¢ hodc lam cac
ng dan nudc ré tién. Noi chung, tinh chat d& d6 khudn cing véi
d9 co ngot clia kem cao phan tir khoang so véi xi mang Portland
14 rat thuan tién dé cho nhimg nguoi khong chuyén nghiép c6 thé
dé sir dung.

10) CH dinh cac chét thai doc hai nhw arsenic, thiy ngan va
chi. C6 thé day s& 1a mot trong nhimng linh vyc wu tién ma sy tro
thanh vat liéu cao phan tir khoang co thé tac dong 1én hién trang.
Tuy nhién van d& nay hién nay chua dwgc quan tim ding muc va
rat dang dugc nghién ciru.

11) Thyc hién viéc dong goi khong ton kém nhung lai 1du bén
cac chat thai doc hai nhu amidng va chat thai phong xa. So véi
vi€e su dung vat liéu cao phan tir khoang thi viéc stir dung xi mang
Portland qué ton kém ma lai khong bén.

12) MQi Vé:l'[’ liéu xay dung th@ng thuong nhu gach, ngoi va xi
méng deéu co theé dugc thay thé bang vat li¢u cao phan tu khodng.

Céch day tron 20 nam, Shi va Day [3] dd cong bé két qua
nghién ctru ché tao cao phéan tir khodng tir tro bay cua hai nha
mady nhi¢t dién ¢ Canada va Hoa Ky, va xi luyén kim cta nha
may luyén kim ¢ Canada. Cac chét kich hoat kiém 1a NaOH va
Na,SiO,. Céc tac gia da chimg minh rang, 40 bén nén cua vat liéu
dat gid tr1 cao nhit 50 MPa khi nong d6 NaOH 1a 10M.

Trong bai [4], Puertas va cac cong sy da trinh bay céc két qua
nghién ctru d bén nén cua vat lidu cao phan tir khoang trén co s&
tro bay va xi luyén kim v6i nhimng ty 1€ tro bay/xi khac nhau trong
nhimg quy trinh cong nghé c6 nhimg tham s6 khac nhau. Ca tro
bay 1an xi luyén kim déu do cac nha méay & Tay Ban Nha cung cap.
Chat kich hoat kiém duoc sir dung la NaOH co nong do 2M va
10M. Cac mau duoc sdy ¢ 25°C va 65°C trong 1 ngay, 7 ngay, 28
ngay va 90 ngay. Céc tac gia di chimg minh rang vét liéu cao phan
tir khodng dat gia tri 50 MPa khi dugc ché tao véi ty 1€ 50% tro
bay, 50% xi luyén kim, vdi n6ng d9 NaOH co gia tri 10M va dugc
sdy 6 25°C trong 28 ngay. D6 bén nén ting 16n 65 MPa khi chi c6
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xi luyén kim, vét liéu dugc sdy & 25°C hodc 65°C trong 90 ngay.

Téc dong cua ndng do Na O va cic ty sb SiO ,/Na,0, tro bay/xi
16n d6 bén nén cta vét liéu cao phén tir khoang tren co s0 tro bay
va xi luyén kim da dugc Garcia va cac cong sw nghién ciru [5]. Ca
tro bay 1an xi luyén kim déu do cac nha may & Mexico cung cap.
Chat kich hoat kiém la NaOH. Cac tac gia di ché tao thanh cong
vat liéu cao phan tur khoang dat do bén nén cao nhat 85 MPa khi
sir dung 4% Na,0, ty s6 SiO,/Na,0 bang 1 va 100% xi luyén kim.

Anh huéng cta xi luyén kim khi bo sung thém xi luyén kim
vao tro bay dén do bén nén ctia vat liéu cao phén tr khoang trén
co s0 tro bay da dugc Li va Liu nghién ctru [6]. Cac nguyén liéu
da duoc cac tac gia str dung la tro bay loai F, metakaoline, xi luyén
kim va thuy tinh l1ong. Thuy tinh 1ong c6 thanh phén chat ran gdbm

28% Si0,, 8,7% Na,0, con lai 14 nude. Ca tro bay 1dn xi luyén kim
déu do cac nha may cua Trung Qudc cung cép. Céc tic gia da thu
dugc céc két qua sau day: khi ty 1¢ xi luyén kim 13 4% so véi tro
bay thi do bén nén dat gia tri cao nhat 70 MPa.

Anh huéng cta xi luyén kim khi b6 sung thém xi luyén kim
vao tro bay dén do bén nén cua vat liéu cao phan tir khoang trén co
80 tro bay cling da dugc Kumar va cdc cong su nghién ctru [7]. Ca
tro bay lan xi 16 cao déu do céc nha may & An D¢ cung cdp. Chat
kich hoat kiém 12 NaOH, nhiét do siy la 27°C. Céc tac gia d thu
duoc két qua sau day: khi tang ty 1& xi luyén kim 1én 50% so v6i
tro bay thi d bén nén dat gi4 tri cao nhit 45 MPa.

Tac dong cla viéc bi nung & nhiét do cao dén do bén cua vat
liéu cao phan tir khodng trén co sd tro bay va xi luyén kim da dugc
Guerrieri va Sanjayan nghién ctru [8]. Chét kich hoat kiém 1a hon
hop cua dung dich Na SiO, v6i thanh phan hoa hoc 29,4% Si0,,
14,7% Na,0, 55,9% H 0 Va dung dich NaOH véi nong do 8M
Sau khi séy ¢ 27°C thi dern ra do d9 bén nén, gid tri do duoc khi do
dugc goilado bén nén ban dau. Pem cac mau di nung voi nhiét do
800°C trong 1 gid roi dé cho ngudi lai dén nhiét o phong méi dem
ra do d6 bén nén. Gia tri do dugc khi d6 1a do bén nong ton dw. Do
bén nén ban dau cao nhit co gia tri 80 MPa. B bén nén ton du c6
gid tri cao nhit 20 MPa.

Su phu thugc cua cac tinh chét ctia vét liéu cao phan t khoang
trén co s& tro bay va xi luyén kim vao ty 1¢ gilta tro bay va xi cling
nhur vao phuong phap sy di dugc Koh va céc cong sy nghién ciru
[9]. Tro bay va xi luyén kim dugc céc tac gia sir dung c6 ngudn
gdc tir cac nha may cia Han Qudc. Chat kich hoat kiém 1a mot hdn
hop cua Na,SiO, va NaOH. Vi ty 1€ tro bay va xi 1a 50/50 va v6i
nhiét do sdy 1a 20°C vit liéu cao phan tir khoang c6 do bén nén
cao nhat 70 MPa. Ciing v6i ty 1é tro bay va xi 1a 50/50 nhung v6i
nhiét o séy la 60°C thi vat liéu cao phan tir khoang c6 do bén nén
cao nhat 75 MPa.

Tinh chit co hoc va cdu trac ciia vat lidu cao phan tir khoang
trén co sO tro bay va xi luyén kim da dugc Yang va cac cong su
nghién ctru [10]. Nguon cung cdp tro bay va xi luyén kim la 2
nha may ¢ Trung Québc. Céc chét kich hoat kiém duoc sir dung la
Na,SiO, véi ty s6 SiO,/Na,0 bang 2,44 va NaOH. Tir hai chét kich
hoat klem do, cac tac gia da ché tao hdn hop kich hoat kiém véi ba
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gié trj clia ty s6 SIO /Na,0 bang 1,2, 1,4 va 2,0. Nhiét do sdy bang
50°C. Thoi gian say la 3 ngay, 7 ngay va 28 ngay. Mau vat liéu co
ty 1€ xi/tro bay bang 80/20, ty 1¢ SiO,/Na,0 bang 1.4 va thoi gian
sdy 3 ngay c6 do bén nén cao nhat 156 MPa

Do bén nén cua vat liéu cao phan tr khodng trén co s¢ tro bay
va xi luyén kim dugc séy trong cac diéu kién khéc nhau & nhiét
d6 binh thuong da duge Giasuddin va cac cong sy nghién clru
[11]. Hai dung dich kiém duoc st dung 1a NaZSiO3 v6i thanh phan
14,7% Na 0, 29,4 SiO,, con lai 1a nuée, va NaOH. Céc tac gia da
sy cac mau theo 3 cach sy boc kin, say ngdm trong nuéc va sy
ngam trong nugc man chura 15% muoi. Thoi glan say la 28 ngay.
Mau vét liéu duoc sdy boc kin dat duoc do bén nén cao nhét 90
MPa.

Anh huong cua hai loai xi luyén kim Ién do bén nén cua vat
liéu cao phan tr khoang trén co sé tro bay va xi da dugce Nath va
Kumar nghién ctu [12]. Hai loai xi 12 xi dang hat tir [0 cao va xi
dang hat tir 16 luyén thep. Ca hai loai xi ¢ thanh phén héa hoc va
cdu truc tinh thé tuong tw nhau. Ca tro bay va xi déu do céc nha
may ciia An D¢ cung cip. Céc mau duoc ché tao tir cac hon hop
khéc nhau ctia hai loai xi va dugc sdy ¢ nhiét do binh thuong trong
7 ngay va 28 ngay. Do bén nén cta cac mau vét lidu sir dung céc
loai xi khac nhau déu gin bing nhau va phu thudc ty 18 giita tro
bay va xi. Mau dat do bén nén cao nhat 80 MPa 1a mau duoc séy
28 ngay.

Do bén nén cua vat liéu cao phan tir khoang trén co s¢ tro bay
va xi da dugc Deb va cac cong su nghién ctru [13]. Dung dich
kich hoat kiém 1a mot t0 hop cla Na SiO, va NaOH. Cot ligu tinh
a cat song, con ¢t lidu tho 1a d4 granlt da duoc nghién vun. Cac
mau dugc sdy ¢ nhiét 9 phong sau 7 ngay, 28 ngay, 56 ngay va 90
ngay. Mau duoc siy 90 ngay dat do bén nén cao nhét 54,3 MPa.

Trong bai [14] Deb va céac cong sy da trinh bay céc két qua
nghién ctru méi vé tac dong cua vice gan két tro bay véi xi 10 cao
va cua ham lugng chét kich hoat kiém dén d6 bén nén cua vt liéu
cao phan tir khoang duoc sdy ¢ nhiét do phong trong 7 ngay, 28
ngay, 56 ngay, 90 ngay va 180 ngdy. Mau c6 d6 bén nén cao nhit
70 MPa 14 mAu c6 ty s6 trong luong Na,Si0,/NaOH bing 1,5 stt
dung 20% xi luyén kim va 80% tro bay, duac sdy trong 180 ngay.

D6 bén nén cua vat liéu cao phan tr khoang trén co s¢ tro bay
va xi luyén kim duogc séy ¢ nhiét d§ binh thuong da duge Gao
va céc cong sy nghién ctru [15]. Ca tro bay 1dn xi déu do cac nha
may & Ha Lan cung cap. Chat kich hoat kiém 1a mot hdn hop cua
Na,SiO, voi ham lugng 27,69% Si0,, 89% Na,0, con lai la nudc,
va NaOH Trong tt ca cac mau, ty 56 khoi hr(mg gitta Na,O va
khdi luong tong cong cta xi va tro bay 1a 5.6%. Ty s6 Si0 /Na 0]
6 5 gia tri khac nhau 1,8, 1,6, 1,4, 1,2 va 1,0 . Méu chira 10% tro
bay va 10% xi luyén kim, co ty s6 SiO,/Na,0 bang 1,8, dugc say Iy
nhiét do phong dat dugc d6 ben nén cao nhat 82 MPa sau khi say
7 ngay va 109 MPa sau khi siy 28 ngay.

Trong bai [16], Liu va céc cong su di trinh bay cac két qua
nghién ctru vé vat liéu cao phan to khoang trén co sd tro cua 10
dot rac thai sinh hoat (IFA) va xi 16 cao da duoc nghién thanh hat
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(GGBS). IFA dugc thu gom tir nha may dt rac phat dién ¢ Keppel
Seghers Tuas, nha may dbt rac phat dién thir 5 cua Singapore ¢0
nang luc xu ly 800 tAn rac/ngay va phat dién voi cong sudt 22 MW.
Két qua ‘nghién ctru ching to rang, vat li¢u cao phan to khoang
duoc ché tao tir [FA c¢6 d6 bén nén rat thap, vao khoang 5 MPa, cho
nén can bo sung thém GGBS. Vit liéu cao phan tir khoang dugc
ché tao tir GGBS ¢6 do bén nén kha cao 1a 39 MPa. Dé danh gia
su giai thoat cac kim loai nang tr IFA, céc tac gia da khao sat su
ngam chiét cac kim loai nang tir [FA va nhan théy rﬁng, néng do
céac kim loai nang tiét ra tir IFA cao hon nhiéu so vé6i gi61 han dugc
quy dinh trong tiéu chuan cua Lién minh chau Au vé céc chat thai
duoc phép chon lap. Do d6 khong duoc phép chon ldp IFA ma bét
bugc phai ché tao vt liéu cao phan tr khodng trén co s¢ ca [FA
va GGBS.

Sau d6 cac tac gia da khao sat sy ngam chiét tich tu cac kim
loai nang trong 64 ngay cua vat li¢u cao phan tir khoang trén co s¢
ca IFA lan GGBS va dbi chiéu véi gioi han dugc quy dinh trong
Quyét dinh vé chét luvong dat (Decree on Soil Quality - DSQ) cua
Ha Lan. Céc s6 liéu thu dugc khi khao sat su ngam chiét tich tu
cac kim loai ning trong 64 ngay cho thdy, nong do cac kim loai
ning ngam chiét tir vat liéu cao phan tir khodng trén co s¢ ca IFA
lan GGBS ting 1én khi thinh phé"m cua IFA tang 1€n, song ngay ca
khi thanh phan IFA gép d6i thanh phan GGBS thi nong do cac kim
loai nang dugc ngam chiét ra vin nho hon néng d6 dugc quy dinh
trong DSQ.

No6i tom lai, sau khi dot réc phat dién phai tién hanh san xuét
vét lidu cao phan tir khoang trén co s& ca IFA 1in GGBS véi thanh
phan IFA khong cao hon thanh phin GGBS nhiéu lan. Vat liéu cao
phan tr khoang d6 hoan toan co thé duoc st dung lam vat liéu xay
dyng v6i do bén nén thich hop.

£ a S 2 a
Ket ludn va thao luan

Nhiing thanh tyu nghién ctru vat liéu cao phan tir khoang trén
thé gioi rat can duogc gidi khoa hoc va cong nghé vat li¢u nudc ta
tham khao, tmg dung va phét trién dé giai quyét hién trang 6 nhiém
moi trudng gay ra boi tro bay cuia cdc nha méay nhiét dién dot than
va rac thai d6 thi trong céc thanh phd 16n.

Xét dé nghi cua B truong Bo Xay dung, ngay 12/4/2017, Pho
Thu tuéng Trinh Dinh Diing da ky Quyét dinh s6 452/QD-TTg phé
duyét bé an déy manh xu 1y, stt dung tro, xi, thach cao ctia cac nha
méy nhiét dién, nha may hoa chat, phan bon lam nguyén liéu san
xuat vét liéu xay dung va trong céc cong trinh xdy dung.

Khéi dau viée t6 chire thyc hién Quyét dinh 452/QD-TTg néu
trén, ngay 3/10/2017 Bo Xay dung va By Cong thuong di o chirc
tai thanh phé Can Tho mot cudc hoi thao khoa hoc. Tai cude hoi
thdo nay, ong Pham Van Bic, Vu truong Vu Vat li¢u xay dung (B
Xay dung) cho biét: néu cac nha may nhiét dién duoc dau tu theo
quy hoach va luong tro, xi thai ra khong duoc xir 1y thi dén nim
2020 s& 6 109 tri¢u tan.

Vi lugng tro, xi do cac nha may nhiét dién d6t than thai ra moi
truong, viéc phat trién cong nghé vat lidu cao phan tr khoang dé
tai ché lugng tro, xi do thanh vat liéu cao phan t khoang 13 mot
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nhiém vu cap bach cua nganh khoa hoc va vt liéu nudc ta.

Trong khoang thoi gian tir nay téi 2021, nhiéu nha may d6t rac
phat dién ciing s& bat ddu dugc van hanh tai Ha Noi, thanh phé
Ho Chi Minh, Pa Ning va mot s thanh phé 16n & nude ta. Viéc
t6 chir tai ché tro ddt réc cua cac nha may dét rac phat dién do
thanh vat lidu cao phan tir khoang ciing rit can thiét dugc chuan
bi ngay tur bay gio.
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