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1. T2nh cblp thilIJt

Hi " n nay, qu8 tr3nh tang dghn pahmént
hanh th"nh, phg8t triWn c,a c8c ng”"nh ngl
h-a, nguy®°n vdt |i u, ntntg 1 Wugs Eh hii  d
Lblt n€© c¢c. Tuy nhi°n, & nkyg,mUlvbci bli: tl "v bn,
nh€ chsitnht hfodt, c*ng nghi p, ntng nghi’

Trong ng " nh c!ng M ghbauxie)bkvhna ik °tnhl §gc h bltc . a
thli t. qgusg8 tr3nh hoim nh€cbandeh&HFHYyg c$ hiy a
Bayer[82].Vi = ¢ x | T b¥%n L, vXXn Lang |7 m i q
ctng cu,c blfo v mti tr€ ng. Ch™ ri-°ng c
TOy Nguy°n, phfn Luli guHkhg in€ € npli. iv

m¥ ntm, trong khi dung t2ch h” tA[IiT@hng

t. , d. &n T©n Rai c¢c- 1€ ng b¥%n L, thli r
hoUt L ng 13 &hé&EN ttringl dmhgatzch d, aghn
tri3utmblp hhn rblt nhi Qu so vVjil € nghB*¥al

x©y d. ng v°™ vdn h”"nh ¢c8c nh”™ m8y nkh¥%m
L., rHthilJl)/m,m t di n nt 2terh Lvblt Ir°bltg 8 n hn nlHM o
I noglL&Wsli/mimh thg§i v x« h i

nHc bong th  nh gqhfa, btk@mngblm xu ng L bl

ao

ngu n n€ ¢, tho8i h-a LBblt tr ng hoHc tr

rblt whgil© bllobYnulln. IXitn | " vbin LQ ph[i
nh.ng qu ¢ gia s[n xublt nhtm. C¥%ng Tv, i I
b%nx®t theo g-c L, mti tr€ ng,l/jnhdm th?

hi nd c8cn s[n xubWi nchitmihWwn nk hnaaiy .c §c d,k &
V. ¢ caomnmuuyTrnrNam &€ EtEHt ra m t | o4t nh,
an ninh, kinh tJ], x« h, i, khoa h ¢ k: th
t©m | ° phli c¢c- nh_ng gil[i ph8p kihaoNbu h' ¢
cfu th ¢ ti, mhhaahmgtL ci Lh, inglhXy n c¢c_ u nh_r
gi [i quy/Jt vbin LQ b%¥%n L,



V.vi ¢ ntgdnt hd_nh ph#fn dxHsidic, oxit €n o ! h€t k b Qr
L., K&KJp v.,i vi oxbt suhgcth°mc8c ngu ' n pl
ph€hngd@hngghkb h> p LW chJ tYo s[n phXm gy
L&§p L@mhu cfu vQ glch x©y khtng nung t Ui
I = Li Qun chomp pt mihjtn.g t hli ng tin h_u 2ch vQ

bwh, v° c¢8c ngu n phJ thl[i c¢ctng nghi p Kk

2 n'i t€ ng v° phUm vi nghi®°n c_u
n" i th®€hngn ¢ u geampdluydmer§ns | "d, ng b %
n“ng L&8p . ng c8c y°u cfu LW chJ] t9o gdUct
Phdm vi nghi°n ¢_u bao g m:

-C8c t2nh chblt c_,a b%¥%n L, .v° c8c | oYi

-inh h& agn " ng L, kiQm, nhi t Lh, ali@
c.a oxit silic v"™ oxit nhm trong nguy°®°r

-inh he& agvdt | deundglnQe<€kingnl, , h’ s
pH v™ kiQm d€ c¢c, a geopol ymer.

-C8c t2nh <chblt ¢, a geopolymer nh<e€e: pt
| € ng thwWw t2ch, L, h¥%t n<€ ¢, L. L thbm n<¥€
X Oy .

-Hi "' u qupB dkimgghch Jlgeopol ymer t_. b¥%n L,
3h nghoa khoa h ¢

n« |l udn c, v c¢ch_ng minh bB=ng th, ¢ ng

-Khl[ ntng chJ] tYo geopol ymer t_ b¥%n L
trong dung d ch ki Qm diee ncg @min h§ pvhs niih i nché
I kakkc L€ ¢ b sung t. dube vdt | i u nht

-n« | "m ryg EBB h¥*ng s vdt i u v’ ¢

khtng nung geopol:ymehi Jt Ibdm d§c thlng s
4.h ngthhpac ti,  n

-Tr°n c¢ch s° k/Jt qul nghi°n ¢c_u L« L-n
| © Wémg nung h' geopol ymer t_ b¥n L, T ¢
s gl.tnrong c8c c¢clng tr3nh x©y d ng



-Ph€hng ph8p chJ] t4Yo gUch kh'ng nung
ch€eng 8p cho ph®p x | T m thfm§dhohiv. umgu
55Nh, ng L-ng g-p m, I

C§c L-ng g-p m i:c.,a ludn &n bao g m

-Lfn LFfu ti°n dnhgibg Clna cnhAl sm8yw TONn Rai
bay nh” m8y nhi t©hii t#ongilich, kFi®@mgRaiung
clng nghv, dhe&gg & nggpl, ng®ny °Mi1 0c Fu .s’ d.

-X8c I dp L€ ¢ quwn hgdt [dhnlge€dhghckaQ
v’ th™ i gilflam &€ mlg ht hudm K wa, it ajpllexil, sv’
trobayk hi chermgo®m Li Qu ki n ch€eng 8§p, oxi
r€e ¢ trong dung d ch kiQm v" ¢- thW thar

-n« L-ng g-p c8c sgeolpiolu meQ tt2 nho Yenh Hit,
I -tro bay d€© . ng h, trong LiQu ki n cheng
t° |7 oxit silic ho"n tan trong LiQu ki
nng cao h’ s’ h-a mQmH gi @mgle®prod ykne®m
6.C8c t i |i u L« c'ng b’

1. Van Quang Le, Quoc Huy Tran, Minh Duc Hoang, Quang Minh Do, Hoc Thang
N g uy &nbakdéd materials from red mud by geopolymerization” $olith East Asean
Technical University Consortium SymposiurflCMC Uniwersity of Technology, 134
March, 2017 ppl58.

2.Van Quang Le, Quang Minh Do, MTha tole Du ¢
of active silica and alumina in geopolymerizatton Vi et nam Jour nal of
and Engineering. June 2018, Vol.60 Numbgrp 1623.

3. LE Van Quang, DO Quang Minh, HOANG Minh Duc, PHAM Vo Thi Ha Quyen,

BUI Thu Ha and NGUYEN Hoc Than@2018),iEffect of Alkaline Activators to Engineering
Properties of GeopolymerBased Materials Synthesized from Red Mud Key Engi ne
Materials. ISSN: 1663795, Vol. 777, pp 50812.

4. LE Van Quang, DO Quang Minh, HOANG Minh Duc, DANG Thanh Phong, BUI
Thu Ha and NGUYEN Hoc Thand2018) Ewvaluation on Roles of Activated Silicon and
Aluminum Oxides for Formation of Geopolymer from Rédd and Silica Fume . Key
Engineering Materials. ISSN: 168795, Vol. 777, pp 51317.



5. Hoang Minh Du¢Do Quang MinhLe Van Quang, (2018jiEffect of curing regime
on synthesis ability and properties of red mud based geopdlynReoceeding of the
international coference oriThe 5%" Anniversary ofEstablishment of Viet Nam Institute for

Building Science and Technology, pp-16.

7.KJt c¢cblu c¢c_,a |l udn §8n

Ludn &§n g m c- c¢c8c: n,i dung ch2nh nh¢t€
Ch. _ng 1. tTYhghBoamno coung rbotang IlcYh A tUu o g«
Ch_ _nNgjguwystin Ivi Mu v ph_. _ng ph8p nghi°n c¢
Ch_ _ng 3. Nghi °n cou chA tuo gvch x0©Oy kt
Ch. _nGcd4t2nh chmt cva guch x©y kh!'ng nul
Ch. n@uymnthrélng nghM, ong dAng tho nghi M
KAt luoan v™ ki An nghTl
T"i | i Mu tham khdo
PhA | Ac

Trong 2¢b-TnB§gh3 nh v & v86t T t h™ ulvg hcam rk3hn
by 28&trrmanlg gibly kh" A4

LudnNghi °n cou chA nwnog ghttM hg exoyo | kyhmenrg
Rai Loal@Qngth, ¢ hi n t4i VVi nn Ghhuoya® nh’ ncg
ngh  X©y d. ng



CHhuNGTINGQUAN TCNH HNGIHI gdN US. D, NG BEN n
TRONG CHeGEDP@YMER

1.1.Ph8t th[i b¥»n L, v~ h+€e ng x |1
1.1.1Qus8 tr3nh ph§gt t hd | b¥n LY
B¥%n L, 1 "cphl/jgquB[[tr 3tnbhuxi®t[me ox udbttn g | rugrhi’
Hi " nkmhalng 90 % al umi rs [tnr °xru bkt h Jp ig.§ic ¢ @’
chJ/] c¢c. a Bay@iL@ayrm 1887hgyQw®d tithnly sn x
th ¢ chblt |~ 0& tnh3Jumht &Osrondp@iximrgaAAR h, i ¢
h®  p chblt kh&c. B%n L, bao g m c8c th"nh
trong Li Qu Ki n p hong AluminatenCar@titarda, Manei t |,

hydrate BDHéméi vt |~ ¢ ah ta lmUti Ik€Qmy crak
t. qus8 tr3nh s[n xublt. Trong qu8§ trs3nh
LW thu h”i 1€ ng x%t2d®€ thch2tihW gi [In[o6hi
nhi°n, 1€ ng x%t d€ th.a vXn c- thWwW goOy

c©y tr°ng nJju b° ph8t t8&n ra ngo"i. Cho
nghi°n ¢ u s d,ng bh%¥é Bh€hgmv¥dt chi€auc
h.u hi u LW gili quy/Jt vbin LQ n"y. C8ch

Q

ch a holHdp2ahtn ° nhi hoang vdng, gfn b
sl'ng su' i v’ c¢c8c mUch n€hcangfmngTULy mnbi
ch nh€e v_ Ldph” hohdoa s€ t° mrinngd7y t h€ o

SIn xublt nhtm t. c¢c*ng ngh" Bayer | ut

_KhT ntng g©y * nhi_m ngu n¥mevecindkhmil

| . n trong th™ i gian d"i, kh'ng L[m bl[o
ng€ i ta th€ ng bhm b¥%n xu ng L8y stng,
ch a b¥%n thli. Tuy nhi®°n, hi nvs3nany- cp8hcg§
ho"n to"n mti tr<€ ng s  nbDgo cnhau cc8cu ssifnnh x\

vi ¢ L€a ra mti tr€ ng nh_ng chbhta tlhTit &

s d.ng c8c chblt thli v~ »@omd&ingdg.re tmgh
Bauxite | 7 t 7 nguy°’°n kho8ng slne khsg
c- thwW thu®,i va'l ulmi' nn (pAHOn .ME&Lc L €%c nih m

r



thw L€ ¢ s[n xublt t. bauxite b33ng nkiQu
(Lime Sinter process)3p], natri cacbonat (Deville Pechiney process)|[ , Li Qu Kk

nhi t L, cao v~ c¢- s, hi n di 58 ,c.sa tdha
ki Qm s odbxide® hyg Bayerhp2.Trong qug§ tr3bhk th[i
rblt |I.n |I'" b¥%n L,, nfju x | T khtng t t,

Hi " n nay khol[ng 50 qu ' c gia c¢c- t i ng
nghi p khai th8c, trong L- &@OZunel[m Khain
thJ Tindgi nguy°n kator8nrg tsH M2 dia uik 7Y atg 5

tbln, ph©n b" c¢ch, yJu tYi c8bOqupbhigiad2m
ndi D€ehng (23%), Nam M: v~ Cari be trgn@ 1 %) ,

L - Ghi ng ,vAuditrtal Nam |~ c8c equncThymblia. c
h3nh s[netxmubh tmAxgit, i BLEgLEEELt hW hi n tro
Trong c*ng nghi p, C - m t s’ ctng ngl

i u v~™ chblt | € mwg nguwyn’gn €l huy mikHaii tnr 8t&Y
L€ ¢ s[n xublte1@% tq u Hynugtunbga unxei pth etl_i nc 8vc” nagl

l i" u kh8c. ni Qav Xn- Ic h on gtulf By nbgauuyx®int | i = u
xublt alumin n-i mnifnghungs[ Al xmbln hhlymn

blma§& tr3nh Li n phon tr onmdlFedb W Wiut h * rchr y
kim | o4i .

Trong bauxiec - L @pM %8 O ~ (AOsyy mphfn c, n | Yi |7
dng tx2t sditl,umi'n Lph[xi2tL@ic atnibnh chJ tr
ph©n s[n xublt ra nh?! m rkbauxied o UYd h u yTwWmmahy- ay u
d ch natri hydroxit (NaOH) n-ng | °n t i
tan trong dutnlped pghlmydrepxsau:

Al,Os+20H +3H0 Y 2 A1 ( OH)
C8&c th”"nh phfn h-akh®ocgkh8a taongheéa

L€ ¢ | ¢ %h, iodiunkh, di @ hCh2dmh tthh nrhh bpAnf
gOy n°n vbin LQ mtithFfi ngi Tngnnig@ansgd Jho
kho&8ng s[n kim | o4i m*>u n-i chung. Ti J]p
hydroxit nhtm ° ddng h,a tan phon | dng
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trdng. Khi L€ ¢ nung3nhngahxntthi al058ph
h.w?® nhi t tr° th” nh alumin v”™ gil[i ph-n
2AI(OH)s Y AQz+ 3H0
Bfng 1.1. Khear°nhgdbo/Jbguxit ([B3Hn v  t
T oouie ¢ S 09 ] T|<rr{'aiI an '
2013 2014
1 Hoa K - - 20.000 40.000
2 Australia 81.100 81.000 6.500.000 7.900.000
3 Braxin 32.500 32.500 1.900.000 2.500.000
4 Trung 46.000 47.000 830.000 2.300.000
5 Hy L Ui 2.100 2.100 600.000 650.000
6 Guinea 18.800 19.300 7.400.000 8.600.000
7 Guyana 1.710 1.800 850.000 900.000
8 frn n, 15.400 19.000 770.000 1.400.000
9 Indonesia 55.700 500 1.000.000 -
10 Jamaica 9.440 9.800 2.000.000 2.500.000
11 Kazakhstan 5.400 5.500 160.000 450.000
12 Nga 5.320 5.300 200.000 250.000
13 Suriname 2.700 2.700 580.000 600.000
14 Venezuela 2.160 2.200 320.000 350.000
15 Vi ot N 250 1.000 2.100.000 5.400.000
16| C8c n 4.570 4.760 2.400.000 3.800.000
17 gTi ”i g (CI 283.000 234.000 28.000.000  38.000.000
Cing ngh’ Bayer c¢c- thwWw khg8i qugt g~
-BauxitL € ¢ ho” t8§ch v,i dungl:l€ch «k§ Qm
trong dbhgo NaAhOv~™ L€ ¢ t&§ch ra kh,i cH
ch, yJu I " c¢8c 'x2t sdt, tx2t titan, 1 x?
-Dung d  ch alaAn® rcathdl, nMaAltOLJ/Jn nhi’

AOH)sL W k Jt t. a.
-STn phXmlL &l ¢ OH) ¢c,g

M nguy°n | T doO©y chuyQn
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Bauxit Ahw

Nwéc rira

D.dich cai

Al(OH)3-sdn phdm

I

I

I H,0

I
s L TH B Y

I

I

D.dich tuan hoan

Bun Na;CO; — Nwécrira AI{OH);

CaCo, 20
|
D e ]

CaCO; Al03

ao

H3®nh 1.1. Sh L cing ngh’' s[n xublt al
112nlc t2nh cva b¥bn LY

Bauxiel € ¢ ho” t8ch v, i,MumgOshb cht &n Qtnr
kiQm v L€ ¢ t&ch ra kh,i cHn khiTmgg ho"
qug tr3nhebx¥ngl Tk ibQmdR 8kth%e [hn'gm 716€° ng al umi r
trong dungcdnch v~ | phfchdrongbauxe@h [ hcanhg ¢
sodium aluminium silicates c¢c_,a c8c h' p 1
C8&c th”"nh phfn chre bRk E8ctitamgabawx imt |
nh€eng vXnrtdvint t 85T t Up hovh BIt nnhh€ 1t'r ognag | bi auur

ph t pho, nickel, chromium, ma§7hBsiwdy cl
th ¢ chblt b¥%n L, vQ ch bln vXnekhl!egchaoad
tan tromnug °ki @m, cngth°m I~ th"nh phfn Na
Ca (n/Jju c*ng ngh’ c- s d. ng CaO | " m chtl

Kh” i 1€ ng v° chblt € ng b%n L,, h’™m
b8m d2nh Li t heo b¥nh 'L, m§yr Hituyk hn§ ca | nuhnai un
| € ng b%n L, dao L, ng t. 0,4 tbn L/Jn 2

tre ¢ ti°n ph, thu,c v o chblt |1 € ng bau>

-12-



Th"nhhpht hXc v°™ kho8ng hXc cva b¥hn LY:
Th " nhkpbgfng h ¢ v° ho&8 h ¢ clng nhe |

nh m8&y luy n alumi B[nRy B[ ndBPLgi . i L€ c
nNW hi Wu r» hhn vQ bl[n chblt ¢, a b¥%n L,
Il pha rdn v® pha |, ng LW ph®©n t2ch

-Pha rdn c¢c_, a b¥%n L,

Pha rdn c¢c_,a b¥%n L, L€ c LHc tr€eng b i
kho&8ng vdt, c¢. hOt. . .;

+ Th" nh phtieohb8ohcgo t ng h  p c.,a U
gi ao cho Vi t Nam tron@6tkhunam hfndh- - &nr

c.a b¥mhL m&W8cal umin tr°n tByflgdd., i dao L
+Th” " nh phfmdW@hbs8nlg t2nh th3 t€hng t.
nh€ng thay L i vQ L nh | QDAM:28QnHO vt'h° m

h p chblt ¢+ th” nh ph¥fn da0sN&O nvg 2.cSiaD CaO
+Th" " nh phfn atidt€e ook hiaulx€a v o h,a t §c

nh, v do qu8§ tr3nh t, vV v, n n°n b%¥wn L,
bwh, c¢- c Bp dhedtiloadsim gb ¥%n k) ambiacvax) tde, i s
t., 1%.90
Blfng Th. 2a.h hpohaf nh ¢ c¢c_, a ,d%)¢] | oUi b ¥%n

L!\I hi t B ok ( Weipa [Trombeta MS;)#::E %"g::gg Iska | Parnasse

¢ § ¢ (Guineq |(Australia)| (Brasil) (Jamaical (Australig (Hungary|( Hy

(°C) 240 240 143 245 143 240 260

Al203 14,0 17,2 13,0 10,7 14,9 14,4 13,0

SIO, 7,0 15,0 12,9 3,0 42,6 12,5 12,0

FeOs 32,1 36,0 52,1 61,9 28,0 38,0 41,0

TIiO2 27,4 12,0 4,2 8,1 2,0 5,5 6,2

NaO 4,0 9,0 9,0 2,3 1,2 7,5 7,5

CaO 3,2 - 1,4 2,8 2,4 7,6 10,9

Kh§ 2,3 3,5 1,0 2,8 2,4 4,9 2,3

MKN 10,0 7,3 6,4 8,4 6,5 9,6 7,1
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Bl ng Th.”:.h kphhof8nng h-a c_, a[8lc8&c | oUi
H> p ¢/ Bok| Weipa |Trombetas MS;)#;E [;gggg Iska |Parnass

9 i i | (Brasil - ;

(%) (Guineg|(Australig | (Brasil) (Jamaical (Australig (Hungary |((Hy )
Gibbsite 33,0 - 33,0 5,6 - -
Hematite 20,0 3,5 38,0 3,5 14,5 33,0 38,0
Goethite 16,0 18,0 19,0 10,0 14,5 6,0 1,0
Cancrinite - 22, 16,0
SAHS 21,0 27,0 27,0 27,0 5,4 -
Sodalite - - - - - 10,0 10,0
lllite - 2,0 - 2,0 4,7 - -
Boehmite 5,0 2,0 0,6 2,0 3,5 0,8 0,6
Diaspoe 1,2 - 1,2 - 2,5 0,7 0,6
CaAl-Si - - - - 1,7 12,5 10,0
CaTik» 2,0 - 15 - - 7,0 10,0
Calcite 4,6 0,5 14 0,5 2,3 3,0 3,6
Quartz - 6,0 2,2 6,0 37,1 - -
Anatase 7,0 2,0 2,5 2,0 1,0 - -
Rutile 19,0 6,0 0,8 6,0 - - -

Na-
Titanates 2,0 ) i i 0.6 ) "
Magnetites - - - - 1,3 - -
Chamosite - - - - - - 0,6
liImenite - - - - 1,0 - -
Kh&§c 2,2 - 5,8 3,4 5,0 3,7
Bfng 1.4. Th" nh phfn hBa h ¢ pha
STT Th” nh phfn h (%)
1 Al203 5625
2 SiO 1620
3 FeOs 2506
4 TiO> 1610
5 CaO 208
6 NaO 1610
7 MKNH20O 1 i °n Kk 5615
-Pha |, ng c,a b¥%n L,
Pha |, ng c_,a b¥%n L, L€ ¢ LHc tr®ng
(NaOH + NaC0Os), N&#Oc ( Na OHQs. CV ngAlt heo t " i |i u
phfn h-a h ¢ c¢c_,a pha | (NaQ =0,6068,0 tylWaOcao

0,56 6,0 g/l Al,0s = 0,56 3,0 g/)

14
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Nh€© L« thbly trom@ 'b%¥%hUng plpia°an dk JpOy- ccNm@

nh€eng ° dlng tO0 ‘“doh(@Na@m) DtN& ooagh®dhac]|n
L. c h4i nhblt. Tuy vdy khi gili quy/Jt vbln
gi,i L« ¢+ nhiQu nghi°n c¢c. u kih&m shaa, mt
LQu ch€©a ¢ thW ng d_ng °~ quy m® L4Yi ¢t
113. H_ang xo | T Db¥%n LY

Vi ¢ x 1T b%n L, hi n nay vXn |~ vbl
c§8§c m* h3nh nghi°n c¢c_u x |I'T b%n L, tr°]
kinht] ¢, n thblp v° | € ng b%¥%n L, thl[i ra qu
chr€©, ¢ L©y bi ' n ph8p ch, yJu v,i b%n L,

b¥%n xu ng L8yhoskicngngtlngym bti Wnhfn v[53h bi
Araweal! ng" s, L« th  ng k° 84 nh” m8y alum
8§n thli ra biwWn v3 hiJm Lblt. Tuy nhi®°n
h.y ho"n to"n mti tr<€ ng s ng c_,a c8c sSi

Vo ntm 2010 m, th[ltrh[knh h ax [byYenr al  t Gti H
ndp chla b¥»a nh” m8yl “c hAJ kbaii /] nTti &nif vothirdigry a A
Hungar yp«bl "m_lph&B®FEnri u |12t b%n L, c-
Marcal v~ th' tr blnmgnfgn€ Li- ,v gil/tm cth /nt h&i
don v m!i tr<€ ng xung quanh. Th, t+€ ng
sinh th§gi | . n nhblt c¢c_,a n€ ¢ n"y v° tuy®°r
I nmitrong m t #784.i gian khg§ d"i |

Red mud

waste pond

- \"

H3nh 1.2. (a) Thlfm h a b%¥%n L, quan s§8t t
b ! nhi, m trong th[m h a b¥%n L, (°

V3 thJ] c¢cfn nghi°n c¢c.u v’™ s ,d_trhgonb %rh
v.,i mii tr«€ ng L- Ll2°c hm cth2tnrho rcgHan ho ! mg ym. i c



thj gi.i L« c- BN BLR04061g62tdr Mg tL - besp t r
| onhsaw £ c
-N*ng nghi p: | "m Lblt tr“ ng trong n'ng n
-STn xublt vdt 1i " u x©y d ng:
+ Xi mkng, gUY@n ,c -t btnic & ypc hc't8adgh d_ ng ¢ §
+ B, t mu v ch: tdn d, ng ;th"nh phfn

+ Vdt || U€sag pgblpo thitng: tdn d, ng d
+ Vdt |i u composite t_. b¥%n L,
-Thu K ikian8 l o4i qukimd¥ng trong |l uy n
+ Thu h¥ i sdt, nhtm
+ Natri aluminat
+ Canxi, magie, silic, titan, vandi é
-Tdn d_ng s[n xublt chblt keo t_, trong ctn

- ng d,ng tr @ nghp miriontgr € ! mg

+ D¥%ng | "m chbltl kea€tc trong

+ Hblp ph, v~ hblp .th, kh2 sunphua di ox

MHc Ld&k¥% c- rblt nhi Qu nghi°n c¢c_u s d_ ng
mang t2nhnWoginfidigquy/Jt Kkh" i | € ng b¥%n L,
s d,ng b%n L, IIl'®1 cwdathonig mgk®9yndcng qu
Do trong th"nh phfn b¥n L, cs- ditc 8vc, ih ykd?rcoh
hdt r,Blta-nWt d%»ng s[n xublt glch khlng nun
Vi ¢ bx3pdi €hn gg epohpSopl y me v’ mga si€ gi [ quyl/Jjt
b%n thEi V' ngblpa quan tr ng L i v, i vi ¢
122 T3nh h3nk ndh¥Mnl, c tr geogplyneeh /] t Yo
1.2.1. KHh8&8ngoi Mm geopolyméfng hi1 p

AGeopolymedl = t hmdt nhg. khoa h' ¢ nlgHd it °pnh 8y
ntm 1d%Zmg LW ch’™ | o%igquvddtt rl%inhu tthoy tthi "nnh
nguy°n |ithinbbltph¥ni chxznhilates§khdad cp imismo
nhon ki @Qm, t thd&Hcctmh alumines itlhi, cyat e t°  ng h' p
Geopolymerl m, t | o4i polymer v! c¢ch [SiQffvTLhn
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[AIO4%[29.Bn chblt c¢c,a qus§ tr3nh I " s tYo p
( NaOH, KOH hloiHe a s Yhd vpu im heb$siticatel t mi c § ¢ k h o §
met akaolinite, x|, cao, tro bafs738b¥n L
Geopolymer |7 loUYhomhetbgm wilvh nl2KWh i ki @
c§c t2nh cchbit gletbep-otey@mgg L ,scaonslnhhl ki
bich ng | hi-mbtwe'nthnnch¥%ng L€ ¢ . ng d,ng t
nh€e ttctomgg mahic' phs @@3,50,83y, [chJmt 8o clng ncg
[41],x " p ¢ § §18, chblh i 'k UFth " due Wl h vadtth " 1Uj16)ed a vdbnl i

ph, DbM3dvv vdt | i u compd®it.Esowdg lchnh v,
d n@y Ll "Yim vdt ol ilLand hd]- hxu mi€, ng s d_n
d2nh v c¢ch thay thJ]] m t phfn xi mLng po
tr€ ng, khtlavg ot tklhiz K§huyWa@ w3 Lgu hkhingng

H

phlfi nung ° nhi t ®©hngab,i vehahh. u t Yo t
Th nh ph¥fn c¢h?2nhw ct. aggnogpioyp°ynmelirit’ Ui h ¢ @ ,c
oxit silixc tv'khngct, snh_ong oxit ° dUng v?

gia v o qu8 tr3nh geopolymam i a; tcdc qp
cblu trY¥c 2BESHp SIFTynmerh Xm thu L€ ¢ |~ c8§c d:
-Si-O-Al-O-[27.C&8 ¢ LHc t2nh ¢ch h ¢ c¢ch  u [nh he€
tr¥%c c, a dJleeopavidovyits]egeopolymerss ¢ blu t r Y%ac khtlng
chitQw n ch s[SIO4*¥¢ tJAd¥n g nc hughwgy °cn8ct™  oxy
t” n t Ypoly-sialate @irQ@Al-) (Si:Al = 1), polysialatesiloxo (-Si-O-Al-O-Si-

O) (Si:Al = 2), polysialatedisiloxo (-Si- O-Al-O-Si-O-Si-O) (SiA | = 3),huvyi c
l'i °n kKb §sA>a8),@tce si al at e | "-oxosaludjimae.t bt c ho
Geopolymeg™ m c8&c Lhn v phon t saipBB8Fc ¢ §
-Si-O-Si-O- siloxo, poly (siloxo)
-Si-O-Al-O- sialate poly (sialate)
-Si-O-Al-O-Si-O- sialatesiloxo, poly (sialatesiloxo)
-Si-O-Al-O-Si-O-Si-O-  sialatedisiloxo, poly (sialatedisiloxo)
-P-O-P-O- phosphatepoly (phosphate)
-P-O-Si-O-P-0O- phosphesiloxo, poly (phosphesiloxo)

-P-O-Si-O-Al-O-P-O-  phosphesialate poly (phosphesialate)

-17-



-(R)-Si-O-Si-O-(R) organasiloxo, poly-silicone

-Al-O-P-O- aluminophosphopoly (aluminephospho)

-Fe-O-Si-O-Al-O-Si-O- ferro-sialate, poly(ferro-sialate)

KT hi u h-a h ¢ c,a geopdtymeppod ymeéenr
aluminatel € ¢ h3nh th" nh d a tr°n s -gx®h©n b
aluminate hay g i tdat | ¢c8c chu, i sial
di  n4g4vSi QAN n k/Jt ¢, ng h-a tr’ l u©n phi
c8c nguy°oxy's@ blomde€eAlli n t2ch ©m khi t|
n°n c¢cfn phli c¢- ¢t B'cCal Baf, NH*€H:0'§ ) n h ®m( Nan
trong cblu tr¥%c sialate LW c¢c©n b=3ung Li n
(sialate)e c*ng th ¢ 2283:c nghi m | " [

Mn[(SiO2)x-(AlO2)]n. YH20

Trong L - :
M: | catiookgicm | o Ui k(N&/K', CaK,iB®é). t h'
nnl = bdc trhng ng€ng.
X: C - thw |~ 1,,2¥yhthodbcvi1onl cdvthin ch
sialatesilixo, sialatedisilixo.

Sialate |~ c8c polymer “WnYAlsomg hloiHitn
ph” i tr2 bdc |V v.,i nguy®°n t O, t“n ty
dng cblu t r@idchcy a@tsrikanm#ini2q.. B

() (b)
PS: poly(sialate) PSS: poly(sialate-silaxa)
| . -3 |
Si/Al=1 Cﬁizosjﬂ (-51-0-A1-0-) Si/Al=2 D‘_r]‘iﬁ\?"o_ﬁ_’n [-L‘.i-rl-.!lﬂ-i.i-.’i-j
Si0, 0 '
DA LN Vi 0 99
() (d)
PSDS: paly(sialate-disoloxa) - 3 S 4
i i ‘i . -2 ..I . —;A—O—ia—O—m—O_
Si/A1=3 mj..-ﬂ-.. .-n..i.-r:». g0 (5}-0-1-51-0-51-09) siaba © | % o
Sialate link Al
VT o009 -t i P
_}—0—5:4—0—50,—0—
() (&)

H3nh 1.3. C8chdbiag cbla tgreldpol y mer

C8c dUng poly sialatetmphngtmdchr mo6loy mer |
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Khi Si/ Al =1 |~ -8HOWI-G) Pdolnyg( scihad ait el)™: K
tr3nh pol y meonombar{CGsSt-O-Al-(OHE (ortho sialate), H3 n I8a).1

Khi Si/ Al =2 | “-silaxd):U-Si-O-Al0eSk-ar)( sli @1 atxem |
phXm gi_. a qus§ trginal &ktJeg h° pGif@Hy et nadbltlihoi ¢

Khi Si/ Al =3 alatedistoko) (Si-O-R-01SKO(SEA-) L€ ¢ xe
| © s[n phXm gi_,a qu§ tr3nh kJt h p gi_ a
(H n I8c).1

Khi Si/ Al >3 | @il m72yn gimamhtai Sichu, i
h o Hic hai |)pholHy( spdlaynh (nshBdaldTa o)y, L pol y(
poly(sialates i | ox o) vidimollyxoi)alcatea hW bpn hhbIS
c. a geo[pepv 'y nmterroncg§ct hd &ng /t r °n c. thW t~ n

Qusg tr3nh geogwdn mefn hh'and il°andt ph[n
SFAl trong dmtnig tdr€ hngki @Mt hgdf hYa th nh
tr¥%c dldng chu, i hay d4n@Alv tnyo pw | ykneung
v.ng chdc b°n trongrs3mhu hoaWic.h -Da akivim c
(SiO05,AI02) N, Davidovits L« LQ xublt to"n b,
phln . ng ®R1ZA]: h ¢ sau |

(-}

(1,05, AlL,Oo)n + nSi0; + nH,0 MK 1 (OH); -Si-0O-Al-O-Si-(OH);

(Si-Al materials) | Geopolymer recursor

(OH),

© . _ | o |
n(OH); -Si-O-A1-O-Si-(OH); -\”‘-’“-KO“. (Na,K)™ —(-Si-0-Al-0-Si-O-) + nH,0O
|
9

‘ | Geopolymer backbone
(OH), (‘) O

Theo hai phln _ nAl thdwt twBreh vpdh il it
l i " u ch2nh cho qu§ tr3nh geopol ymer h- a.
h,a tan, bi/Jn L i v° L nh h€ ng. Mu i Ki
quB3nhh h,a tan oxit stiglci cchw’ prhhnmQekn gt r
tr3nh geopol ymer h- achbaeahit sillFiuc vwdt rsH % mht
aluminosilicatet r ong dung d ch ki Qm tYo ra c8c s

Q

v’ KOH t UM(AlD),(SI0,),.gMOH.mMHO] . Sau m t t h i
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s€ h-a c¢c.ng th”"nh geopol ymer. VAl vidy, c fm
thiJt L i v,i vi ¢ t3m hiWu phln _ng gec
Ch chJ] c¢c,a qu$§ tr3nh geopol ymer L€ ¢
c8§c qusg§ tr3nh n"y c¢c- thwW di pm©mabsongrs
r» rl7,4865,6673] , C. thW nh€ sau:
-(1)H, an duminailicattr dbn t r ool Ku®m ohlnh
-2)TY4o th”"nh chu, i-Sic hh eHic t8iloingo mérra) | Sir
-3)Qus8 tr3nh La tr %na tnhg@nhg kchSucn go | mWbnogn
silicat ba chi Qu.
-4)TUYo |i°n k/Jt gi_._a c8c phoOn tdnrnohn
to"n h th ng h3nh th”"nh c¢cblu tr %¥%c ge
Ne ¢ L€ ¢ sinh ra trong su' 't qus§ tr?3n
v' o khi nh” o tr_._ n trong h, n h>p geopol yn

nh€ng n- | nh onhWphfmh<®hkt'r omgi ct8rc€ pnhgl
geopolymeh -va~ n€, ¢ ct Bho°m ct 2lrehchci ng t &8c cho |
L€ ng n€€cb’n Xy rhaditkhl i~ u trong QqukBi tr 3
L-, ch¥%ng .IrWnlglikhmnth,geg ilPong cblu tr Y%c, h
Cc 8 ¢ , ng trong gel geopolyme3B,59 . ni Qu L - ng€ ¢ v, i n
mkng Portland cfn thiJjt cho qu8 tr3nh hy

TheoXu, H[72] t h3 bblt k8 vdt |i u n"o ch_ a
L " nh h3nh LQu c¢c- thW | " mTn@uyg® mhl ingu ntt nm
b¥%n L, | © phJ] th[i c.a ng"nh khai th§8c

| € ng nh!'m owd tL’'Iphhi nfg® mMEmg b¥%n L, thli r
| . n. V3 sth/dgeéangl thw t trong mibitiW byt
geopolymer
122.Sc dAng b%%n LY trong chA tuo geopolym
Qus tr3nh geopalgxemmen grdm Hi&Onh'veg igi.  a
li" " u ¢c- ch_a oxyt silic, oxyt nhtm vi [3
ki Qm cao. C8c sIn phXm c,a phln _ ng n"y
h3nh hoHc b8n tinh thWnpngglbiit kJja Bbilenal c8c
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ban Lfu sang m t c¢cblu tr¥%c m n hhn v~ ¢
| € ng oxit silic hoUt t2nh thblp n°n th€
| i u hay phJ thli chtmg oxghi sp lkihc§choUt t
tro trblu, silicafumé). Tr°n thJ] gi.,i t n
tri u tbin/ntm v° vi ¢ x |I'T c8c vBh LQ
MHc d¥% t h” nh tpth'fmh hphaf h  kkhow8ng ¢, a b¥%n L
phdm vi r, ng t%y thu,c v o c8c ngu n bat
nh€eng b¥%n L, vXn c¢c- nh_ng t2nh chblt quan

v’ 1€ ng d€ kiQm NalOH kp%risg hp lp€ehinWg xp h §p
[1144,4571 . Ch2nh v3 thJ] m" xu h€ ng hi n n
cing nghi p c¢c- c¢ch_a oxit silic hoUt t2nt
h. a.

N« c¢c- nhiQu nh” khadaath ,c cna@hib%m d_ u t\
geopol ymer. KJt qul L« L€ ¢ ch”™ ra r3Jng

khtng t, L-ng rdn b"i th" nh phfn oxyt si
th°m oxyt silic hoUUt (Pnésshrizted Blayi df
PFBCash)§g] . S d_. ng b¥%nedL, k Jyt™ gnelt ack@ ong nl [
2613 MPa v, i | € ng % %“nrdng sthdnpmgphfn d.a

s c¢c8c k/Jt qul khgd,t®hrgttro kKhmiy sihid_tncg
ch u n®n LYYt tro7g phUm vi 7613MPa |
TheoDimas3l] s d, ng 85% b%¥%n L, v~ 15% me't
k2ch hoUt ,SNOa(GQH vy tNanh |, ng) LW chJ tUYo
thd© mgrong Li Qu ®ith nhgianl)] €60nden t t
X®t L8&nh gd_8a ltnh Ihe€ md&n/ |1, ng LJn c¢c€ ng L
t2ch cing nh<€e [ nMNah€ /Jnng cchlua ttr Yad "c_Sa Oy e o
ch a d¢d  a geopolymer €, ¢EWndUt tn®A 00640

t. 469,5 MPa °~ tu i 28 ng"y khi thay L i
Tdn d, ng th"nh phfn LHc tr€eng c¢_, a bYr
h> p v, i ra’calcium &lmisn anthe hydr at % CoAWn ,L,s v di,

<

1 (CaoO), sau 4 ng"y c¢c8c sln oCIAMeEVY hydr
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CAHi, ¢c€ ng L, n®n LYt 7 MPa, nJju th°m 1
15MPa[67. Ngo " i rah_gu [Hi pth8lp" h., n h'p tro ba)
Ltheo t |’ 25:25:60nl 2mh MPe WiN@mgd hl c
khg&§c c¢c.,a Yang clng s d_.ng b%n L, kit h°
v’ thUlch cvaoa Lgegphe ngdokii Qu ki n nhi t L
c€ ng L. n®n LUt 11,7629 MPa %[/5tu’ i 28 r

Kumarf9 cho r3ng nh_ ng s[n phXm nh€ chl
gdch " p I8t LQu d., a tr°n t | ph i i
gi 'n LY ba th"nh ph¥fn (b %6radulatedBlastRurnécay v

H

Slag). Nghki an'amg s d,. ng b%¥wn L, , tro trt
b°e tlng geopol ymer dce€ nmjg€hl  n héC ot, r ‘olni §Pu2 4k
V., i h' b¥wn L, tro bay phln _ ng phfTun t in°gn

hydr at h -nesicl_ ia aal thnoiHlc canxi s i-3H chaotHicl W
SH. Do trong sIn phXm tYo th" nh ngo" i | i
t €ehng t . sfn phXm th,y h-a c¢c,a clinker x
rblt cao MPa 646t125 28 ng~"y. Tuy nhi®°n h

nghi°n ¢c_u c,a *ng |~ t<€hng L i thblp.
S d,ng b¥%n L, v° tro trblu nghiQn m r
LW chJl t9Yo vdt |i u geopld ymeamr ommgaomghn g

khl[fo s8t v™ t3m ra L, ph®n b" k2ch the
c.a b¥%n L, WWo tcrhdbltt rkHJu W2 nh geopol ymer

re ¢ d€ ng h, ° LiQu ki n nhi t L. ,28ph,n
ng "y LUt t_. 3, 20t2r0q 5t rMBwa.c -MXk2 cth_ tah€ ¢ h'
c"ng cao. T |~ t i €u c_.a tro trblu/ b¥%n

khfo s&8t ¢c€ ng L, n®n m" ch®€a LQ cblp c8§
hv%t n<€hc,a mws m t s° ch” ti°u kh8c c_ a

C8c nghi°n chbung pH®hmdginpHEp geopol ymi
n€e ¢ cthnchit dlo ng” nh caxiteqm€nghit ap cg mJ/] r ot J
nh” mm&y chblthTFREGMsENn xublt hydroxyt nhtm |
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l ©u), c¢c.n c- nh- (Legy n&kinhgmi m§ y Alow iRk N h ©
Ni:gm, i LiGvUTonbo

B%n L, L€ ¢ nghi®°n c¢c_u thay {5H053m t
s d,ng cblp ph”i b%n L, t_. 40 8 90% t ha
s®t nung ° nhi t L, thblp. n  ng te@. i M¥§u [ |
gch nung-bhin Lplt ges@t ph©n t2ch TEM v~ FT
phxm geopol ymer, LUt L€ ¢ ¢c€ ng L, n®n tr

ChJ tYo geopolymer t. b¥%n L,c- mMmhisun
trobay[6], chblt ki Qm hoUtH hm al € "n gorh %n ¢l jn°ht |
s d,ng t. 15 8 40 @€tnonfGhn@nh’ pJmh 1i8
tuy nhi°n geopol ymert bdn c€ ng 15 c%o nt

Nh-m nghi®°n ¢ u c,a TS. VI n_c¢c L i,
Vi t [ONlaanghi °Ang. aghh s[n xublt tinh quHng
khing nungT§c ghi“%n Ll x©y d ng L€ ¢ quy t
khtng nung s[n xublt t. b%n L,, x  luy n
d. ng hai S§phehng®&phl®ptadwhiultn. C8c s[n phXn
L« LYt c¢c8c ch”™ ti°u vQ c¢c€ ng L., n®n LUt
blfo c¢c8c quy L " nh vQ mii.tr€ ng so Vv, i T (

Vdt xlGkyhd nggeopolgmet b %n L, , trioh®Hhgeve tr
nh-m nghi°n ¢ u c_,a tr€ ng LS8i . cgBS8gh
|l i u b¥%n L, nh” np8HCMh -tar oc hibety Tt©n BB ™n hm§ )
thdch VomunBh¥ ch ki Qm h®¥tt th;-ya tli'nt In
NaOH 10 M. MXu L€ ¢ tYo h3nh v~° d€ ng h,
L- th8o khuln v~ ti/Jp°Ct_Ldnd€8naqgh y.Xm/t
c_ u cho thbly L, bQn c¢ch ¢, a s®m tpPhiXm4b h
tu i 28 ng’y

M t s’ nghivQn geowo&k lygnerm t §c gigchr €
khoa TP H° €h7 MUohchble kJ/Jt d2 nHhthay b ¥n
ch/] t Xopgtchb¥%n L 4,svii ph3¥moeaptetogey [tym/] xi
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H

hole thW . ng d, ng nh€e vdt |i u kh!'nmrg nu
ra mii tr€ ng so v.,i vdt |li u nung truyc(

C8c nghi°n ¢c. u vQLgeopoliym&r tghb¥»m |
yJu h€ ng LJJn c8c gil[i ph8&8p n©ng cao c€
Lfu gby m:* ph,ng th2 nghi m. Trong th
d" " ch kiQm cao NaOH t, i 108Mhhdkc ke Qm h Hwo
bQ mHt a®w vbin LQ vQ kiQm d€ v~° t2nh _n
guan t©m,ogghi Qquygl/ju.

T "ng k/Jt 1'9i c¢c8c nghi°n ¢c.u trong Vv~
geopol ymer khi s LidQugkb¥%n th€lkgt ihhdpp hve
c8c ngukyh°8ec | dhhtian hoxihtfFnsi |l ic tC8ogoghi bhfn
tréhedgm, i LQ cdp nghi°n ¢ . u vQ o€ mgtl s’
t2nh chblt, crh” bH{fiu khHnEtecc cth €@anmgh€°ng c¢c_. a h
h~m | € ng ki Qm dMHtc, lkah&ceolppu ymdt. c8§c r
geopolymer ° LiQu ki,th3th€ mg béoandg,6 kis!
ph™ i |7 tehmgi LSi thdipndhi phfFnaoxge silic
phlfi s d,ng m <t | € ng dung d ch ki Qm r b

~ng L€ ¢ y°u cfu vQ c€ ng L., n®n.

13. Vdt $i d, m@ygeobpol Yymer t

1.3.1. Xu h_ang phS8tung i&@@nVivMtt NamMu x Oy
Trog nh_ ng ntm quhblt Vch¥ Namndg«nghi °n

d. ng gUch IKXMmmhnghnwWug.kinh ph2 c¢cho nghi °n

X©y d ng L« c¢h, L, ng x©y d, ng 3 ch€ehng t

d ng th ¢ nghi m ctng tr3nh tr°n biWn LT

tri Wn vdt |i u x©y v~ «cbfuy kd ~nng k20kmnhgn tnnu |
ph2 300 t° LYng; nghi°n c¢c.u ph8t tchi Wn \
cao c_.,a c8&8c nh” m8&y nhi "t Li n, nh” m8y
ph8t thfli kh8c L/Jn ntm 2018 v, i kinh ph

vein bln nhe ThIBXP tceg a0 B/ 2 0Xley/ TdT ng Quy L
X ©y knhutnmngg trong c¢c8c c¢ctng tr3®nh x©y d ng
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ngu n v ' n Nh" n€ ¢ bdat bu,c phl[i s d, n

c8§c Lt th™ 1o49i 11 vdt lIlinuphkPy &h?!dg.i
15/ 1/ 201k3nu tvdic cc§cen | Ui pWHMudts | id, mgx @y i
kW t. ng”"y ¢- hi u | ¢ LJn hjJt%ntm 2015,

hW sn xublt m t t vi°n glch LBblt s®t

kholng 1.500. 000€hmjg L786t hsa®tl,bltt @Hnngg n g h
m) v~ 150.000 tbln than, LY ng 260ch®y Hih[u
nh” k2nh v° c¢c8c kh2 th[i LTheoblg9di clBhs c. @
X0y d ng, ntm 20KKBolchgnx2,c8% t d_wig°n qu:
17,5 t vi°n quy ti°u chuXm Iv, igthchn L2Ht1
t vi°n quy ti°u chuXn | "% vwdt vl ii un E£x©y2 Ok
nay, vdt | i u xOy % hirmgpgnunggl«’ chidiml2
blfn L« LUt vQ t % V' ohohg 20132BvETa. RBE
2020 theo Quy/JJTTG ohasTh567£€Qng Ch2nh p
Ch€hng tr3nh phg8t triWn 202iThlio’ quyOyhokl
thw phgt triwn vdt |i u x©y d ng t4i Vi
X©y t<€ehng . ng kholng 42 t vi°n glch qu\
L'blt s®t nung s& ti°u t  n hknhgo [In@h n5g7 VL Jjn 2
3.000 ha Lblt ntng nghi p; ti°u t " n t_ 5,
t bin kh®y CBi  u _niw Lntht” k€ nch.s” | € ng gUYch
th3 s& mblt rblt nhi Qu Lbttng atn/hn tadrc ,nisr€h [lIn
phlfi s d,ng m <t |€ ng than h-a thYch ki
| . n dXn LJn chHt ph8 r_ng, mblt c©n b3Jung

tr' ng hhn n_a n- c¢c,n gOy,t*Inhih®@ mygi Li]nE
vdt nuti, s o« khde gof wgel idj c.n | ©u d°
Khi s d, ng ctng ngh’ gUch khlng nung

tr°n, Lem I 4i c¢c*ng vi ¢ “"n L " nh cho ng¥€
c.a ,LTmhg n€ ¢ v" nguy n v ng c.a nhon d
Lem 1 4i 1°i 2ch cho x« h,i. Khi s d,ng
khai th8c t. Lblt ru, ng, Lblt ph%¥% sa, Lblt
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ao

m t cqgqwia, hi n nay, ngu n t " i nguy°n n-
khtng c¢c,n nhi Qu trong t<€hng | ai. L€ ng |
xXublt ¢c8c sIn phXm cao cblp hhn, thXm m: h
sxwublt gUch x©y th'ng th<€ ng. MHt kh§gc,

khi nung glch L, s€&€ g©y ra t3nh trYng

t. Nam ra Bdc, Li L©Ou ch¥%ng ta clng c- 1
miir<€ ng, | “m thi t hyj LJJn m¥%a m"  ng tro
c8§c ngu n nguy°n vdt |i u ch2nh trong t.
vdt |i u n"y ¢- mHt ° khdp nhi, vi ¢ kha

m?t i tr€ ng t, nhi°ngdchakhpdng giuag €h?nig)
gch x©y thtng th€ ng m khi s d_ng, n.
v m!i tr<€ ng, blo v cu.,c¢c s ng c_,a chVr
Qus§ tr3nh s[n xubltsigie hr &k hd Mt ng@y XK F
ra chblt phJ th[i hoHc chblt th[i L, c hyij

khng nung chiJm m t ph¥fn nh, Sso v, 1 qus
nung blFfo v ng!i nhtng, & mUgiTmsg t8a
b°n ngo”i, gi “up tiJt ki m nkng | € ng tr
Ngo " i ra, m t trong nh_ ng €©u LiWm |, n c,

ntng t8&c L, ng c¢c,a nmig thil u bg°ul rmgo "di, nwyg"
trong c,a t,a nh".
V3 vdy, Vvi ¢ thay wHdff gHch kE@yxXKe@®t ngu

c- ©u LiWm | _.,n nhblt | hln chJ L€ ¢ c8§c
ninh | €hng th ¢ vg d&m. vNgae il “ma,chw, intl
VLXKN ¢, n biJn m t phfn L8ng kW phJ] thT[i
khog&ng... th” nh vdt i u (€ ¢ t2nh L/n

tbin s€& mblt kholng 1.,1&0 nga triti k& ¥rcg LL W g
l onh v ¢ v"™ chehng tr3nh kh8c nhe€e k2ch
giIm L&8§ng kW I € ng ti°u hao than; ti It
c8ch nhi 't t t; tYYo Ld@ankinag@hichpysMin LX u
bung | th, c¢c?ng sang sIn xublt VLXKN.

5
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M t LHc LiWm €u vi t c¢c_,a VLXKL | " ngu
v’ C- s/un trong n€ ¢ nh+€ mUd- - Lit&hW cd§ tn gv “c
ngu n phd] a¢&ding phkb&8ognh&hitro bay, x'
c.a nh” m8y s[n xublt alumin v™ c¢c8c phlJ

xu h€ewngghi&n d, ogvl " m ngceuhyo nl oGi uv &tl nl ix

nung.Do Ln ,xwshlt v ti°u th, vdt |Ii u x0o0y k
LY%ng Ldn nh3um gilm thiWu t&8c h4di ¢, a gUc
1.32Y°u ctu kO thuot LXi vai wvot | i Mu x©y

Hi " n nay, kh&8i nGKNm @ Ycclhhi ikt th gl o @in gg Y
nguy°n ctng L nh h3®nh th3 nth€ Lcté gnng®auin U T
L hMW%tc,n h’ s’ .hma wOdtnmdicfFiohgua phli s
L' W nkuntg Wih“*n gldch nh3um titng L, bQnchc, a
khing nunmh'c-phHMnh c ng c.,a th” nh, phhn ohl
c€ ng L, Leh'c gia ®hn@®pHtonbnhJhgHec8&c p
h3nh kh8c nhau.

VQI'b chblt c,a s, |li°n kJt tYo h3nh, ¢
Qusg tr3nh s’ d. ng gUlchhkik?! tmg cncli nag g0 - d ebrrcc
h. n h p tYo glch s€ tMng dfnibUib@ichhe
ph” bi /Nam hdi 'nt nay |~ glch b° ttng b t,
gch b° tlng.

Hi " n nay Lang c¢- nhiQu | o4i yGKIN,c fw ik
t hikdt§c nhau quy L nh trong ti°u chuXn p

GKN L - . GKN t . b¥n L, ytiu sesfanbph Xmfmdi hic
y°u kcfu hudt cho | o8BBcsyhupbRm hi §ynnbean
lc, ldafnlHmu ctng ntng s d_ng, c8&8ch ©m,

C8c ti°u chuXnurn® gU&h khNag TGMN n n
6477:2016 dgWcuh chbh°uXtnt mg,y t8p d, ng cho gdUlc
h®p b° ting c¢c. . ng d¥ng .TEWNMERI20El° ctt nmyg t m |
gch b° tilng nhG, b° ting kh2 khlng c¢he®er
b° ting b t, kh2 L-ng rdn trong LiQu ki
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d., nTCVN 7959:20fb° t1ng nhG, gU&pTib>®u tdmwXnk hr?
d. ng cho glch x©y t_. b° ting khi L-ng r
AAC), d%¥ng cho c¢c8c c¢ctng tr3nh x©y d ng

n"i v.,i Is€nc pthXngy h  p tr°n ch s° geoj
gch khtng nung bgmd@gliyymer hi n nay tr°n
Nam LQu che€ea c-vQi Yuch@gM¥nkri thgdt hay p
M hFu HhiAtnc&c und Qu LQ xublt c8c ph<€ehng
kh[otic8¢ chuXn c_, a xi mbLng port !l athadh h o H
khlFfo c8c gbhch tliBltu sc®ta nung.

Xublt phg&t t. th, ¢ trUng tHENnt2wb. &:ny
gUch xO©y kh'ng nung_ mlReopm$&wmeF Mt umb¥%n L IO,

n-i ri°ng v° c¢c.,ahwm t&@pambych shmnxygublt v
khing nung | " rblt c¢cfn thiJJt, kh'ng ch" ¢
G p th°em fi@QuXxmblhgwwen i u tm lii cthox @y & |
nung g-p phfn ph8t triWn ctng nghi p L &
tr€ ng ph% h p v.,i xu thJ c_,a th i vrv4i |

a, C yng Li chNu n®n
C€ ng L., ch u n®n ct @i gdladr KkhaAaaggr bitunl
L " nh rblt kh8§c nhmw tl%y hk bshig dl. @4gnggtibWw, t 2

n"i v.,i glch b° tlng theo TMENMBUMG, 201
M10, 0; M12,5; Ml1ByOchwXnMROWMBC: géley £ €hr
cao nhblt | © M20 t<€hng . ng Vv, i c€ ng L. (
gch x©y t«€ ng trong v t€ ng ngo” i, gUc

Theo ¢c€ ng L, n®n, gUch b° tilmwmdibtth, r
c8c cblp L, c¢ch u n®n nh€e sau: B1,0; B1l, 5;
gch b° tlng b t, b° ting kh2 khtng che

kh” i 1€ ng thwW t¥éh tfu50ad126 6t kug QqnRenblpc
l o4i glch n"y ch” |7 B10 t<€hng _ ngOOv, i
kg/m?.
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n"i v.i glch nhG, gAACHYy D8 ¢Fwmgv®heé€c
clng L€ ¢ quy L nh t€hng qCdp w.€n @khtj al
gUch t B2, B3, B4, B6, B8 t<€hng . ng Vv, i
t 400610CG0 kg/ m

T. nh.ng ph®©n t2ch vQ y°u cfu c<€ ng
khinghhungnay,c€ -ng hlIW tchtblyu n®n ph, thu,
| "m t€ ng x©y trong, ngo~i, trang trz2, c
thw t2ch c¢c_a gUch.

C&c m8&c glch thtng d,_ng nhblt hi n nay
v  t<€ nggnghhukh!n th€ ng s d_,ng itrvnit
s[n gpe¥mol ymer t. b¥%n L, TOn Rai L€ ¢ t
t 9o vi°n glch LHc, L€ ¢ chJ/jttr@o btay, nfdum
ki Qm Na®WHchRBopdbdbyqer c¢c€ ng L. cao cfn |
! ng nghoa v, i Vvib c ssungd, nng nlg nlo,vGiieumitgi * du
vd tvdyng m, c ti°u nghi°n ¢, u c¢c,a |l udn §

X ©kh!ng gaopolyngert . b %1 IM10, c¢c€ ng L, ch’ u n

r€e ¢ coi | " ph% h p th ¢ tJ hi ' n nay.
b,n i h Vat n_ ac

Khi n-i LJn glch x©y, th3 glch thtng
Xx©y.a Vtrong kh i x©y th ¢ hi  n "lic'8cg vtihn
gch xO©yv'v, li"mhlaup L m tYo ph3ing h"ng xC
kh i x©y m'gm hWchi cn ntnmWct . ¢ nhtibltn L¢c m |
n"i, v_a cfn c¢c- L, b&8m d2nh t "t v’ bQn \

nHc t2nhg geyaan vtirnn x©y [nh h€ ng L/n
h“ut n€ ¢ ph, thu,c v™o bl[n chblt vdt |
h“ut n€e, ¢ c,a nQn (mHt tiJp x%c c_,a Vv
tr¥%c r, ng vHh€lrg ylJJun tL/JnMnthh n thblt t2nh c

kh[ ntng li°n kJJjt d2nh b&§mmchla vYa.cn n
r.ng, LY ng th i nQn pha rdn clng kh§ x p
th€ ng, ngay khi ti/Jlp x%c v,i nQn, v_ a
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dXn LJn s, thiJJu h,t n€ c¢c cho Qqug, tréEmnd
h3nh th" nh v/t n_t t8ch ,trvwngkhm{Ucrmt xgdyd :?
v, a.

n., h¥%t n<€ ¢ c_,a vi°n glch | i°n quan L
v o t€ ng x©y clng nh€e kh[ nPmgchh’Xmg TtC
6477:2016g Uc h bR hitrglgquh L'm d %t nemc ¢l mhni W
m ¢ chHWH, t h%h n€%x nhhie vawllmnihd &W Lgum b
L€a v o s’ d. ng trong cltng tr3nh dhB t €
t hblm, tuy nhi°n nJju glch b° tlng c¢c- m ¢
b8&8m d2nh v,i v, a k®m, g©y chmamkgl d 8tch %
chuXn vQ L, h¥%t n€ c¢c c_,a AOWOGUdHItL LRt L b
ning, Cc- quy Lpmhi td B 8wk na¥hc nhthnvlie s
gUxi®y kht!gegpolymetng b%¥n EhW 8§p d_ng ch’ ™ ti
ne c gtiktcdo L BITTCY®t 1mblg 2009 | ° ph¥% h' p, L
Xx©y khhbimg b w_ y WwHIfFUBEmcd2nh ¢, a glch v
cni thmm n_ ac

V.i vi°nltgYehng, vg°n glch c¢c"ng | . n c-
L'i Qu n"y ¢c- thw L€ ¢ gili th2ch, khi th?
bQ mHtphmXu,hu, ¢ v o chi Qu d"y th”"nh m" 7
nhanh hay c¢hdm, nJJu chi Qu d”y vi®°n gUch
s€ chdm, ¢, n ng®&hé nlglit hsg€ nmgh &mh Whn h ¥t o
s€ | "m tmng cll, t hblm

V. i vi°n glch LHc: v3 vie°n glch LHc
vi°n glch v° L, thbim n€ ¢ | " tuy/n t2nh
m t ng€. ng n"o L- n- d€ d.ng | Yi. do 8p |

V., i nghg s[n xublt: c¢c!ng n®ph  ®p[ nt oxnuhblt
Th€ ng hi n nay, m i c¢ctng ngh c¢ch” th2c

c- khi c¢c%ng c¢c€ ng L, n®n, Vvi°n glch s€& c
nhon doh#dc EHa ¢i °n glch sau khi t Yo hs
| € ng b, tL® mglkhnhvéDmayhh, u I . @ @b blt, i



LHc chdc cao | "m cho kh[ nktng h %t ne, c,
c€ ng L, h®g s9®p, iucg
Khi khtng xem x®t chblt 1€ ng v_a, mUc

vi°n glch ¢ L, h%t n€e ¢ cao s& | " m ttng
n€ ¢, thipmhh<€ekblthbing thbim t€ ngg tsrf ngg [knt
X©y c¢- |li°n quan mdt thi/Jt LJn chblt | €
vbin ILQ s&€ ph_.c¢c tUYYp hhn, v3 khi vi°n gUcht
v.i v_a k®m, vi°n glch c¢c- L, h(%tf nn€ ecm cx
V. i bQ mHt ti/Jlp x¥%c ydina vidonggWENNV 64V

thblm n€© ¢ ¢, a glch x©y khhng tg8thkk®&ngc
| . n hitmh h16 Ch" ti°u L, thbim n€ ¢ nhe€e L[« |
kh[ ntng thbim n€ ©Bge ia X¥huicgR®yyQveé €vay
cfn nghi°n ¢c.u LW n©ng c&dh!!kignnninmg, ic hg .
X ©Okyhlng npuongy nieeros . d¥%ng Lph€hng ph8p t Yo
|l udh Q8 xublt gi & tr L, koAbt nn@ cn k@ tonwgy | L
TCVN 6477:2016

dHM s X h-a mZm

Q

H s h-a mQm | " t° s gi.a ¢c€ ng L.
c.a n- ~ trYYng ths8i kh?t,
Kihi u:giNtnmc ¢c€ ng L, L€ ¢ biWu th" b=3n
Km = Ron/R«k
V., I :
Rh €€ ng L, mXu b«o h,a ne€ c.
Re ¢c€ ng L, mXu th2 nghi m ° trUng
KuN[01]-t vdli ul 668 khtng nungl Wth®, knh. KO ,78- vdt | i " u b
ne Kum<075-vdt | i u k®m bQn n<€ ¢, khtng n°n

c.a n<¥€e, c.

nW x8c L " nh h s° h-a mQm c_,a vdt |i°
ting th€ ng s TCVN 75720 0t:i2°00 66 HUiXbhfm, a TCV!
1620: M0O®6L2ch c¢c.a vi ¢ x8c L nh h° s n°
c.a n€beo (NkEhacydt Hiki bu gim L, bQn nhe t
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o

thg8i b3nh th€ ng KHEWIr~ i hdgnhogg §k m! ct

ch¥%ng |7 Db wd-@, MM H&WhikHK: pg0,76)Quh- & - mQm
thw d HoB8g, R p€ ng xblu c,a n€e c¢c t_ i |
c.a ¢ct'ng tr3nh trong qu8 tr3nh thi c¢c'ng

H s h-a mQm L i v.,i c¢c8c lo4i wvdt 1i

chblt k/Jt d2nh v?! tcth® nth€ spih [hmbtag gnh@ronr | & n d
clng nh+e kchbluy /itr Yhcedtviv QWidtc la "hi cvdth | is u
cao th3® ph[n 8§nh m c¢c L, phlfn _ng t t hhr

vdt nl"ii w. i vdt titH®pm, Lk8cnlt, ~d- nthheW Icioiu L
ho"n to"n LHc Do Kkhlkhgi hilgOme€y«a h k6  a n<€,
[nh h€ ng t.i c¢c8&c | i,°nh k/nt- at rnoQny bcIhug t1r.?

Trong h' g&epoldymeéi, u th" nh phfn L€ ¢
nh€ b¥%n L¢- L,ror bmy.xKhit ®hng_Ilhgi plh€hng

®p b&n kh* v_,i L, Xm th2ch h  p, c¢c- thw
L., vi°n gUchikipccHham d Flu i chHt) khi t Yo
h " ¢ do phln _ngiggepopRdftymear hhcado | n ch

h.y khi mXu b«o h,a n€e ¥3 Wwdys[CWhphal mQ#
ch&l€ ng L, dadc lci °cn ak ftu §h eap omlhy mé rn gt th? pc |
h s h-a m@m hy L§nm®e®ni § t rBongl -t hcgi tbh\
h™ s h-a mQm @hlrfdi8&8mhk/Jt h-a h cmcga p
L' ho"n thi n cblepolymer’sac c_. a s[n phXm ge

Trong LiQu ki n tdiR" ntgihiu mh'c, 2" xI@wda
khtnggeaopglymer t. Db¥%n 08[8FE ¢ LQ xublt ¢
eKi Zmv'd_ch=xvaX sph phx m

T2nh chblt ¢, a geopol ym&E mg [ blhgad @
nhanh, c¢- kh[ ntng ch u nhi t t Nguy°nn b
lich/] tYo La dirgc agutyhWwW $i d_mg phJ t
th” nh t€hhugy Lnkhii@mThoUt h-a th€ ng L€ c
gopolymer |7 c¢c8c | &HUn Kkh>Xm gmlon ( Nmg &éq .
lutn d€ m t | € cng tkhivQn hnoh§hit rla MBhQ milt o

-32-



phXm geopol ymer s d,. ng trong c¢c8c mti t
ki Qm hd_anbt'v" chiJt ki Qm v’ o onlkh,te &€ oamg
mii tr€ ng v~ L- lun |I° nh€ ¢ LiWm c, a

Theo TCVN 7629: 2007 vQ fing€ ng chblt t
vQ ng€ . ng nguy h4i 1 pHOW2,i5.c h®ltn tthhfeéo cg
t hudt gu ¢ gia QCVN 14:2008/BTNMT dAn<€e, c
tr€ ng gqhi'y €7 nfhH t " i La cho pOhT@pe on @ ucy tlLh
c.a quy chuXn k: tOQAVNO1gR009HBXTcy® BHBchi
sdch s d_ng chaotm cndgecig sg imM8b.MWn DT t |
|l i " u trhe, cth'oi rv& i t2nh ki Qm ,chhan M€ 5c,lL €& h
| © an to"n cho con VAg<€l igeadpoltyinfepr xhic nv,
c- t i ligiu in hUmedaQgrtk imOdm d€ c_. a s[n ph
cho vi &KiQm deng.-§thhwWwgl §ula gi § tr L L,  p
pH ph[n 8nh m c¢ L, phln _ ng, th" nh phfn
l'i u, L, pH nhH,r otntg3 qkuiSQmr@ hnht hi cing g
th8c s d_ng sfn phXm glch x©y geofp!l yme
vV, o vi°n gUch, n°n c¢cfn kh  ng chJ 1€ ng
geopolymerGi § tr’ L, pPH c., a geopotl'yimelsa tlr'ong

T.8¢c ph®n°n2eh th, ¢ tJ] nghi°n c¢c_u c¢c_, a
ti°u k: trRoOkWh!: cg anwMHg hgeopol ym@r x o blt bés&c
cfu k: thudt c¢c, a gUclh€x®yt rkhriBf glg5ny ntgr d n g
Bfnd 1B[ng LQ kKublthydw cfa glch x©y kh?

TT Ch" ti°ulnhn M c¢c y° Ph€hng ph
1|C€ ng L. n MPa min 10 TCVN 6477:2016
2 |n, h Yat n e, % 8 &6 TCVN 63554:2009
3in, thblm n+€ I/m&h max16 TCVN 6477:2016
4 |H s’ h.- a - min 0,8 TCVN 757210:2006
5|/n. pH - max 9,5 TCVN 9339:2012




14 Chhoach/]ct Yo geopol ymer t. b¥%n L[, |~
141.C_ se& khoa hZcchsAo td xon gg ebotpno | LyYme r

nW chJ] tYo gUch x©y tkhPbrian alfum gp h©n gte2o
tr, cvd ®BtDOng nh€e LiQu ki ' n phl[n _ng LW
th2ch h p khi t " ng h  p geopol ymer.

C8&c ngutire°dgidicthrarrmg: nguy°n | i u e&- <c¢h.
d4ng v! L  nh h3nh L Qutrcong hnwW ig etorp@® | nygmek it

B%n Lrovbay nhi t Li n c¢c- themuyhfn
l i u ch_. a edl-nnngi nvoasii Itircatcunghlc Blp otnlg™ i ny
c blwsct rg e orpNogluyynien | i~ u ch. a teéd¥mnmhg plhW nc ha]l u
i u gepPw!| gfne phli c- kh[ nktng h,a tan

nNW ¢c- c¢ch s L€a ra ph<€ehng rpm&p bkznc h,
ph€hng ph8p cheng 8p. Cfn phli Leda rna, ct
v LiQu ki ' n mti tr€ ng c_,a c8chtdatitnhlLpl
LHt ra gi[ thuy/Jt khoa h ¢ cho nghi®°n c.

a).C Iklkoas bt Zdddunmngg kHMah nkgi £Zrh A t:u 0o geopo

n" i v, i phln _ng geopol ¥km®m h¥ar blvaigu
ch¥ng L-ng vai tr, h,a tan Si v~ Al t_ v
mUn h:

Giai LoUn 1:
Khi nh” o tr, n nguy°ralyi) w,Si ,duMlg (dv 2
ionOHc, a dung d chhitd@m onHdmOsSic b kBJT Bky

Si(OHXO. AI(OH)s L €tdo th" nh t<€hng t., nh€e Si. S

Lfu ¢c- thw L€ ¢ mt t[ b°i ph€ehng tr3nh
(SiC2Al03) + 2MOH + 5HO Y S it 2AQ0H): + 2M* (1.1)

Trong L - : M | © Na hoHc K.

Trong dung d ch, cstahhph SipMfFin hvat hl ¢
aluminosilicagn - i chung thudn |7 khi ° trong Kk
c8c vdt i u n"y tktng khi pH dung d° ch
aluminosilicaeph, thu, ¢ v 0o k2ch th<€e ¢ h4yt v3 n



H

thw LHc ter-€nmmik iSm, Ao Ui*, KRI Qtmr  Ng@ h, 6 a Li n
c8c s[n phXm tUYo th" nh. S[n phXm n"y ' n

thudn | i cho qu§ tr3nh di chuyWn v’ Kkec«
c8§c catian 0oty gi_  pwn, gia pholnn v ngb Jndgu yc
tham gia v 0o qu§ tr3nh bi/Jn L i 85cHlm kI
chh]-a h ¢ ¢, a giQm hl:cadnv "n"hy® nlh” :t hk nh h- a
silicate-SI-O-Al-(OH)3Na" ( H3 Idad ) . S, th©m nhdp c¢c, a ki C
c8c nhtm°@®Hch s c¢c8c nguy°n t silicon,

tr° V tronmgg |H-°a tkr/Jt 4b)a QuBngreHhnhi Ip
~ng c- thw L€ ¢ gili th2ch bOiSish3phonh
c8c silanodOHt tufAg o &n nbBlikn;O-Bvir ° s i Mhtx ok t ghc
1.4c).

| | Natg /OH
—5i —9—A|=O> +0H Nﬂ+,HZD — 5i —Q—AIR_‘
I —_—> I | OH
10 10 OH
I I
—Si— —Si — (a)
+
I Na*e OH i ol Na'y OH
—Si —0—Al —ror —si—0—Al
| OH | | OH
Ie] OH HO o OH
| pentavalent i |
— Si— — Si — (b)
I I
+
ol Na o ,OH | Na'g ,OH
—si—0—AI{_ _  » —Si —0—AI{
wo” I}~ | TOH | | OH
[s]] OH 101 OH
(c)

H3nH®W 1Gi ai LoUn 1 c¢c_ a q[8% tr3nh gec

Giai .LoSin t2do t h” n%i cheAHionoSiomgr pB8a |, ng:

Khi n“ng L, c¢.a Si v’ Al trong pha |

phfn _ng h-a h ¢ gi._a ¢c8c ph_c hydroxyl

c8c tigQapahyimer |~ nh_ng ddng monomer (

g m c8§c olliyrme rkOfBtj] aprCBAISiL€ ¢ di. n t[ b=3ung
h" ¢ (1.2),(1.3),(1.4).

Si(OH); + Si(OHY 2 (s8I HQ - Si(OH)s (1.2)



Si(OH) + AI(OH) 4 2 (381 HQ - Al(OH)3 (1.3)
2Si(OHY + AI(OH) 4 2 (38IHQ - Al - (OH)2- O- Si(OH)k + 2HO  (1.4)

S t°n tUyiek,a tc&rm tsidngadung d ch Kk
c€ ng sh°tYo th" nh.c8tcl délayg mpaoman tro
n“ng L, Si d ch chuyItheoh€ rygjuh? np Hehnmh
OSi clng nheldWehngheos3 hie cEx Mm3hnmr tmofhimhm
thiJjt cho s ph8t t rdhwnc hk/h uhn-ga nh4 ncg cg eao pgc
85l h=nh th nh th°mOHSc sctBloopheisalae, Sor t
Lhn v cheémpoltymergbah)-.a RMHEmMh mMg cO-a, $il o

cation natri Nav © s h3nh th"-@GNachiHSmh!l1°n kJt S
OH

|  Naly  OH . Na'y oM
| | OH | | OH
[]] OH 101 OH (a)
@ [
OH + OH
| Ma a /DH + Nﬂ+ l Na+e /OH
HO— Si —0— Al {_ —————» HO—Si—O—Al
| | OH | | OH
[e] OH 101 OH
a- 2 ﬁai [:b)

H3 nlb. Gi ai LoU4n 2 c¢c.,a quisgtr3nh geop
Gi ai FoWQug3 tr3nh La tr ¥ng ng+eng c8c r

aluminosilicae3 c hi Qu .

S tktng n"ng L, c&8c monomer trong pha
c.a chwng, do tri WXnc Ldnmst kph@ng mUlng
AlosL€ ¢ | i°n kJt lu©n phi°n b33ng c&c ion
(1.5), (1.6).

| \
n[(OH),Si-O-Si(OH);] = (-Si-O-Si-O-), + 3nH,0  (1.5)
o o

| |
n[(OH),Si-O-Al(OH);] = (-Si-O-Al"-0-), + 3nH,0 (1.6)

| J
O O
Phn _ng La tr¥ng ng€eng tUYo I|i°n kIt

Qo Qa .

b3ng c¢c&ch lo4i b, L ng th i c¢c8c phon t’



C8&c monomer c¢c- thW ph@Gk trhg nwh, ic 8m, ichu, i
v,ng tphean k/Jt qul | tYo ra khung mUng
ionAP*V "o trong mUng Geopol ymero brang b mbltp
Li " n t2ch. Do L-*K.. hblpttdng c&&c ilon K Nmac
c8§c P8R A©n b3lng Li n 862 cchh tcrho/n gp hmMthn g .n g
LHc gi. a c8siph@bhe®ONabv mh®h?! mOMydwvoxylki
NaOH tYo ra ctesesiablater utehepyclo NaOH ki Qn
ng | Hh m_ @B V" th°mohlyi( Q@i adBatlkhc vN@ tr ol
1.6a).

o condensation o
| g  —
o250
-1 \\'f—" & Hoe
4 : A,
u\%\/ .'?"‘q_.’ F;'ﬂ-"""’q'l'\-\_,g"“ ?
< e o S
& e W TR T g,
T g0 el
S A e
tE =} R
‘%H,}/@% o Ef'; Nn-.o'. “_;GJ;,@.‘-
SN B S R
* /O-’- o= =
R W \ o
O‘S‘ 9 on
Ma-polylsialate)
MNepheline framewark
OH "
Ma
I M OH DlH Na*_ oM
HO— Si — 0—Al__ = 9y
| - L ToH HO— 5 — O—Al .
|0l OH g condensation l | OH
©nzp., - Nag fongensation 10l 101 + ZNaDH
=1L OH, 101 ! —o
o HO—3i —0—Si—0I® |
HO—Si —0—Si—0I® | I | Na
| | — Na 101 OH (b)
@) Jor oA @ Na*
Mat

H3 nle.Gl ai LoUn 3 c¢c_.a qui§sgtr3nh geop
Khi c¢- s bkBi8cni oMapkoil€nsai | oxonat €) cm, t
ng<eng t-siloxgnate(@l)vdp h ©n t-si alrdthew, c8c -ON&y- m p
SFOH v~ nhtm 4HAlyd rtoixoyg IO K r&ddbko-sialatedigjloxo, theo
L. NaOH ki Qm IH&nitéb)gi [i ph-ng

-37-



Gi ai :Loldin°m kJt n8ncg hGeto prodny mero v L-ng

trong cblu tr¥%c polymer rdn cu’ i c ¥2n g .
Khi c¢cblu tr%¥%c polymer L€ ¢ ph8§t tri Wn

h-a c¢c.,a c¢c8c h4t rdn nhi c¢c- thW tYo | °r

polymercu” i c¢c¥%ng theo fi)hng tr3nh h-a h c

| | | |
T-OH + HO-(-Si-0-Al-0-), = T-O(-Si-0-Al-O-), + H,0 (1.7)

| |
O O O O

Trong L-: T |7 Si hoHc Al

C8&c v tr2 bQ mHt holt dOHatcoagc b €h4
Q.7 , L- I nh-m silan®H) ( SN=0O#&) whWwWal Umc
hoHc v, ng ph©n t° | . n trong ©Ou thre®x [HSo
Al c¢c8c v tr2 n"y, li°n k/Jt c8c hyt kK
mUng | € i pol ymer , | € ng n€ ¢ th. a xublt

su’t qug8 at rcdtmnhg,t Ub€ crhgp hv,dt Li u.Theo[8% € ng
gi ai LoUnc n"s| Hicd 1f] ppolp(diatatecai s i | o x okhungmHm gt h -~
Li Wn hdgeopblymer(H3a nltv).

OH

+ aH oH aH + OH
I _Nae,c"" I Y | _N"-E:-f”_ I GiH
HO—Si—D—AIL, ____ @l0—5i—0—5i—31®  wo—Si—0—A-0—s5i —g—si—nl® ]
I | WOH  mwate | | ha | I |- M
1ol 1o S o o1 —————» 10 1o 1ol 10
o — gt QH:'_\‘xl _ L _
HO— 5 — Q—S5i—Q'~"-= "7 8 — O—Al=—(H HO=— 5 — 0— 5 —0 — 5 — O—Al—QH
| | e oHsT S e | | o0 et
10) OH OH or oW M OH
Ma* ® Na? 4+ INa0H
s
|IU".-\_\-\-:-I_'—‘—\—\.‘"_,-
g
Ma-Poly(sialate-disiloxo) l_ H"'“‘“Nioj,lj
I e
, |
Albite 8 B |d
_'::-\.:_'__,_'-"i _'_:.I:'-"_\_“ A
Faldspar crankshaft chain | r"uqfﬂ -'J.H‘_;--‘:' QT
o .fl "o
—:!Il LI \‘!\:
So s | o o .
;"H-. ':‘-«.,:. “Hﬂ"ﬁ"ﬂ_h_h __r_:-“'T
il lL |
5,_,—"'-!_'-'_”1\"" |
rhl'.:'.“\.'_'_‘_p -

H3 nh. 1Gi7ai Lgoutn t4r 3cnha gd&pol ymer h-



Nh€ vdy ¢c- thwWwW t - m tdt | 4i wvai tr C.

5

l'i°n kJJt v o cblu tr¥%c geopol ymer, cOn b
khung mUng t Yo th” " nh cblWN"ntg “c bdQnn gv_dn gc he
cao th3 kh[ nktng h,a tan th"nh phfn Si v

Qo

ra mUnThuyhbmnhi °n n ng L, dung d ch kiQm c

t“ n tdi m t 1€ ng kiQm d€ |  n.
b)C. se&¢ kvhdob&contzd i Mu th”"nh phtn LXi vai p
Oxitsi |l i ch'lp amhbBlc ., m- & -htén g dt! rkch §tch Ic
h™lc” 28701 " m t oxit khittmmgyAlUn PHONn "t dUs
kJt 1'49i v, i nhau th” nh ph©n t  rblt | n.
Lnh h3mgh” nm, t oxiJds Eaxihto mphi nSi &g v, i ki
tr¥%c tinh thW nh€© thUYch anh, tridimite,
L cao tYo mu’ i silicat e, tuy nhi °cn av, i
Si,cc:- c8c nh-OH mydar gXyld, d"ng cho phln
sublhz guNMWn c- thW n-i c¢cblu tr ¥%c oxitsilictc™ nh
Nhtm oxit | " m t h p chblt h-a®ccnec, a
c- t°n g i kh8c | " alumina. Oxit nhlm |~
axit v"™ kiQm. Tuy nhi°n do ion nh!m c- L
ion nh!m v~™ ion oxy rblt mnh, ttdonm¥*m tlrn
h-a h ¢ ° nhi’t L, v° 8&p sublt th€ ng. CI

phli ¢c- c¢c8c nh-m hydroxyl trong cblu tr Y%c
hoHc axit.

HoUt ctdamiht si |l i ¢ hw hox inth aank%gfi an tprhg nt
nhi°n m i ph€ehng ph8p th2 nghi m kh8c n
tr€ ng phln _ng kh&8c nhau. V3 vdy LW c-
c.oaxit silit¢tudn t@xaim nknhh[loen t i i nihhuXahbKt
Vi t Nam TFIO\R006-XZZ€2 L " nh h"m | € ng (hsim i c
| € ogit silic h,a tan ,TQVN A5§214120069X §ctu n’'g nch’
Kkh[ ntng ph[lnHoHcg dkhaOQmhWhlocth°m c8c ti
TCVN 141:2008, TCVN 9191:2012, TCVRL31:2002.


http://vi.wikipedia.org/wiki/H%E1%BB%A3p_ch%E1%BA%A5t
http://vi.wikipedia.org/wiki/C%C3%B4ng_th%E1%BB%A9c_h%C3%B3a_h%E1%BB%8Dc
http://vi.wikipedia.org/wiki/C%C3%B4ng_th%E1%BB%A9c_h%C3%B3a_h%E1%BB%8Dc

Geopolymer |~ ¢8c h>p chblt v c¢ch c¢c- ¢

ch2nh (ch, yJu |~ c¢,.ngTrhomg tablu vt'r Weca |l c _da
oxytSi®;, kh[l[ ntng tYo mUlch polymer |~ do c§
ntng li°n kJt Sr )c htoiHgp |v. °in rkiDbu JuURITc €c
h®p li°n kJt qua c8c oxy cfu, mUch moly
ph i tr2, tYo mUef§ckhbdbngcgaans§b ad Kt Qbi J

CaO, Mgm¥ng tUYo mUch, n331m trofmMdielo, gtifd n
c.a Zachar i aw etnYbimth aht3hnW, v ¢gbe toih, quartz (Se)

ths c¢c8c #*t Wo In€ [iSikchitng gian |i°n t_oc
nguy°n t  silic (Si) li°n k/Jt [SIO]% WM n n
nguy°nittn &y Iv, i haoxwgaoafFbea b ifghbaCget !
t di " n li°n kJt tYo mUlng | € i khiymerg gi

trdng th8i v L nh h3 nh[SiOdftrong deapaymerll " n h
b° phd&do hg-yc [FO-Sin K /JtbiSAn L i v~ til9dn mnec
nh€eng kh'!ng c¢- trdt t . V, I th" nh phfn g

th°m nh_ ng oxyt C. a 2*cNe'L Thieoon Waair/pmn tt2hmh s(€
oxy cfu b bT gXy tYYo nh?2nNg) || blprvdgl nk
tr " ng n”"y, tYorklhit°nng bK&/ftg oM i i° nc kKdjtoxxyn v~
mUng | €, i

T€ehng t nh€ mldch cacbon (C) trong c
mUdch |i°n kJJt polymer ,ocmUehWpeal ym&rc thrgu
kgt tr, c tiJ]p v, i n hkahui hco-HicmHith 1cn8gc giuoan fiko
(R,C&), mUch | i °nrSikI/pt, ap oplayl ngeBi®,wO t = t , t U

nh. ngkbakxwng,iciiWodh pol ynm®E8icom knQdn vi"Uik.i Qm
gi “ap t Yo mUch pollymedsnx kihfmgt Tehc g i
Oxyt nbml(&Xlc g i |~ oxyt trung gian
khtng. BfOsk Hthrmogn pAH [ oxyt «c- kh[ ntng t
tehnyg,. t 8oxyt si l%cc, sn/ju hd 8ic tircg*,6A Lk ht¥mog bs
khtng t. tYYo mUch polymer ri°ng bi t, m"
c.a c8c u* «ihvmg[ Li-;dg vaiTrtorn,g ch§ cp kcohnbltb
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V.,i h"m | € ng A¥*c-t hdblp,phm it tHCEH4L h %ngo cl
t hw t h#tyr arhg] 4ch n" i 1 i°n kJt mHAga poly
c8§c oxyt c¢- tMiot nmlc hn pto?l ¢giBvgane’ dc€ bs¥o tvr i |
ion bi/n “tK)hoc +@&_  ( NANOLXI i °dni " knjJt V¥ 1i" nm, t
mUng | €, i pol ymer trung h,a vQ Li n tz2ct

T. c¢c8c ph®©n t2ch tr°n ¢+ thW nhdn L n
tr mysiicho, attraamg th” nh phfn ¢, a nguy°n |
L " nh L/Jn s, h3nh th” nh Ii°n kJt v~° c¢ch t
tiJJp v,4SihhadaoHESI i °n k-PiSi Jua Khgc lcoxyyn &7
cfu, mUch polymer c- thwW bi Wu di, n qua
gian ba chi Qu. C8c i onO,KkOa €80, oMgOé bk

mdch, nilm trong |, tr ng c&8c La di n ph’
142 ¢ nh h_eng cvlai Li&gmn «u™in Lhhn Mdu§8 tr 3n

X®t tronvg hdunSgi G ch ki Qm NaOH ° Li Qu
sublt | . n (9610 atm heHG6 ° @86 hih@y Ki nmhin”

L, v~™ 8p sublt cao, hhi n€vé b&c mhgay°Na
Al s€&€ L€ ¢ h,a tan nhanh v° nhi Qu hhn v~
sublt c¢c_a phln _ng geopolymer h-a. Trong
nhi t L, v° n ng L, h,&ctwWhhSh vdi AL, ccl
ho"n to"n) hoHc li°n kJt v, i nhau tYo tF
t Yo mUch pol ymero, Qg G W kG, hi2,u3 11" Qh"
cblu tr%c). Trong dung d kchh[ nn& ncg hh3lshph tthh

ph©n |y c¢cJjQGH cn8cy nh- - m

=Si—0
—si—0—sioH > OsioHy =i 0= Si— OH
1 p—— - - 3 2 = a3l - 11—
Si(OHu ' OFs - — 6o~ ~
=S8i—0
(Qo) (Qu) (Q2) (Qs)

Cg&c |l oYi polymer khtng LY ng nhblt, ch!
LHc tr<€eng b i s’ oxy cfu. C8c ion polys
|l o4i polymer n"y c-Qua, c8©nph@&ngtabh trekt
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rvngi, Lgoithn h,a tan nguy®°n |li u Si v~ Al
tr ng, h m | € ng, t ¢ L, FThhaht®©ang8vBlv phi
ng geopol ymer h-a, d@ucn gbhilentg |18 p tAuotnoge |La

M ¢ L nchgsdic(S)m- quy/jt L nh LJn phl[n _n

L, tham gia v o phdnc,_  agngeypol lyimeu Si \

gi 8§ thing qua h" m | € ng oxyt silic v"~ o
NaOH Trong m bhiiQulLkecvnt BW shbtthn'hnhngphf
aluminosilicatt r ong c8c nguy°n |i u h,a tar[1ier
L€ ¢ phln _ ng, gledbp oclSydmdbai o Bg/Hts i al at @ b C
vdt i u Bie@momdlinycngecr .dUng | i°n kJjt ch b[n
c.n phu,c vio h"m | € ng Siguw  tAIl It ha&m/ il
polysialatec h b [n n~y | 4j cho vdt | i u geopoly
t Yo n°n t2mh °nmgg cd,and or4bit vdt | i u n”vy.

Q

Geopolymer c¢c- c8c t2nh chblt nh€ c€ ncg
rblt La dUng, gi 8§ ttrh€nmgh cr, Ta. | Todyi rnvhdit® n il Ho
| € ng kMHgmsdds.d_ ng ki Qm hgUhcabikheQw. & ng L
c"ng cao, nheng ki Qn Qné& cy@ ic/jt trhaW c[ nnhg hn€
tr€ ng s d,ng clng nh€e s_c¢c kh, e c,a ng¢
c&§c bi'n phS8p gi Ffmnki D@ t t d€lkc & idpdn &npg, n ¢
hch€eng §8p ng'y c“ng L€ ¢ nghi°n ¢c_.u ph’

TheoN.A.MSani54v "~ E. [Bf tdathicki Qm nhi Qu c¢- t
ki Qm L€a v odaemhmQa, LhokhoUl "t2nh ckiaQmgu
khtng pHKPphRUE -ngoohln . ng nhesici ANy fih Na h
trong cblu tr%c BP. hVin t€thggNaOp Gao hhn
NaOH d€ tr ¢hagiBgd¥n hlhfn phiphbBle mhgdngo tr
mXW.€ ng kd Qmditc@ufagh he€ ng tx2bhuh @R)mbltcnsge n h
hdn c¢chJ] ng d_ng c¢c_,a c¢c8c s[n phXm.
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15 14,18 14.08

Sl 112 1185 1284
907
%m 10 - g7
1
£ o |
6 8 10 12 14 16 18
Néng dd NaOH ban dau (M)
H3niB 1L€ ng NaOH d€ t<€hng _ng[B4. i n” ngq
Nghi°n ¢ u c[36gv E. nduyKanii u ch2nh |~

NaOH tinh khngdglhi 9% u ronag m3nh t8c gil
NaO/Al,O’k h§c 09h:dau 08 vMXUWed® ng k&Ec nhi t |
nhautronf0g i~ ,qul &t ng L, «a®« t7h blyg  mNaO/AsDs |

| © 1c@E8Bng:- L, nM@miP.apQuabld yi hisly sv d, ng g
hoHc qug§ 2hoUte m-gahkln'@mcQu | i cho vi ¢ p
L. c¢cfn khl[o s&toUupthibah” ph” i Qu h™ yt vt a ¢
hhn, a gi %p hmdtt<echfh ghPm d€ sau phl[n _ ng.

60

55 + 57.5
~. 50 50
5 50
= 45 |
S 40 | 40
z :/\- 37.5
= 354
@ —e—45°C
-
-% 30 4 —tl §5°C
& 25 - 23.75 —a&—85°C
5 00 20 21.25

15 |

10 : :

IP1 P2 IP3

H3nl 1C€ ng L. n®n GP 7 ng " y36]t rong ng
Nh. ng ntm gfn LOYy L« c- nhhingn ntg®irfg

Aphbln tr dngo btwn°gn pbhhmHyt prhXwp d€ ng h, 1
c.u E.,L aNajafi Kani kv Wmchsmdht st € @k pth bin, a
cacbonat khi LW mXu vdt trong m'i tr€ n
trong sGeopolynerXm/] tpba ztol an[36tc | nnghil°«n n - i vV (



n"y. T&c dgihgldhai phehangt ph€pnd Wik@m t

v:o ph'i | i u c8cnhphthS§gmexk&kha@&higney,i " ©§
aluminate kEBE&c)i W kHnhghai mHt S&pnaldjAltg oW
néng cao m ¢ ph[fn _ ng c¢c,a pozzolan 1t nt

nguy°a-1h"m | € ng nh'm oxit cao s@héelnh¥%p
trdnmeong khing kh2 t°t hhn. n  ng trhang k Jt
| 4i clng rblt kh[ quan, v3 khi LW mXu tro
L&8ng kW so v, i mXu khlng b°. sung ph, gi ¢

ni Qu ki n d€.ng h, th,y nhi t (d€ ng
nhi t L, shu&kk nthau ngdptrong nghs8ahifd.c. u |
L~ m t c¢c8ch hi u qul LW ph8t tri Wn cblu
d€. nag@ "l trong 5 ng"y cho t° | phfn trt
so Vv.,i khtngvdethslphnhbhnHioitz B284®wYah v
L " nh kiQm d€, t8c gil[ ¢c,n L€a ra c8c gi
IQ xublt ph€hng phg&p gi[m | € ng kiQm d€ I

I I I i

1 2 3 5
Thoi gian diréng ho (ngay)

Dredng hd am 65%, nhiét d6 80°C

Kiém dwr NaOH (%)
[ £ o 00

H3nHO 1L€ ng ki Qm tdh€ iNagdHant hteroong [phi ° n

Nghi °n E, uNc_ Kani200/)k h¢ osng 8nh HW& mg c.
hch€eng 8§p trlo/hrg sAutphd ta vigedpaymetc € xn'g 1L, cc
puzol an[3%.Trohg°nghi °n ¢c. u n"y t8§c gil[ L«
tr, i c,a s[n pSheXan s aiu @ iQur Hhenvgi W€ nmgg t
th,y Qhinht® vQ s, ph8t triWn c¢c€ ngecd, , s
n hbli B®Ra(H nlil), saud €. n @utoblave3 0 )gic€ ng L., n®n
L« ting |5MPa(H3/nai2l 08, 7



10750 10875 -
Iﬂ &0 110 g/f—‘_m“ 108,75
45 "I:; 105 105
= r'_l 105,00 -] 10500 r
B4 =, oo 10000
=} .
w35 H o™ 4750
B 50 :g 2 :
g 25 b 85 +—125°C
. —— 1500
20 aa
e 1B AT
1 -]
; il 3100
10 T
45 13 5 20 30 40 50
WNhigt 6 dutng ho ("C) Thiri gian duwtng hd (zio)

H3 nHl 1S, ph8t tri H¥®nH2 1S, ph8t tri
khi d€e ng h[35] th khi d ©_ n cautdtlave[35]

Khi phon t2cth tlh" nMepthrfanrOgv G n phXm g
trong nghij3%,k/J¢ @qumtyghb ts/MEKc Sda Om*Xu Kkhi
h, th,y nk ntguhocKdiievngf*¥u ngulf&nchiuXm b’
LFu hhn, LHc biH t kUJt npXug na uttRbgegl gaegteh t n h
phfPn v™ Si t. nguy°n |i u hfu nh€e tham
tT @€ nghng 8&p aut ocmXuv edge Bo %ig othrg®@ mi g
nhisanu 28 ni¥gu" y . ¢ M3hxiwbit hi n c8ccVvAy kh8n
L dk. ng HKiQu kil nmcthtemg 18p b Q@n nc@n ct_ha
tr¥%c | oUi b, L€ ¢ c8&c v/t n_ti tk)tvigulnirg
c. u k hvg d. Kdverd70],d ‘€. n gondnautoclave 1 Ps) 8OC trong 24h
v’ t8§c gifd@/inghk@dgn §pngi p phlin . ng xI[Y
hhn. Tuy mrhiu®°m rygtkih*mg ch”™ r» kJ/Jt qu[l Vv
nhig§pt ,sublt hay th i gian d€ ng h,

M t nghi°n ¢c. u kh8c <c_28l14Basd.eng Haguay?
kaolinite [14] clng L« m t | firi \Wna vkih 3cn gd @€ mgh  hE
T8c gil L« kh[o s8&8t ba chJj L, d€e ng h, r
sbly kht mXu nh€e c8§8c8. tHac thid€ bno€hngmb

Ratm khi ch©a sbly kh?! XwXuwC.8®Ba Ide€ =l
mXu ° 80€ c¢c, sau L- s& d€e °@g hat mXwu tco
s€ tiflp t_ €. sNpemEmL s 80« kh33ng L nh t_



autoclavec - c 8c t2nh vhHt Ibh mX@hngtpphhBp d€ n
ba. KJt qul cho thbly cs® nvg il k hnt@ng cc ha€nGy

Khing ch” trong vtdtl il iu uk 2GPh, ha[@ ttnrdoi nQ
h trong autoclave cing | " m t | ah®h’ n
trong nghAMNNgmivi) o lslih€h@ 8p chblt kJt d2n
v, i b anhpgllvadh tr, d€ ngohmt autp€l ageqean
th¥%ec LXy phln _ngDEpalRAnnmhtpkRh[budBt n
d€ i LiQu ki n 8p sublt v' @hi ki Qm kabt

c8tQu cho kJ/JJt qul t°t hhn. Ch2nh x8c hhn
hoUt t2nh kiQm t. qu§ cheng hblp | ghk/]t q
tobermorite (A n1hl3v' H3 nilhd) . T3 Mdckenly t9 Lh I cao nibltsau
L.qua&¢h gi annige€enly Ul mhegldcaohn “cry baful
vicaohn “cr 28ng yx anXUunhi £t ph nng Clng trong nghi
Fnh h€ ng c.a th i Qingm@d€cng MXuclhaoat vt
d€© ng h. nholoH) L) t tago (BhBIt |- ° 1h,
L. gilm nh€eng v%n cao hhn c¢c€ ng L., ban
L« @ihdp phln _ng tri t LW hhn, tYo gel t
mXWKJt qul trong nghh'°in gi annd®_ ©d nhia"
d€e. . nig mh" nhDCthdPG)caew "( XKhtnaghdkQuil nche€ hng
nhi thhi t L°. thblp nh€ 30

30 30 ,
OBt o
g g
20 = ey
;g. 15 - ;8
gm T £
Q
5k 5 ~&=QP0  —W—=QPFS —o—0QPI0 —4~QPTS
. | | | | —Q—AQPN — -.QPIS ‘QP)O : |
aro QFs  QFlo QP15 QFI0 QP2s QP30 ’ 0 2 4 [ 8 10
T+ 1¢ phii ligu khic nhan Théi gian chung dp (gid)
H3nh3. 1C¥ ng L, c,. H3 nh4 1 C¥ ng L,
ng“y ° nhi[12 L, d€.ng h, bJMY ¢
V.i ph” i 1i"u I" tro bay, c8t nghiu°noh

c u Inh h€e ng c, £€DtASvi® @i aig &€ Mg Kt |



c_ u c_,a kiBinht kgt h” i gian d€© ng h, ths3
nh€eagn ph, thu,c¢c v o dunbghi th ®GodWtnhya
hi " n v'o ntm ROHKSh€Wngs8c, & nh™ i gian v~
thing sTc.cah hXu nh<€ Lc€ bn@B4/jtnn@&@[ng L. n®n
nhblt IMPa, 120 bQNMPa khiLUs 18, ng dnumig td’ Lc |
d€. ngll®Ctrong24hV. i kJJt qul n~ " kht §¢ taigl nk myn
d ch ki Qm hb8lg hhia thaly ,Lt hdpQo€un@m L Quna@
khing theonfint véfnychewdt c- s, k/Jt | udn r>

Qua c8c nghi°ntkblyng rEW 0c©ntg2mida oc hcbt

geopolymerc § ¢ krhto'at h® e t hJ gi . i L« | :sablyx,h tnh_b
nhi t v° ch€eng C&€ngr ®mgc daotyp @ e h Yacg h |
silic trong mti tr€ ng kiQm cing nh€e th

cao c8c t2nh chblt ¢, a geopolymer th?3 cht
C8§c nghi°n c¢c_ut’'tmd geopolgmArd @i n gc hhE® g

autoclave c h | y Jju tdp trung Vo c8c nguy°®°n
metakaoline8 m"c h€a «c - nghi°n ¢_ u n”"oV,viQ nh%¥%n tL,
c.a LQ t"i nghi®°n c¢c.u s’ d, ng b¥%»n L, TO
nungh ‘geopolymerM, ¢ Edoh d_, ng tri t IhW tc8cn gt ngn
| i Lde bi "t | " ThHhheg mige rkicQnu dn€.y L« th, ¢ hi

s8§t v°© L€a ra sin@ tth®m KkihOmgv bo LW k2ch
th°m n€, ¢ nthio tr_ n tYo hs3

B%n [LiQu ki n the€ e chxilt fdhhHm $iad k
khinpoBt t2nh, khtng \M3hauwndyird® nog @hdot r
thiJjt b° ch€eng 8§p aut ocW akvec h hrohtdit’ te §lc t)
trong b%n L, LW tham gi@8w  ahd) hifgnh i€ mghig e
L , 8p sublt, th i gian d€© ng h, cfn phrli
h® p LWSsLl[Enp phgm d¢2nh chblt ¢c€ ng L. n®n,
pHc., a geopol yme

-47-



143.Gid thuyAt khoa hzxzc

Khi | a ch  n nguy®°n |Ii u LW chJ tYo v
nguy°n |i u c- owh_-@AthR”" HihQouhkn 8&i @ |-
dUme Yt t 2 nh tfohgdangdt acrh .Lk€TQm)ng qug tr3nh
t h” nh 2psiHidSiC:lo’x r bit quan tr ng, n- quy/t L
k/Jt c¢c,a vdt |24 mhigmolpodymea§ blpixegn | Bi JJn t
t tYo mUch pedAmer€e cc mdgh(Alc:- thW th
t Si trong -@8kh pol ymer (Si

T. L-thw EHt r a gigle otplod y/imerk o a bHinc L,
h3nh th”"nh Kkhi b” sung | € ng oxit silic
gak ho8ng hoHc 8p d, ng chJ L, d€e. ng h, L H

Bln L, c- th”"nh phfr cwhdi wdw n" @l utmh
cung cblp Si v’ ADAthormHig colblut r ke gBio p
c8c nghityre, ¢ « hdbir omly b&%nOL, |, khtmig ¢Q il
t2nhliQu ki n th®nggduhgng bthaki@miado L -
phln . ng geoWothmetUd -B€ @ geopol ymer t_
Sih, attame°n( nthgothiay, siholba ¢ umaedéd gn gc hh]
I Hic chhi€entg k8 g hl W0 Hiongi ®aam Lho Uttt Wdamhgi a v~
ng geopal ymer h-. a

Trong LHQuVkitnNamghi°m € wi th/ t Yo
t. b¥%n L, c¢c- m&8EC1OM Ls nBOpHBMOM Kung kho:
ch2zmnxh8§cl "L " nh m ¢ L, hoUt t2nh c¢c,a nguy?®°n
c.a ch¥%ng tronTlg diEmd! a8 hk n Qm®c ht m: h &
Sioch, atramg nghuymi nl € ingu KiWQm [enf mp htXiic/Ptd2 n B
chblt ¢, a geopolymer L« LHt ra.

V. M, ¢ ti°u tdn d_ng tri t LW Il€ ng ki
v’ oox | T phJ/ hit m[ig,inEinQ ptit&ip | 1€° a0 ch , caxbitan s i |
c§ch b" sung t. ngu n b°n ngo”"i |7 tro
L'i Qm kih€ ng trong ph,ng th2 nghi m.



VCh ¢cfn th°m n€ ¢ v° tdn d, ngg€cig t

h, Autoclave cling L€ ¢c | a ch  n trong n
silic trong b%n L, m" ° LiQu ki n th¥€ ng
chblt ch I'T ¢, a geopolsyymerp htxtm ¢gil[°myrghk i @n

L&8p . ng c8c y°u cfu vQ glch x©y khlng nt
144 MAc ti°u v’™ nhi Mm vA nghi®°n cou

M, c ti°u nghi®°n ¢c_u c,a ludn 8&8n | " <c¢h
t. b%n L, T©n Rai L©®©m n"ng trong LiQu ki
t hwd)dt «c®yh khtng nung Lem | 49i hi u qul ki

Ctn c._ v' o m,c ti°u nghi®°n c¢c. u, d a t
L« ph©n t2ch v~° thi/fJt I dp ° tr°n, 1ludn
geopol ymebab. gb¥nckc vbn LQ sau:

-Nghi °n c_hi nx §c€ Bncgnanoxit nhitlm ¢ rwhngoxi
i u chJ tYo;

-Nghic® nu fnh & unyg” nc_la u Lfu v™o LIJi
geopolymer. ni Qu hc,ha mtRenr) €c 8gh obk'i t semnd i t.
kh8c b¢n ngo’i

-Nghi°n c¢c. u s, [nh d€ nghkeng &pc Li]h? r
chblt ¢, a geopol ymer. hpa@tRaagh prhhehin® mpd S
ong Authclavgt b’

-Nghi °n c2wmhmcthbld ct «kOwhhnghKXmngUgbop
- ng d,ng th ¢ tJ] trong kh i x©y v~ t:

—+
-

gUch Lblt s®t nung hay gUch xi mkng c¢c t |



CHhYWNGN@GUYaWx T LI U Vé PERP4YNGHPaN C U

21.Nguy°n sdtd] ngu

-B¥%n: Laohd m8y al u@i mg TtOn RMHH MTV nh®'m L
-Trobay:s  d_ ngc . traho " b ylii30MWal umi n -TC®m gRaiy
TNHH MTV nhtm LOm n” ng

-Silicafume: s d_, ng | "m mX%u L i cvatreg,i ados cctun
-NaOH: dung d ch ki Qm hoUt h-a NaNHOH. € ¢
khan c¢- dlng v[Ily, ndo8 t%, nkgh nijl3lgadi Kigh rkih i
pha v, i ne c, dung d ch kiQm t, a ahv" ™o r

ao

n ng L dung d ch NaOH s d,ng. Trd®Qmg c
c n“ng L, |IBMNge€NaOH s 2M_, édg tdorom'g m&yh i
h-a chblt Bi°n #uag. ¢blph n” ng Nali

2.1.1. nilcth2nhhpht hEL v~

Sau khi s”"ngv’  b#%inl IL€ac t kiom&rm atyr a L, Xm

t2ch, kh i 1€ ng ri°ng, mblt khi nung, p
Bfnal B[nxk2sau LOy | " nh_ ng LHc t2nh c_, a r
Bfng 2.1. Txph cHBBt ngdty°InT | i u s’
. Nguy°n | i u
TT T2nh chblinhn -
’ B¥n L Trobay | Silicafume
1in, Xm t nhi % 3650 0,45 0,30
2 /Kh i | € ng t| kg/in? 685 905 360
3|Kh i | € ng r| gln? 3,47 2,20 2,15
4 |K2ch th+e€e, c¢c h em 9,5 48,2 15

BIn22 Th" nh phfn h-a h ¢ (% theo kh'i

Nguy° n| SiO | Al203 | FeOs | N&O | K2O | CaO| TiO2 | K h § MKN
B¥n L, 7,40 | 13,65| 56,05| 3,63 | 0,25 | 3,10| 0,15 | 3,27 | 12,5
Tro bay 47,74| 35,36| 7,02 | 0,69 | 0,41 | 4,20| 0,43 | 0,30 | 3,85
Silica fume 94,50, - - - - - - 2,76 | 2,74




Th2 nghi mecmbt tkhi bragrig mungnAC506OL
LJJn kh i 1€ ng khingTL $ tgiohm Kkhoil nlg€e’ll
mblt khi nung theo ti°u chuXn TCVN 8262: :

Th2 nghi m mbBl#ankHj shlchgacf ame n0OCC nhi
N 5@dhgl gi~  , t. s. gilm kh i Ih€ondhiuwXmh
TCVN 141:2008.

KAJt qul th"nh phfn h-a c¢c,a nguy°n vdt |

-B¥%n L, :a ¢ 4phefim cyvh_ i ymut h InFeD:Eiromg
b¥n L, c, n ¢ BiCaALO:N"-nhlh"pmEFapbhPphin cho ph

geopol yb® rngh tkaihQno ng qlugn vdQ INa 3r, 6B8g %L - | €
ki Qm ° ding t do hoECVNGE882:2Q1¥K ch iNatOi) | W g hi
0,664%.

-Tro bay: th”"nh 2phf@ll 'c ht h"ynju ghf rSiOh |
ng geopol ymer h- a.

Theo ti°u chuXn vQ tro bay TCVN 1030:
cho b° tlng, Vv, a xO0Oy wXtSi@&i+ Ai+tFgdc, @ hg
bay b=ng 90,1120 Wbay 7d%Bg vir ong nghi °n c.

-Silica yYmuel:” chr§ciokim BiIEONngmMotd, 150 g
nh276% ¢8c tUYp chblt kh8&8c, h"m | € ng mblt Kk
2.1.2. Th" nhXRbht n kho8ng (

Phon t2ch smnhi, i€x¥d thacXhi on V& Yin RIS
i u X@EW3dhng. 1) .

Tro bay:Mullite: Ale¢Si-O13: 20 %; Quartz: Si@2 %;trongl - pha v L
c hi J]m78t%.B A n Qbethite: FeEOOH: 21 %; Hematite: B8: 14 %; Gibbsite:
Al(OH)a: 5 %; trong L- pha vSilli md fhdomd:achh
c8c pha vt L nh h®nh 992%, c¢,n | 4i 1% |°

Tblt ¢ c¢c8c nguy°n |i u tr°n qua kIJt ¢
c- nhiQu pha vt L  nh h3mh clh®&nc pthh W XIRID
phfn LIm blo grRropodymphl x[ynga.
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C - Cristobalite $i02
M - Mullite: AlgSi2013

Go - Goethite: FeQOH

Q - Quartz: Si02
Silica fume

H - Hematite: Fe: 03

Gi - Gibbsite: AI(OH)3

M
Q M

|

Tro bay
< M M
M MM

M

Biin do - .

3 10 20 30 40 30

2-Theta - Scale

H3nH 2Ph° XRD c_l¥mgluy°ntdo lay v~ si
213nl1Tc Li®m vZ k2ch th_ac v"™ h3nh dvY ng h
K2ch the€e ¢ v~ ° L,v phoToRaayhbetm enan dgr§ n h
gi 8 bung ph€ehngPhp®gpti1&n B Liasehthn ch Gt
ph, ngghlk2Y n Vdt I|.i u XO©y d. ng
KA qul L€ cHtnB®V HintB 2tVr inc&c thing s n
-K2ch th€e ¢ hU4t trung brA;nh t(rme &mady Ic’
-K2ch the, ¢ gi_ a ( mendi atnr)o leamya |b"%n2 3, 4
-K2ch t hm® dce )t:r  ci, al em¥%n tCLyrolema®, R~ 12, 3
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H3nkR 2n, phon bhYtk2cc ha tbh¥a cl,

5.000 / 100.0
E Tk 7
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E - i 1l —_
E T 1 =2
;@ = B 7‘__/ Q:
[ 3 A B
— | | 11 ]
o |3 (| N~
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U‘ : LRI | T I T 1 TT T LI T i T T TTTT .0
0.500 10.00 100.0 1000

Diameter (pm)

H3n®B 2n, pho®©n b° k2ch th€e ¢ h4t c
nHc LiWm h3nh dUng kR%th he€Wwn ouanis it
Phon t2ch k2nMmthd Wn twi clib’im nthb Bdgqu Wi n

| Ok oa hC'aoigv ngh’ HZinht 2Natm, v H3nh 2. 4b.



tro

L.

LY

500 (

10 (



H3nh d4ng c¢c8c h4t «c¢_. a b¥nk2lch ct-h€3cnhk
vii em. C,n c8c hUt tro bay c¢c- bQ mHt tr
vii em LJn v'i c¢ch_,c e€m; ngo”"i ra trong t
than ¢, n |'4Yi ch€a ch8y hJt.

2 2. Ph€ehng ph8p nghi°n c_u

Chw b nguy°n vdt 1i u, th2 nghi m c§&
| a ch n cblp @E ngtXkio the nmgm%u,m v~ th?2
c.a sIn phXm geopolymer. Hi n nay vdt |
L- tromgcngBmw™ Y Hc t2nh c,a s[n paXaax geop
c8§c ti°u chuXn vdt |i u x©y d ng, ¢, th\
v’ v_a, glch Kbk ng®btumimgs, c gticlhi u

2.2.1. PHh._h2zngngphbiBMm nt i ° u

-C€ ng IX8cn®&n nh L, bQn n®n c_T&YNs[ n
6016: 2011 fAphehng bPME MXx8 vov KEVMLBIGT 7 : :
igch b° tlngo, t rson gdg ongghvl@°nnh ch @hnkgh tch gan h
didng K the&ockm&h t h

-Kh i tie®»gec L nh kh' i € ng ri°ng c.
TCVN 4030:200@8h@mmg ph&p Ax8c L nh kh i |

-Kh" i t BWxg3aX8hc L nh kh i | € ng thw t?2
| i " u t hedlCMNi78786:2806fix¥ie L nh kh i dc€’'tng it h
cho b° tédng v™ v_ a

-H  s° hX&c mQmnh h s h-a mQmTE€YNa s
75721 0: 2006 AxBg WL nh” che s -d-ta ImQmu c¢c lmo

v® v_ ao

-n, Xm: Xm c.a nguy°n | i u L <0:2006x §c
iph€hng ph8p -88t Lina €hoXm° tilng v~ v_ &
-Th" " nh pwFnMKNbaen val, si |l i caflu'meh Lteheo x

chuXn TCVNixli4 1m0 gplo@tend tmig&p ph©n t2ch
-Th " nh pRkfn MiEdNBaYylL € ¢ x8c L nh theo t
8262:20091t r o-ph&yprhdp ph©n t2ch h-a h co



-X8c L nh L, pH: x8c 2L finbh® tthtenog TVEV N _ &
ph€hng ph$Hb %8¢ rpEION hl o

-H"m | € ngt ki me€l € ng ki Qm d€ L€ c
6882: 2001 fiph, gia kho8&8ng chov c&kti kit ndy’op
Vv.i n€e ¢, geopolymenho&hi Ot nha gD%¥%nd enikyy
ph©n t2chngjunang aphiW x8c L nh | € ng kiQnm
| € ng ki Qm chi/Jt ra tron@ tn8hng LI€ken gt 2(n
Na2Ow) t heo e6NaQd=%MNad+0,658 * % KO.

-C€ ng L, bs&m d2nh: c,a v_a v.,i nQn g\

C€ ng L, bs8m d2nh c¢c,a v_a tr°n nQn g
TCVN312:12: 2013 A V-pah &Hoyg dpoXresgp Lt mh ¢€ ng L
c.a v.a L« L - Tmongdi -tr tmmMm@Q@Qcn. s~ d, ng t
gUch x©y khtmgrnengkgebpohy, ¢ D”"i x R, n
Trong L- L, Xm c_.a glch | g Lph,Xng LtW2 ntgr

Sh LY th2 nghi m c€ ng L, b&§m denh c,
25v H nt6. 2

H3nk 2Sh L th2 nghi m c¢c€ ng L, |
1. T m d8n truyy®w 3l.xcM, u2.gulcohp tvhira ngh

H3 nl6.H2 nh [ nh nghi’ ng L, bsgm



-Th2 nghi m®w € nkgh Lii x Oy

C€ ng L, n®n c¢c,a kh i x©y L€ ¢ x8c L
fiStandard Test Method for Compressive Strength of Masonry Rrisms
M i kh i x©y bao g ' m c#Htnii 2w ixoy cl’

cao tr°n chiQu r, ng n3um trong kholng gi &
Lfu ti°n v"™ x©y c¢c8c vie°n tiJ]lp theo tron:¢
m ng t Yi c8ch Xm v™ LHKHt trong ph,ng th?
ti/Jn h"nh th8o b, t% c¢c8ch Xm v"™ chuXn b
bao g°m 3 kh' i xO0y.

‘nl
ao

H3nf. 2Sh L th2 nghi ' m ¢c€ ng L, n

Th2 ng®inhgp L, n®n c¢c,a kh i x©y L€ ¢ ¢
Lfu, tiJn h”"nh ttng t[i t, i m t n a gi 8§
t" " ¢c L, titng tli. Giai LoUYn th_  hai til/]p
trong2 vpm¥yt LJn 4 ph¥%t. NJu kh' i x©y v X
L'JJn khi x8c L nh L€ ¢ dUng ph§& holdyi

Gi§ tr° c¢c€ ng L., n®n c_,a kh i xoy L€
ch u | ¢ v’ nh®n v, i h  su chaywWwn°H thpkt
kh"i x0Oy.

Cg8c dUng ph8&8 hoUYi th€0616i ¥ dh¥pnAST
28.
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1) Hinh nén

2) Hinh con &
cat

3) Hinhcon &

che

/

\

/

\

Mit B

s (sau) A B A B A B
Dkeocang  Jmantimhnon O Dangcit  /)Tach bé mat
L] B% |
A B Aya- A B /E B
H3nl8 2C8c dUldng ph8 hoUi kh8c nhau
2.22. Ph_ _ ngh2ph&phi Mm phi ti °u chux n:
-Ph€hng ph8p ph©n t2ch cblu tr Y%c:
Threghiu8mth taX@&REmodel ARL P ETREFn@BIAP X
nhi u xXRDXtmodel DR Abvance Bruker Germany ©~ m8y quadhumg ph
nguy°n t  ATASMoUSAE h3E0®i n tYi VK2 mhinwdt |
Vi L'i * G(SEM) modgle®t QUANTAh @rb 0t ¢ h pph’ phon
tia X (SEM-EDS)modelBRUKER XFlash618l t h ¢ hiH' ' m 1 @m ¥Yihom
vCng ngh’ Vi t Nam.
-Ph€hng ph&8p x8h, k6 EchmmnBii@lLiE€cngr3nh b
Ph, |, c A.
223.Quyt r 3 nh nec huA tth20 nghi Mm
Nguy°n |li u b%n L, L€ c sbinwghkhQnlLAgn &k
s"ng c¢c- k2ch th€e, ¢ 0,09 mm. T€hngkh  itr:«
| € kgt ng L i v° s"ng qua s"ng k2ch the c
C8c nguy°n |i u sau khi x8c L  nh c8c
L nh | € ngctlipephc §c Lte” cl thiJt kJ sdgn v~
d ch ki Qm NaOHill¢ t mhtr€nndQu trong m§:
L Le®m Im¥u t Yo h3nh.
Theo m t s° th?2 ngmill Ut kth?[noh sL&tn gs hn hbt
re ¢ th i gian s d, ng hkhmxém etod g hn@&hon.g 1p.

bg8n, kI®pv tionh c
h3nh LGP cb § rm §lohstahuu k¥ inmPgydc h m,

mX¥u Yo

®pg 7 2nSK \vI 106t v | |

Cc

In"¢v ®p 3

S



b&§n kht LUt L€ ¢ m t ph€2 nhy p., L W asnngdgF un on
bundi Jt b. Autocl ave

C8c t hchumge he] t Yod @nXugn i’ c¢hho c¢[ hai tr «€
cheng 8p v° kh€engr cBRaB 8¢y 2.

Bfng 2.3.sC8chumdgniggvecmdghXtulo hv "

C8c thlng s’ £p bsgn Ti °u &h uk,

T | L, ng/ RJd 0,20 -

Thi JJt b’ tr_ n M8y tr,n TCVN 6016:2011
K2ch the€e ¢ mXu

(D" i x R ng x 90x80x40 mm TCVN 6477:2016
S° 1. p L¥c m*u 1 1. p TCVN 6477:2016
L. c ®p m*¥u t Yo 72 KN -

Nhi "t L, ph,ng 27 6 2 TCVN 6016:2011

a).Ch A geopabymee Li Zu kv Mnk hih_ gmy

fini Qu ki n th<€ ng |~ LiQu ki mhi’  ttrlong
N°@2 &p sublt kh2 quyWn, L, Xm t<€hng L i

C8§c an®ung h t khlio2rblyjnt- s d_ng nyl on
MXUW[ m mXw khhii sbly khlng b mblt n<e€e c.

ChJ] t9o geopol ymer ° ng Que€kng noxiht€ snig
ngu n ph, gia b°n ngo”"i tro bay hoHc sil

Cblp ph"i s d,ng b%n L, 8c-tb I 'suhfnttk
26%;40%. NE ngNaOH kh[o s§8t trong nglM.°n c._

C8c chblp ph” i s d,.ng b¥%nh/L,~ cc-8§cbh’t suln
| " 2 % D:%:;106 %; N8§ ng L.r oMagyOHhghh P <§tu
3M.

MX sau khit Y0 h3nh, t o bBH Wk ng Hi Qu ki
th€lWg th i LiWm 28 ngh¥: x&b £ hkE ogctha
n®n (- trYYng th8i kh?! v° tr4ng ths8i b«o
do NaO.



n" i c&¢cimXu th2 nghi m h s’ hrom48mQm L
th® (tLi wWgnlylmghy 26 28), L/Jn th™ i Li Wn
mQm.
b).Ch A geopatymed nnghhing 8p:
NOong cao h” " m | € m3n e xg ht €ds@ gnigchp ac htanr
nhi t L, cao §p sublt cao trong thil/Jt b’
-Cblp ph"i c¢ch” s d,ng b%n L, L, c |dp
S d,ng 100 % b%Adh,dtmenlg€pmg iki Q@mud ¢
L.ch®™ th° mm¥ue vc tl%om Li d€ ng MO, MXah€ng b§

ao o

sung th°m kiQm NaOH v i n ng L, Il fn | € t
v RMM3Qu ki n d€ ng h, che€engCg§p§phe€suablt 1
trong th™ i gian 16 gi’

-Cblp ph d, ng b sung th°m tro bay

L€ ng tro BWwyhaly t&dngKh llb, sI8t 26 tr €
th°m n€ ¢, khtng b" sung kiQm, kT hi°u
n“ng L, NaOH 1M kT hi u (FA1l).

MXu L€ ¢ tUo héankh®pt h§da€khéahRsthddo®p
c8c c&p dublt d€© . ng h, kh[o s8&8t O0,4; 0, 8;
§p 1°C,110€,488C,20PC.Trong th i gian 4h, 8h, 1:

MXu sau khi Ic@iieng /JSpbe xnahigQut k€ ng tro
ph,ng th2 nghi mnhi/Jog@8t hyh ych Bk k& ca L £e o
thw t2ch, ¢c€ ng L, n®n (° trUng thg8i kht
pH v~ ki@m d€ Na

n“i v.,i c8c hmXus 't hhz- angthQm M€ ¢ ng©m b

th i LiWm (t. ng"y th 26 LJn ng’'y th
mQm.

Th® i gian ch€eng Slpudr €ntlr3 nthh'bi ygit a o

ch€a t2nh L/Jngp8v ¢B&i EhédHg sELtnghi de€ nc
tr3nh B[ yg tHo4Bg B3 n.h0. 2
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2.4. C8c tht'ng s khi d€e ng

LoYn Gi ai L oUn
T ¢ L. h U
h 0,013 MPa

Bl ng
Gi ai LoUn t Gi ai

T ¢ L. t £Ln H
0,013 MPal/ ther:)g C§§F::’ o
(T€hng khol%eA ' ot ( ng . ng
phv%t, Ln nh 2CI ph¥vit vQ
’ tr€ ng)
>
@ 1,6 | |
(]
© 14 l; \\
_ 1,2 ; . \
N 1 Il \ \
> :' \‘\ ----- Tktng
" 0,8 ’,: \\ \ \‘ H2n g
0,6 'l \\ \ o hu s
o H \‘\
@) 0.4 \ \\ \
0.2 \ \ \ \

)

1

]

)

1 AR

0123456 7 8 9101112131415
Th® i gian Y€ ng h, (¢

H3n® 2SH<€el™ g h, khl[o s&8t §p sublt

(@)
1,4
c
q_)l 1,2 I T T T 1
S i \ \ \ \
1 — \ \ 1 \
! \ \ \ \
:: 08 ! \ \ \ \
- | \ \ ) R Ting
> e | \ \ \ \ H 3
w \ \ \ \ ng
! \ \ \ \ - —-HU §
o 04 ! \ v |
Y®) ! \ \ \ \
02 ! \ \ \ \
! ' \ \ '
0! | 1 | |
012345678 91011121314151617181920
Th™ i gian d€ ng h, (¢
khlFo s8t th i gian cl

H3 nHO 2 SKH€L"hg
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CHhuNG 3. NGHIaN C U CHe TyO GYCH XAY Kt
GEOPOLYMER T, BEN n. TAN RAI

H m | € ng oxit silicc Iaa tan trbkdngumh
ch/]] t Yo gteopiarWwme®ng cao c8c t2nh chblt c.
cao h" m | € ng oxit silic h,a tan trong ¢

nNW ch_ng minh cho gi [nghhiuvyn]tc kuh olac ht ic)
s8t [nh h€ ng c_,anhéae nhi wJuw. .t tch€ingih
ntng h,a tav cBRhrorgtdsen® d ch ki Qm NaO
nhaul8MMO L8nh gi 8 Kkh[ n&tnrgonhg, ac 8ca nmici, at r.
h, kh8cl nthawh L8¥¢ h g htoUynérg € o p o

Neng cao hatm 4 € airg tSidOng ph' i i u b 3un
gia b°mh+wegtora bay hoHc silica fume. M. ¢
tro bay v° silica fhinme€ Ing rbbito sknhaSgfumai h asu ,
clng s€ kh8c nhau trong ph i 1i u chp tt

Neng cao h72m, a€tag BRO®g ph€ehng phsgp d
thiJt b° Autoclave, h, aln@Qu ki Ln kbhio, n€pc
th i gi@BclliQuiiki g d© n9€hg, Sphedn L€
thw LW c¢c- thW chJ] tYo glch x©y khlng nul
k : t hudt L« LHt ra.
31.4nh h€e ng c_,a nt h,6 a SiOgwiju0%t r oln/gpn nguy ° n

Giai LoY9Yn Lfu t'ing hrpngdigul8i twu3gméopo
L " nh LJn qu§ tr3nh geopolymer h-a v~ <c8c
h, a tan &l O

Trong nghi°n c¢c. u L« ti/fn h"nth tL8Nm tgn
b¥%n L, Vv~ ct§rco LbaQu ki n 8&p sublt v nhi t
g m d€ HgQh8ki samblt th€ ng,Blkgt g 19 h@ng t
ki n chen®.8p (Bl[ng 3.

n"i v.,i tro bay tr€ungkmitth® nghki @
| € ng ki Qm tron@d b %, BN £4u yc v G Nal §nh g
th2 nghi m trong mti tr<€ ng kiQm t<€hng I
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311 ¢ nh chvanngQng Li ki Zm v" nhi Mt Li
Bfng 3. 1.v T Xxh, aSti®d€ kigiSp, sublt t h€ ng

CH]L, nhi t N°n g Tlox2t khia’ hg@oh
.| .~ |ddNaOH Bln L Tro bay Silica fume
T, U Ut)| b sung : : :
SIO; | A0z | SIO2 | Al20s SiO
80 24 1M 0,00 4,13 2,33 4,56 90,06
80 24 3M 0,00 4,74 4,58 4,66 90,07
80 24 5M 0,00 4,76 8,66 4,70 90,32
80 24 ™ 0,00 4,76 10,65 | 4,76 90,32
80 24 oM 0,00 4,76 13,68 4,76 90,32

80 24 11M 0,00 4,76 | 1498 | 4,76 90,32
80 24 13M 0,00 4,76 | 15,15 | 4,76 90,32
80 24 15M 0,00 4,76 | 1521 | 4,76 90,32

50 10 - 0,00 1,20 1,06 1,47 -
100 10 - 0,00 2,20 1,41 2,41 -
150 10 - 0,00 2,26 1,75 2,48 -
200 10 - 0,00 2,29 2,20 2,56 -
50 10 1M 0,00 1,74 2,23 2,11 -
100 10 1M 0,00 2,95 3,65 3,14 -
150 10 1M 0,00 3,02 4,10 3,88 -
200 10 1M 0,00 3,22 4,37 4,25 -

KJt qul thu L2@2ronghdod¥%nhlBly, khit@g h, 6 a

th€ ng khi dung d ch NaOH b" sung c- n
clng khtng Lkl ct kdaghnhioUtU&, L pm[[2000BQ@. t]

ao

L., t2hla tSdm c_, a t80UcC Haygsandnh4d th ‘2, 33«
khi ttng n"ng L, dung d'nhhi Na@H tph[hM_In
2000C | "m ttihgattah cSaOtro bay nh€eng v, i
phfmg | ° 10 h, t% I°nnwynK8@Angdgia BhB3t
NaOH, v%¥n c- m t ircomg ®©hibltd dyaath SO0 | €
ban Ll«kfFuUL € ccbhb  tsamg vdt 1i u.

KJt qul chio onigblyp %&i G, tkwun ki nHct hde: n
thayt L'li" n"ng L 1M&Mg Td ,@h,6 Baj@en nh€ kht?
thay L°i v° khtng ph, thu,c v" o n"ng L,
4,76 % ° n"ng L, dung d ch NaOH 5M hoHc
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thw kh3ng L'imQu rkng th<€ ng th3 hb%mtan Kk
ch™ ¢ bxattah!m

Silicafumec - t " ohl,’a Sia® gfn nh€ khtng thay
L h,a tan LUt 90, 06% ° caonkgt!Bhid kUi @on, 3 M,
t n ng L, .BIMQW/mM yl5M_ng t, rJvng trong m
phfn siliftume omi{uhsmhviEa@aQua m gi a phln _ ng

Nh€ vdy °§piQiutlonitesilictrogb an L, | 7 kh?tneg
L€ ng c8c oxit silic, voiypit nhmumct vémg nV
d ch ki Qm NaOH, ph, thutk® nhgi a.Dbd€cna® - |
thw coisitlriccabdw,me | ° ph, gia kho8ng LW
trong fMhiJ] ItiYou geopol ymer ° LiQu ki n t
3122 ¢ nh chvlsda g ki Mn 8p sumt cao

Khi titng 28posgblb®%nSiLO bdt LU fh, &€& an he
b¥wn L, d&¢@ungl®emg 8p tiLtng t. 0, 34%cl thng,
§p sublt t_ 0,4 MPa | °n 1,6 MPa. V., i 8p
t. 4h | °n 2hg ah,t atn tlk'ngSitO 1, 46% | °n 2,7
L'i Qu ki n ch€eng Sphchngah mrohgglRn ki nt
d€e ngK/nt, qul th?2 nghi ' m clng chozht hablyt,an
c.a b¥%n L, LUYth va’ tva@® tt rtong 't ro day khi
L NaOH trod@ nigiBungkicmeng 8&p. nli Qu, nclyo
ph®p ph8n Lo8n r Jyng b¥n L, trong Li Qu k
geopol ymer h-a kh!'!ng thua k®m tro bay tr

Cheng 8p cing c¢c- t&c dhng ¢iaa Ttragtlks®
Siooh ;taan ttng L&ng kW khi tktng §p sublt cl

d€. ng h, c%¥ng ° nhi t L, 200WbCav.tidmhthaog
gbm t . 4, 313P%.) °mWLIJWt L€k, & Wnaygnt d€ n@
§p LWokktctwvdt |i u cho ph®p gilm n“ng L.
cho ph®p tifJt ki m chi ph2 vdt i u m"

khi gilm L€ ¢ | € ngui¥mgt &NmOH.n Vhhnt tdo
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LW t hmyt tphHfn b%n L, nh3lmcuagtamblpchd°m
geopolymer h-a nh3i1m cl[i thi n c8c t2nh ¢
BIng@ 3T 2" -&hQa td® kigiLhQu ki n ch€nc

ChJL, c h€ng N'n g dd Tlox2t hkhda =~ hgfs)

P, T, U, NaOHb B¥%n L Tro bay
(MPg) | (UL | (h) sung SiO: | Al0s | Si0: | AlOs
0,4 144 | 10 - 0,34 3,87 1,94 5,22
0,8 170 | 10 - 1,05 5,65 6,75 8,25
1,2 188 | 10 - 2,18 7,22 7,58 13,65
1,6 201 | 10 - 2,25 8,12 8,18 16,58
1,2 188 4 - 1,46 5,74 6,86 8,69
1,2 188 8 - 1,95 6,25 7,08 11,88
1,2 188 | 12 - 2,22 7,48 7,84 15,88
1,2 188 | 16 - 2,71 8,35 8,94 16,87
0,4 144 | 10 1M 1,28 4,25 8,34 6,25
0,8 170 | 10 1M 1,87 6,25 9,69 10,25
1,2 188 | 10 1M 2,38 7,98 11,65 16,35
1,6 201 | 10 1M 2,89 8,45 13,72 20,25
1,2 188 4 1M 1,95 6,42 10,33 10,33
1,2 188 8 1M 2,08 7,02 11,46 13,65
1,2 188 | 12 1M 2,44 8,33 13,00 17,98
1,2 188 | 16 1M 2,98 9,03 18,25 20,33
Kh8c w, i0X3 tQ041htomm gAlb %n L, v tro bay
tblt ¢l c8c LiQu ki n d€e ng h, . _ LOQu ki

2t ph, thu,c v’ o n"ng L, NaOH. Tkng n" ng
t  pOsh Ad tan c, &aby¥%n tlng " t4r,dl 3% | °n 4, 7

4,56% | °n 4,76% L i v,i tro bay. Ty nhi
khtng thay L i khi n"ng L, NaOH ttng t._
15M L i v.,i tro bay. ITitmg tmhgi Lt§ nlg0kdne Ln
Theo L-, khi ttng nhi 't L, d€ ng hQOs t_. ¢
h,a tan ¢, a b%n L, ttng t. 1,20% | °n 2,
3,22% khi n"ng L., NaOH th°m ¥ o N7 il1Mr oc
t . 1,47% | °n 2,56% v~ t. 2,11% | °n 4, 2507

Khid€_nghieng 8p, m0:cla k[abtitanLlLAI v~ t
clfi thiWwWnTL®¥hg akltan tktng khi tktng 8§p su
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Ngo " ir omay, Lti Qu ki n n"y, tkng n " ng08, Na
h,a tan. C8c k/Jt qul nghi°n c¢c. uOskha t &b
c.a tro bay c¢c- thw LYt ZTEBc3X%¥tc qmulc_ ta ub:
ntng h,a ®Sd@Rt¢ho thbly ho"n to"n c¢c- thw
k2ch hoUt c¢c8c th”"nh phfn trong b%¥%n L, nt
324nh h€ ng c¢c.,a m <t s yJu tdeldag W3imMQu
ki " n th<€ ng

T kB[ ngld3. t hW t hBly, SiOftir@mgkibvm 1 h
h,atr@amg dundgongkhig ¥nkic Qmml0:h| € nthéln.nlW nh
ch/] tYo gedp Q@uy®enrgbt hdhivmin €2mgatStiaOn gu”™ n
ph, gia kh8c b°slicafgne)nW(x8&€ ErohbRyh Il €L
s d,ng LJn c¢c€ ng L, £ rmekhita | §pbhhggk e
nghi thi Que knign¥bh  ° LiQu ki n 2hgliMM¥u tr o
tht€ ¢ th2 nghi m L, B®o h®hng $u chblps
geopol ymer €k mitsiich , saun @ mighu, ngi a °knh om§pn&y i
trobayv © si | §€acf t mé nBf n®3VvYyB[thmgb 1Bg



BIngTh!ng

s

ckblp uhn g hdohiibtasng | i co

bay

)

Leng

d &%&h gchel

e, (kg) Thing2ah tos§ C§c tHGeopolmel o " ¢ €

K2 ' uh Dung dch ) Tn C®en o . Ki
Mm@ | B Tro NaOH N'n g, NaQCg) Trobay| o r1 | kitT, | & n o Ceng. | Hh S ng
L | bay|Ling | NTO| NAOH | p 4 gy < oM (kgint) | (kgif) | k| D AT Mpb G h-a PH | Naog

d %n (1\2) tng, (M)| ™ (g5 (%) (MPa) | N & (MPa)| maQn %)
072BTNL | 1601 | 245| 369 | 1 192 | 1,190 | 13 | 1991 | 1860 | 8,88 1,33 0,15 | 10,52| 0,977
143BTNL | 1294 | 462 | 351 | 1 178 | 1,105 | 26 | 1909 | 1770 | 8,90 3,20 0,36 | 10,48| 0,852
215BTNL| 989 | 648| 327 | 1 164 | 1,019 | 40 | 1832 | 1650 | 8,02 3,29 0,41 | 10,42| 0,805
072BTN2 | 1598 | 244 | 368 | 2 290 | 1,795 | 13 | 2028 | 1870 | 11,00 2.86 0,26 | 10,79] 1,120
143BTN2 | 1292 | 461 | 351 | 2 276 | 1711 | 26 | 1943 | 1780 | 13,84 6,23 0,45 | 10,75| 1,050
215BTN2 | 988 | 647 | 327 | 2 262 | 1625 | 40 | 1865 | 1660 | 12,15 8,02 0,66 | 10,67| 0,956
072BTN3 | 1608| 246 | 371 | 3 386 | 2,393 | 13 | 2063 | 1895 | 11,24 5,62 0,50 | 10,81| 1,170
143BTN3 | 1297 | 463 | 352 | 3 372 | 2,300 | 26 | 1977 | 1800 | 18,61 12,65 | 0,68 | 10,78| 1,092
215BTN3 | 993 | 650| 329 | 3 359 | 2224 | 40 | 1896 | 1680 | 17,63 14,10 | 0,80 | 10,74| 1,062
072BTN4 | 1606 | 245| 370 | 4 481 | 2,983 | 13 | 2098 | 1905 | 12,39 7.56 0,61 | 10,90| 1,238
143BTN4 | 1300 | 464 | 353 | 4 468 | 2,900 | 26 | 2009 | 1815 | 23,54 18,13 | 0,77 | 10,82| 1,188
215BTN4 | 995 | 652 | 330 | 4 454 | 2,815 | 40 | 1926 | 1695 | 21,84 1835 | 0,84 | 10,78| 1,188
072BTN5 | 1613| 246 | 372 | 5 575 | 3567 | 13 | 2131 | 1925 | 13,00 9,23 0,71 | 10,93| 1,401
143BTN5 | 1306 | 467 | 355 | 5 562 | 3484 | 26 | 2040 | 1835 | 25,32 2279 | 0,90 | 10,86| 1,405
215BTN5 | 1004 | 658 | 332 | 5 548 | 3,400 | 40 | 1955 | 1720 | 24,56 2284 | 0,93 | 10,82| 1,380
072BTNG | 1621 | 248 | 374 | 6 6,68 | 4,143 | 13 | 2164 | 1945 | 13,58 10,86 | 0,80 | 10,94| 1,588
143BTN6 | 1313 | 469 | 356 | 6 6,55 | 4061 | 26 | 2070 | 1855 | 27,00 2565 | 0,95 | 10,92| 1,563
215BTNG | 1007 | 660| 333 | 6 6,41 | 3977 | 40 | 1983 | 1735 | 26,80 2573 | 0,96 | 10,87| 1,536
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Blngth.,Thlng s clbip plhngdg hkxiittasg | sicl i ca f ume
L*eﬂgmst’j(&l;)hgch(vl Thing2ah tos§ C§c chHiGedpolymel o ~ ¢ €
K2 "uhi Dung dch . Tng | SF Ceng | Ceng, o KiQn
NaOH N'ng, 1 » : H s

m>u B 14 SE NG NaOH NaO b KLTT, KLTT, Ln®Mn®n b« h-a pH de

L Lang | " 9 £ ng, () | P @ Fu | sung (kg/m?) | (kg/m?) | k h? n e, man NazOxg

d ¥%n M) : (%) (%) (MPa) (MPa) (%)

072BSN1 | 1864 | 42 381 1 2,04 1,263 2 2065 1920 10,29 2,26 0,22 | 10,31| 0,886
143BSN1 | 1810| 80 378 1 2,02 1,250 4 2049 1905 12,22 3,79 0,31 | 10,28| 0,875
215BSN1 | 1763| 118 | 376 1 2,00 1,237 6 2035 1895 12,98 4,93 0,38 | 10,24 | 0,843
286BSN1 | 1714 | 152 | 373 1 1,98 1,226 8 2021 1880 13,68 5,75 0,42 | 10,18| 0,838
358BSN1 | 1670| 185 | 371 1 1,96 1,214 10 2008 1870 14,55 6,26 0,43 | 10,16| 0,833
072BSN2 | 1869 | 42 382 2 3,01 1,867 2 2104 1940 13,25 3,45 0,26 | 10,55| 1,238
143BSN2 | 1816| 80 379 2 2,99 1,855 4 2088 1925 15,22 7,61 0,50 | 10,54 | 1,211
215BSN2 | 1768| 118 | 377 2 2,97 1,842 6 2073 1915 15,87 8,73 0,55 | 10,50 1,141
286BSN2 | 1724 | 153 | 375 2 2,95 1,830 8 2059 1905 16,58 9,28 0,56 | 10,44| 1,132
358BSN2 | 1680| 186 | 373 2 2,93 1,819 10 2045 1895 16,98 9,68 0,57 | 10,38| 1,120
072BSN3 | 1880 | 42 384 3 3,98 2,465 2 2142 1965 17,21 6,20 0,36 | 10,69| 1,528
143BSN3 | 1827 | 81 382 3 3,95 2,452 4 2126 1950 19,35 11,61 0,60 | 10,67| 1,503
215BSN3 | 1779| 119 | 380 3 3,93 2,440 6 2110 1940 21,00 14,70 0,70 | 10,63| 1,488
286BSN3 | 1734| 154 | 378 3 3,92 2,428 8 2096 1930 21,81 15,49 0,71 | 10,58 1,445
358BSN3 | 1691 | 188 | 376 3 3,90 2,417 10 2082 1920 22,64 16,53 0,73 | 10,52| 1,405
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321¢nh h_eng cvlan watynlgi Mu v~ hM sX h-a m

Trong nghi°n ¢c.u L« chJ t4Yo mXu geopo
tro bay dHieQugkih, nsStchdEnggd ch KNaOBwm niondgt h
L, dunglMdl §§h Qi88c M.blp ph i n”"y hfu mph@nkh
mblt c€kmig £gO©m b«o h,a n<€ c tdroorng .Ilkihd ®gs§
n"y m t TgnLnnd bHn thOn b¥%n L,,pkfibhngng
geopol ykrrelrn ch dxal yk brhaSig:h , a“ t 4n Qu ki Qut h€y
cl mo h'kgtvdqivm hi Bf ntgr dnlg¥%n L, ° Li Qu ki
c - iteilich , a, t mACc d ¥ &% no xcihth anahdt nd n

Bi Wu LY [ nh thr® nbga it [Joa ¢s@rihggh I s c_ha a |
geopol ymer HhnWi HS n3tdv "t r3nmgh 3. 3.

N

30
e
x 25
c
® 20
c
. 15
-
o 10
c
® s
O

10 15 20 25 30 35 40 45

as , e—— 1M - B =2M e 3M
N ng L,
dd NaOH 4M @ 5 M - @ = 6M

H m | € ng tro bay b
H3nH 3inh |Ih&tmgp bay bé€smuq gk LGM®n
T. kJt HWwft®BmbBlYn r _bng, Vvi ¢ b’ 2B uagt drm
b3lng tro bay th3 c¢c€ ngC€ ng®h, cn@n m&Kua G
clng t° | t hudn v _NaOH nsg Tedo mdgu kg od ngh k
n“ng L, NatOH &8M,ce€ mg L £ n®n c_a geopol yi
| © 27 MPa 26%v . nlngtto Na®H 6Mhblp€nhélt 8,

n"ng L., NaOH IITM.s d, ng t40% |IHay krhHin@Qu krh
c€ ng L.t m®mg tGHP§Il  hitQubltra” y ¢ - ttr BIWgd o hig



c€ ng L, c.,a GP c¢c- L€ c |~ §7Jm Fahai cy!l
phXm phln _ng v° ¢c€ ng L, Cl€E ngchHHt n®dt c|
trdng th§i b«o h,a n<€ « &hdhn §mhXn Ymign ch
ho"n thi nTrcYmg ctblu§it rbaca h, k6 a n€ & ,c mXun G
th"nh phfn trong nguy®°n |i u ch<€a phl[n

cblu tr¥%c | "m su¥X/jgi §mlfctEer hg CH: mKu3. 2)

c€ ng L, n®n c_,a GP s€ t ,haytkhdkh§ci |
c€ ng L, n®n c' ' ng choakhankkd nha@gdEi IQ§ .ty
nen t hblp nhblt % vi célwThomwlg blayol®g khl[o s
k/JJt qul ctnglchorohblgy b" 840ng t i <€u ki

30

blo

25

S 20
@
[
15
__;
10
o
c
i 5
O]
O
0
10 15 20 25 30 35 40 45
N“ ng L M —-m--2M —a—3M
dd NaOH 4M —e— 5M --@---6M

H' m | € ng tro bay ¢t

H3 nk 3inh |Ih&tmgp bay bé€smuqgbddm®p &P ne c

Trong phUm vi kh[o s8t, c¢c€ ng L, n®n
ki Qm hoUt o€ agsl,dgegpol ymer  ti' nl"'ngt Hudd
C€ ng L LWbht®ncaG®P nhblt |7 27 .,6MMiMRIa N yn'cn
L€ ¢ gilfi th2zch khi n"ng L, NaOH c¢c"ng c:
tan c8c th ohgphfoiNSmg |IA]l uNaOH c¢c'sng hg ao
tan Si, Al cY9Ynfd mBi QU m'hngtm€ ng t t L
di. n ra, tYo nhi Qu s[n phXm c- |i°n kIt



€ 1,00
£ 0,90 SR
08 e~ __-=7"
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-
-
-

0,70 & ]
060 v
050 ="

0,40

0,30

0,20

0,10

0,00
10 15 20 25 30 35 40 45

N"ng L, 1M M ce M
dd NaOH aMm ——a—-5M M

H m | € ng tro bay

H3n®B 3inh Ih&tmgp baylBnh LBung GPh-a mQm

Khi n"ng L, NaOH ttng, | "m mbrh,sftmA@h
ra nhiQu sIn phXm |li°n KJ/tg blQn NmmOHs  htn,
mQm ttng, kh[ nktng bQnT ntdbaybc_ s unghg chp& Inyg
nhi Qu ht-. as mGh€hng ng vt rio hbany |t@ onng$%.c blp |
Sau L- h'm gFnhndem® [ nh hte26048% (H3bft [8).2 %
nNi Qu n"y ¢c- thw gili th2ch b i d€ ng h,
ths h”8Oh€angamg b%n L, gfFn nh€e khtng c
. ng. N°n phrli b” 2hs wntg atihr”on hb apyh, £ nn °Stio O C 8§
bayt . 82686t 3 m | €2mga Stiay c blp t _  tthraan tmaday Ip”
ngYo Iti b®nk . ng, h Nhs€ngh i a ¢ m®  yct abon ghshunn
t H3 ngkt®img phln _ nrgonhg]tli Que ktih_na,n hti = t
I, NaOH s o6 Mnd "t khitmMg L 2t iWnk2phfhode€e
trong tro bay, kB! nwgyt hme sghip@QEmMmM@m n"y.

Bi Wu LY [ nh siiceéfumeg” c d'amg ¢ §lc’ t eopdiymer h blt
t hW hi H3nn htwr 343 nngto.
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N 22
c
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c
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10 ¢
2,0 4,0 6,0 8,0 10,0
dd NaOH —o— 1M —o—2M —A—3M

H' m | € ng SF b" su
H3 nkd 3inh |hé& SR sumcge Injpn L. n®n GP

0,90

mQm

0,80

0,70 T

a

h -

0,60 e~
0,50 /’

0,40 4

0,30

0,20
2,0 4,0 6,0 8,0 10,0

dd NaOH M Pl J— 3M
H m | € ng SF b° sun

H3 mlk. dnh |h& Srikg dungl Jjn h’™ mOMPh - a

n“i v.,i silica fume, LehacUtenodigm i bm it t
| € Sigr bilt cao >90%. Trong nghi®°n c¢c_uz2n"vy
h,alta®d, 32% LWe€bnhgsSa®Wad "m mXu L i ch
geopol ymer Jjt_. qgoHEmtttyHBmIBK Bo t hbly o€ rg s’
h-a mQa geopol ymer t | t hudn v, i h™ m |

t ¢ ISIh, att amg tck@gngt ' m®ns ¢ "hn gaMetraom
Ldt c€ ng L 2264MPav t'aos nhbltiad,mQmn Kng L, Nz
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SBM.Kh&8c v, i geobp#thbyinessung tro bay c¢c- m t
trong kholng ¥Mmioi s&tsncglfanht h€ ' ng d_ @& th
tant rong tro bay.Nwmngv, dblpsitlh°nm GRtuanel 't ht3h u
v.i h"m | € ng sil.iicaGH ubme sbln SidthrGo2@kca yn tv
cho gi § tr° c¢c€ ng MNaOH#M&@6 Mnhblt ° c¢c8c n’ ng
C- s. kvh@cqubyi ltudtviind B hs @gnlg]laan ¢ € ng
I o@®@ar€ ng h' pt getopowltlyane Bv'i i3l ita a nfgu m

tro baymgaoct arSc¥:ha, aA(ltcam si | i ca MHie me %k h
c%ng Sidt Inhe€ng h” mahl, & witga iS5 M 40  nagtramgl n
h. n h'2po8jachblp ph i n"y ICblg-pls i kdhi-§cs 'n

bay s€ c¢c- h” av'l ©An ga cdanghblpn @ h * silicafumed . n g
Hhn sn. akh&8c bi t vQsht ~antgr am gm cl B& gpgh 9Aig
[nh h€ ng kh8c nhau LJn t2nh (&)cblt tch W tghe
t hj] LY ng(Sihhonthc Stihitincg qua c8c okxh oafuchBci
kJt al umESr@Ald)d Qrc aw . eng L Hc t rremgnig® na kg/eto p
s€ khilng bQn v yJu hhn a&lio(-SvQ-Si-)dloi °Ln kJ]tn
ttng h m | € ng nh®m .t rin@uch n gs & Ukoh §1E° nb 5 ¢
quy ludtvinh shu@bngsibBmmg tvrosbhdy ca f ume.
322¢nh h_eng cva vot | itdoggdofotymei i pH v ©° ki

n. pH v™ h"m | € ng kiQm d€ c_ a geopol
n“ng L, NaQHntetH8q I Bnn, pH c¢c- xu h<€ ng
Sittng dfn. n i v,i mXu s’ d_.amg kthrio sb aw
Kbianbtreuoibgg w©F
nhilQ®,ngh Sa © ag tnhh3 Que ng ki Qm tham gi a f
ki Qm s& tham gia v o cblu tm¥%e3mHnlgi | re, ti:
n%ut mUlng, v3 vdy I8 Qu Lki Qme dce tslrEW ghi[ m L
t bW pH cao 40 h blirobhy'1361v0°, 9n” ng L., NaOH 6 M.
b un gd2(1L 0ttrobdyd0%)v . n” ng L, NebH dlknig€e ng ki Q
LYt gi &8 t80%. nh, nhblt 0,

H

n“ng L, NaOH cao v~ t |
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1,40

H' m | € ng Joi(®m

H m | € ng tro bay b" su

H3nh. 3inh h&tmrgp baylLBnh Bumgl € n® ki Qm
c. @pr

Nh€ vdy c¢c- thW thbly hlmdpRakyh it réo€ bsagyn ¢
L n®n ttng dfn v, i t 1 KWA[osusmSygd wn @ d'r ot
NaOH t36MICM ng t €Hng ntg ktihm d€ c- gi § tr’
| € ngh SatOtam | °n,hknhil € ntdrmghaghBlho gi §
nh, nhblt.
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C€ ng L, c¢c,a mXu ttng theo khi n”ng
tuy nhi°n KRIQHN™ Mbh b6 HhriXun dt-€08¢g mu vi~ ki
ph“ ' ng r . p tr°n BEBEQQmHOEm¥u dboBL€phEnbQOn M
Cxtrong khtng Rme - t i ouwMurgdrhdgigiehy ss au khi
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Ki Qm dog%) Na
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c.a mxXu GP

n, pH v h mecl @ meokioQryg mee® t_ forken L,
LQu c¢- quy ludt gi ng nkhieQn rdeg ngmhkHpi st
Si:t tng dfn, nghoazhl,ad agumhg Que tnlgs Sli@® n
pHc " ng ,lkg/itfbsRU €t h WA mit8viB  tHB™Mrh
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nhi t Li n, ch” c¢cfn th°m n€ ¢ LW tYo hs3r
khg8§c hgobfn S d_ng ph€hng ph&8p tYo h3nl
mXu khi ch€eng &p ° nhi t L, v" 8&p sublt
t2nh chblt ¢, a glch x©y kh'ng nung.

C8§c thing s’ «c¢_.a It Quulkic® gty plod yim®enr v
tu”" i 28 ng 'y, hpH :1'g Om edhm@tin S bmk iIs@®m nd €
NazO toc_.d geolp® | o nmerrd nBf nlgbnyh & rsamug



BIn&é 3ChJ L, d€ nigh#th nghi kiftklmiuls d_ ng tro bay
ank'h}n e dtr;hgchcvlrﬁ, ThinAng2ah t( C§c tHgedpolymél o * ¢ €
. Dung dch

K2 “uh o NaOH  SiG:h .| N'ng | T ng Cieng | €O : KiQn
AL S‘E&? II_\Ihl(t: ;grL B Yen| Tro |\ o NG (k;"j‘rrr'ﬁ) oon | 29 KLTT, | KUTT, | L n ®f t’hti S FLS on | d€,

MPa | = o) L, bay L 1ng i £ ng, LFu kg/m® | kg/m? k ht e Na.O

d %n MPa (%)
(M) M) | (%) MPa

RMO 1,6 201 16 | 2048 O 410 0 0 56,88| 1,07 | 0,664 | 2048 | 1896 | 10,60 | 7,00 | 0,66 | 9,55 | 0,229
RM1 1,6 201 16 | 2065 O - 413 1 59,05| 2,06 | 1,276 | 2081 | 1936 | 10,62 | 7,33 | 0,69 | 9,79 | 0,364
RM2 | 1,6 | 201 | 16 |2089| 0 | - 418 | 2 |6049| 3,03 | 1,881 | 2106 | 1964 | 10,86 | 7,60 | 0,70 | 10,55| 0,665
RM3 | 1,6 | 201 | 16 |2113| 0 | - 423 | 3 | 61,66| 4,00 | 2,478| 2129 | 1989 | 10,95 | 7,77 | 0,71 | 11,45| 1,435
FAO-1 | 0,4 | 144 | 10 [1297|463| 352 | O 0 |13,39| 0,79 | 0,492 | 1880 | 1760 | 7,36 | 4,49 | 0,61 | 9,58 | 0,231
FAO-2 | 0,8 170 10 | 1297| 463 | 352 0 0 4487 0,79 | 0,492 | 1880 | 1760 | 10,61 | 7,75 | 0,73 | 9,52 | 0,202
FAO-3 | 1,2 | 188 | 10 [1293|462| 351 | O 0 |6321| 0,79 | 0,492 | 1880 | 1755 | 12,68 | 10,65 | 0,84 | 9,22 | 0,152
FAO-4 | 1,6 201 10 | 1293|462 | 351 0 0 66,88 0,79 | 0,492 | 1880 | 1755 | 14,16 | 12,89 | 0,91 | 9,09 | 0,139
FAO-5 - 50 10 | 1297| 463| 352 0 0 491 | 0,79 | 0,492 | 1880 | 1760 | 6,11 2,38 | 0,39 | 991 | 0,419
FAO-6 | - 100 | 10 [1297|463| 352 | 0 0 | 653 | 0,79 | 0,492 | 1880 | 1760 | 6,22 | 2,49 | 0,40 | 9,90 | 0,416
FAO-7 - 150 10 | 1297|463 | 352 0 0 8,10 | 0,79 | 0,492 | 1880 | 1760 | 6,38 2,68 | 0,42 | 9,90 | 0,400
FAO-8 | - 200 | 10 [1297|463| 352 | 0 0 |10,19| 0,79 | 0,492 | 1880 | 1760 | 6,85 | 3,15 | 0,46 | 9,88 | 0,396
FAO-Q | 1,2 | 188 | 4 [1293|462| 351 | O 0 |5057| 0,79 | 0,492 | 1880 | 1755 | 11,04 | 8,28 | 0,75 | 9,39 | 0,167
FAO-10| 1,2 188 8 |1293|462| 351 0 0 5792| 0,79 | 0,492 | 1880 | 1755 | 11,98 | 9,10 | 0,76 | 9,23 | 0,159
FAO-11| 1,2 | 188 | 12 |1293|462| 351 | O 0 |6493| 0,79 | 0,492 | 1880 | 1755 | 13,88 | 11,94 | 0,86 | 9,18 | 0,150
FAO-12 | 1,2 188 16 | 1289|461| 350 0 0 76,15| 0,79 | 0,492 | 1880 | 1750 | 15,28 | 13,75 | 0,90 | 8,99 | 0,138
FA1-1 | 0,4 | 144 | 10 |1294|462| - 351 | 1 |5553| 1, | 1,105| 1909 | 1770 | 11,26 | 6,98 | 0,62 | 9,75 | 0,347
FA1-2 | 0,8 | 170 | 10 |1294|462| - 351 | 1 |6952| 1,78 | 1,105| 1909 | 1770 | 14,65 | 11,13 | 0,76 | 9,68 | 0,329
FA1-3 | 1,2 188 10 | 1290| 461 - 350 1 85,08 1,/ | 1,105| 1909 | 1765 | 17,36 | 14,76 | 0,85 | 9,58 | 0,232
FA1-4 | 1,6 | 201 | 10 |1290|461| - 350 | 1 |101,33| 1,78 | 1,105| 1909 | 1765 | 19,08 | 17,55 | 0,92 | 9,48 | 0,200
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ank'hn e dI%(zr;hgchcvlrﬁ, ThinAng2ah t( C§c tHgedpolymél o * ¢ €
, Dung dch _

K2 " uf NaOH [Si0:h ,| N'ng | T ng Cleng C eng y KiQn

m>u Cp p Thi tan L NaO : L b « s
it |l;\|h|°é gian, B %n| Tro N € Nng | (Kg/m) | NaOH | ban KLTT, | KLTT, | L n®1 = A oH d-e,
o e\ | L bay Ling | . : , kg/m® | kg/m® | k h? NaO

MPa (gr) A Li t ng, Lfu n, | mQn
d %n MPa (%)

(M) (M) (%) MPa

FAl1-5 - 50 10 | 1294 462 - 351 1 10,38| 1,7 | 1,105| 1909 | 1770 | 8,96 4,57 | 0,51 |10,40| 0,505
FA1-6 - 100 10 | 1294 462 - 351 1 17,00| 1,78 | 1,105| 1909 | 1770 | 9,34 495 | 0,53 |10,39| 0,486
FA1-7 - 150 10 | 1294 462 - 351 1 19,09| 1,78 | 1,105| 1909 | 1770 | 9,59 537 | 0,56 |10,38| 0,475
FA1-8 - 200 10 | 1294 462 - 351 1 20,35 1,78 | 1,105| 1909 | 1770 | 9,56 545 | 0,57 | 10,38| 0,464
FA1-9 | 1,2 188 4 |1290| 461 - 350 1 73,36 1,78 | 1,105| 1909 | 1765 | 15,17 | 11,53 | 0,76 | 9,59 | 0,299
FA1-10| 1,2 188 8 |1290|461| - 350 1 80,30 1,78 | 1,105| 1909 | 1765 | 16,86 | 13,49 | 0,80 | 9,58 | 0,231
FA1-11| 1,2 188 12 | 1290| 461 - 350 1 92,14 1,78 | 1,105| 1909 | 1765 | 18,66 | 16,05 | 0,86 | 9,56 | 0,215
FA1-12 | 1,2 188 16 | 1287| 460 - 349 1 123,21 1,78 | 1,105| 1909 | 1760 | 20,06 | 18,25 | 0,91 | 9,52 | 0,202




-C&8mXu th2 nghi m ch”™ s d_ng b¥%n L, : cl
d. ng dung d c¢ch NaOH 163M kT hi u |~ (RMI
c%ng LiQu ki nngc’s L 8mph sculbltb,a nthhi ~ t L 6 v~
-C8§c mXu th2 nghi " m s d,_ng tro bay, cblp

ki Qm NaOH (kT ki u |7 FAO) v° mXu cblp p!
hi " u | FA1l) L€ ¢ khl[o s§8t trong 3 LiQu
+ D€. ng h, nhi t Xm v, i nhi t L, v

Autoclave LW khl[o s8t [nh h€e ng c,a 8p

geopolymer.

+ D€ . ng h, ° LiQu ki n 8§p sublt th<€ ng
h€ ngnhci, a L, tha°g€ L i t. 50 6 200

+ D€e. ng h, h=3ung nhi t, 8&p sublt kht'ng
khfo s8t [nh h€ ng c¢c,a th i gian d€ ng I
331 nh h_eng dvgnf§mhswrgtc t2nh chmt geopo

Nghi °h2eehuchblt ¢, a geopol mer t_ b¥n L
th, ¢ hi n v_i ph€ehng &n ch” d%ng b¥%n L,

mXu ch” s d_ng b¥%n L, m" khlng th°m tr
nhi t L, R9mé&c,theob€® OMPa e€inh Ls 106; €

ao

Khi b" sung th°m NaOH v,i n ng L, dung
geopol ymer khlng thay L i nhi Wu nh€ng h’
t. i gi 8 tr° 0, 7yl,. oKwpt tgrud[n hn "gye ocphool ytmhell I

d. ng b%n L, m" khtng cfn b sungi@bltntcy
ch ng t, thtmodnghlf¥n SL.O L« L€ ¢ k2ch ho
geopol ymer h: atrdhknhbinQkcfhneni Gp tr° | °n
ki " n th€ ng n- ho " W, togm8tnth va@ mkt gle-oac
| “m vdt i u x©y ° nh_ng khu v, c¢c 2t ch’  u
n.a t2nh chblt c €a deapdluyemendphedhf nb't "sung
Si:t. ngu- n b°n ngo”i



Trong c8c th2 nghi m tiJhp, atbhteaoy Bx§ dh J
sung26% b Y2h hba yt rtohJ/pay. ChJ L. ch€eng 8p v~ t
tr3nh b tYi Bl[ng 3.

inh h<€ ng de€ an¢§ph saudltng L, v h° s’ h
L., v~ Lt@ oc btahyWHdhn HOpK Atr °qqul cho t hbly d€ n

h€ ng rblt |.n LJn ¢c€ ng L, v h s° h-a
t2whi c¢c€ ng L, v hd€esnghlag mQm. t CpO0sdbl
c€ ng L. n®n GP (FA1l) tkng t. 11,26 & 1!

0,92. C€ ng L., n®n GP (FAO) tktng t. 7,3
0,61 6 0, 91.

220 1,0(‘57
18 . —"— 09 E
c - =
® 16 4= 08
c 0,7 -
14 s 0'65
212 05",
> 10 0.4
< . 03 T
® 0,2
4 0,0
— R2E (FAO) m— R28 (FAl)
- @ -H-a mQm (FA&)»-H-a mQm (FA1l)
Cp sublt d€ . ng h, (MPs
H®nHO. 34nh h€ ng c,a §p sublt t, i c¢c€ n
c.a GP 1t b%n L, v’ tro bay
So s&8nh (RAbph®Xg nBpu W, iiQu ki n the€ n
v h' s° h-a m@m d¢C-nst hWhtalybly " v, i n " ng L

thblp hhn (FAO0) th?3 c¢c€ ng L, Lin@Run kvi™" nhr Bblhs
thblp. MXu GP hfu nh€e khlng c¢c- kh[ ntng
Kuw<O, 8). niQu L- L€ ¢ thkW hni tnh@ unag k(JMt~ qc
c€ ng L, 8,9 MPa (19,06 MPa) v~ h s° h-

MXu GP ch” th°m n€ ¢ (FAO0) c¢clng LUt L
h™ s h-a mQm 0,91 ° LiQu ki n ch€eng 8p
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s8§nhlivQu ki n d€© ng h, mXu b° t'ng kh2 ¢
MPa v° th® i gian 10h) th3® mXu GP clng L

12,68 MPa v~ 0, 84.
12

S
1 0,50 &
S
10 040 @
~N
9 -
T (@)
o S 030
- 7 == - =3= 020 &
c- Sed _
6 i
0,10
5 _E
4 000 T
0,4 0,8 1,2 1,6
mmm pH (FAO) = pH (FAL)

-e-Ki Qm de€ (A0 Qm de (FALl)
Cp sublt d€ ng h, (MP

H®nHL 34nh h€ ng c.,a 8§p sublt t, i L, p
c.a GP L. vb¥ntro bay

inh h€ ng dc€ an 98lph , spuHiltv™ h” " mc)] € 68 ki Q
L., v~ Lte oc btahyWH3 miH1.B .t r ° n

T€hng t. s, [nh h€ ng c,a 8§p sublt de
b«o h,a, 8p sublt d€tnglh ngh th vuy/gh, t

de .0la M»@ nghkeng 8p | "m gil[m L, pH v’ ki
n, pH c, a mXu GP (FAl1l) <c¢- L, pPH gilm t_
khi ch€eng &p (° 1,6 MPa th i gan 10h);

c.,n 9, 009.

KiQm d€© trongnogoXu, GPbTnh&p€sublt d€ ng
h (1,6 MPa v™ 10h) kiQm d€ trong mXu GI
ban Lfu che€ea phln _ ng (kiQm tO0 daubéa&ahilfkE
ng). NJu so s8&nh v %Wn IL€ ndeli @Qhnd)€ nag.ha
NeO th3® khi ch€eng &§p | @. ndNhRinQmmhd®ggiclBm
FA1 khi ch€eng &8p LQu cho ¢c€ ng L, n®n ca
pPH c. a mXu FA1 cao hhn rbMi nhiQu swng, Ki
khi ch€eng 8§8p LW ttng c8c t2nh chblt ch |1
nh€ng ch” c¢fn LUt c8&c t2nh chblt c¢c,a glc
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MPa, h s h-a mQm nh, nhblt @o8itBE Vi m
L pH v™ kiQm d€ c¢c, a mXu GP.

Trong LiQu ki n 8p sublt cao v" nhi t
ntng h,a tan -Al§ccthtmdnghdFquyin i u, ph
ra nhanh hhn, tri t ilnw hrkan .n hS[Qu phh=¥m pchsl
n/Jui QulLki khittrhgdham gia phln _ng, nh€eng
tr° th”"nh hoUt t2nh, c¢c- kh[ nktng h,a tan
c- cblu tr¥%c bQn v_ ng @ hen, Ilc@ ngtnlyg krh&n no
h-a mQm. Khi FEOH¢ hdandhumdhFa &N ki Qm NaOH
hhn v o cblu tr%c bQn ving c¢c,a GP v~ khti
giIfm | € ng ki QmuedfoV ymepH. cpflaRymX@&R °wX s [Inu
t“n t9 m t 1€ ng kiQm d€© nhblt L° " nh do L
h-a khi L- gili thW ra.Nh€@n® ng Ki/JQm qNialrOF
ta ho" " n to"n c¢c- thW kh™ sOg ntétydlndg phpH#Hmvvi Kk

khi d€©.ng h, ° LiQu ki n ch€eng 8&p v.i nt

KJt qul clng cho thbly t49i §p sublt 1, 2
cao hhn 0,8 (mXu FAO |~ 0, 84 v~ FA1 |~ C
<9, 5 h"m | € ng kiQm d€ gi[m t., i 69,11 %

ta ch n 8§p sublt 1,2 °®MPalWtlkehfig s8y abc
trong nghi °n c¢_ u.

MXu RMO v° (RM1, RM2, RM3) LUt c€ ng
10,86MPa;10,95MPa)—.|§ s’ h-a mQmo/lc:0,7Q)T66ng” kb0, 689

khtng ch€eng 8&8p ° LiQu ki n th€ ng s€ kh
n€e nci.Qu n"y ch_ ngattr,ontgh bri4n phf il «SiL@ ¢ k2
ng geopol ymer cho c¢c€ ng L, |, K hi d€e ng |
gi. i hUn kh[o s8t th3 t2nh chblt vQ h s’

b¥%n L, vXn che€a w08 ,a ox'n rny°°ru kehFwy JJrK c §o
v. ¢ 2t ch u n€ ¢, ch u Xm. Nh33m n®©ng ca

Qo

phfnh§SiaGQtam8c ngu n kh8c nhe€e tro bayée L



332 ¢ nh h_engtaivac & & gedpolpnted ¢ hm t
inh h€ ng c¢c.,a nhi t L, d€ . ng h, (khi

GP t. b¥%¥%n L, v~  trHntapg.L€ ¢ thW hi n tr

© 20 1,0 o»
18 09 E
08 4
0,7 .
14 0,6 <
0,5
0,4 »
0,3
02T
0,1
0,0

16

n®n

.12
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ng

8
6
4

50 100 150 200
mmm R28 (FAO) m R28 (FAL)
—@® -H-a mQm (FA®¥H-a mQm (FA1l)

Nhi" "t L, d€ ng h, (

H3nH2. 34nh h€e ng c_.a nhi t L, sbly d€ ng
c.a GP t._ b%n L, v’ tro bay

Geopolymer s d,ng b%n L, ch2hlanganc
thing qua vi ¢ b sung tro bay. C8c kIt

t I tro bd®,n9gOnhFOnBC t°H, 200 UC khtlng
L ®o®nuc,a geopolymer. Khi kh'ng b sun
de trong b%¥%n L, clng c-merhW-lka2cicchm@gt Lgu
LYt t. i 6d,a85ngVMPBa0 kthG trong 10 h. Tuy nhi
d€ i 0g46, chdh |i u khing bQOn n<€ c¢c. n-
Khi b sung th°m NaOH t. b°n ngo i, c¥€ r
9,56 MPa sau 10 h gia nhi t ° 200U0C. H’

ch”™ LYtnitQu mM,¥%7h4n chJ] . ng d_ng th,  c t]J
cfn 8p d,ng bi ' n phpakRap bbebgb8psung
T. H3aAh- 3t.MW t hbly c8c mXu -6hlL/88)Fd&0ng
mXu c¢c- b" sung dung & cthnB)FQui- Na@HngML(
h€ ng rblt 2t b°i nhi t L, sbly d€ ng h,
n€ ¢ FAO ttng t. ®&adilinltdblte, t855n MPR2 ,(INK% s C



mXu FA1l c- c€ ng L, t . 8,96 0 9,56 MPa
nhi t L[°C. 508200

H' s’ h-a mQm tktng cing rblt chdm, m X L
v: mXu FA1l LYt tung0,c58lc dm>»u, 5k7h.[ oN-si§ tc hk h?
h, nhi t,°Cskly hfjn s20t - a<0m®m trhidto tth Blpu K
7570: 2006 v° TCVN 7572:2006 hi ' n nay ths3
(khingb®n NnEpkeing L8&p _krhg nlg- mugnhc h x Oy

12

©
1 050
10 0,40 g
T o %
o g 0,30 S
o 020 @
. _
010 ¢
5 ,
I
4 0,00
50 100 150 200
s pH (FAO) mmmmm pH (FAL)
-—o--Ki Qm d€ (FA®)-Ki Qm de (FA1l)
Nhi "t L, d€ ng h, (L
H3 nH3. 34dnh rmh& 'ntg L, sbly d€©.ng h, t.i L.
c,.a GP t. b¥%n L, v’ tro bay
inh h<€nmhgi d¢€alng h, t.i L, pH v" h”™m

EH

b%n L, v tro biynH3& ¢ thW hi n tr°n
n, pH vd€ kci,@m mXu FAO v~ FA1l khi sbly

v gfn nh€e I~ m t h3ung s . MxXu RA®@M39% - L,
% v mXu FALl c- L. pH t0Bpb" n@H4640%38nC
kh3ng L " nh v.,i n"ng L, kiQm hoUt h-a th

NaOH 1M th3 ph[n _ ng geopolymer h-a vXn
t2nh chblt nh€e c€ ng L, n®n,pthlins nd- @&, mC
| € ng ki Qmde€€engblg, kWiCcfcling2&®*ng | " m t he
t2nh chblt c, a GP.



V.i c8c mXu d€ ng h, ° LiQu°®°Kic#&c kmXu
FAO v~ FA1l c- h“m | € ng kii Qm LIW ht, hablpt avn’
phfaminosi | i cate trong nguy°n | i u. V3 thr
v’ c¢c8c sIn phXm tYo ra °tthmHunt d%t r €LlnQu
phln _ng di.n ra chdm v" Wih@e mablt, phifmi

c8c t2nh chblt ¢c_,a GP I " khtng nhi Qu. C8§
s h-a mQm | " rblt thblp khlng LYt c8c <ch
c- L, pH cao v~ 1€ ng kiQm d€e | n.

333. ¢ nh h_enagd cwyrad olhiyc 8gi t2nh chmt geop
inh hth'nig gi an d€ ng ht, i( dee€nmg hl  ch'e
mQm c_ a GP t._. b&nc Lt hw3miti4.® .tbrayyn H

© 22 1,0 <
N
20 e - 09 w
S 18 -==:::."::=’ 08
216 15,2 0,7C
" 13,8 0,6
N (2]
= 12 110 — 0,5
0,4.
o 10 O,SI
GC 8 0.2
P
b6 0.1
4 0,0
4 8 12 16
s R28 (FAO) = R28 (FAL)
- @ =-=H-a mQm (FAO9-H-a mQm (FA1l)
Th® i gian d€ ng h, (gi
H3nH4. 34nh h€ ng c¢c,a th i gian d€ ng h,
c.a GP t_ b%n L, v’ tro bay
c%ng m t LiQu ki n L€ c¢c | a ch n L
hhi n€ ¢ b«o h,a v,i th" i gHamh4chay tlh'bly
c€ ng L, n®n v° h' s° h-a mQAut hig khng
h® p v, i k/JJt qul nghirencc L®Wwyc Ebr B mi NE ¢
geopolymet . x "~ ki Qm vC€bng k8§tn@rmghd Qn.geopol
L i v.,i mXu FAO LUt gi§ tr°  t. 01,047%

0,90. C€ ng L, n®n GP mXu FA1 LYt t_. 15,
0,76 o6 0,91. C8c mXu khi s d. ng th°m Na



kW mu khlng s d,ng th°m kiQm (FAO0O) nh:
x unbg nhau.

(

12

" 0,505
10 0,40 <
T 9 %
e . 030 o
e 7 T _':' == 0.20 <,
6 - === _
0,10
5 =
4 0,00
4 8 12 16 =
s pH (FAO) s pH (FAL)
——e--Ki Qm d€ (FAB3--Ki Qm de (FALl)
Th® i gian d€ ng h, (gi
H3nKH5. 34nh h€ ng c¢c,a th i gian d€ ng h,
c.a GP t. b¥n L, v’ tro bay
n“i v.i L, pH v’ h"m | € ng kiQm d€ c.
th i gian d€© ng h,, kJt qul ghantthblyl L, g
tuy/ln t2nh vgihthtiomg alhi @ HB)i3.nKIktih €nlgers
1,2 MPa th i gian 16h | "m gilm L, pH
nhblt ¢, n Vv8,i99h 'knnild@® smdhgacki"Qm ., n | Yind, v .3i8
|l € ng kiQm L« gi[m 71,95 % so v.i | € ng
I pH c,n 9,52 o, nki,o2d @ Na ¢ |~ h " m | €
% so Vv, i | € ng ki OQOm t_ do ban Lfu trong
Vi ' c d€©. ng h, httmngn@&plin®@u ki Ln cao Vv°~
khog§ th i gian L, d"i gi%p cho th”" nh ph

tr€ ng ki WmphiThampbpgbayméop kdianhmpmaphn'hhmg
tri t LW hhn. T. L-v.tibohir au nshiu Edtu cdo Iphn
t2nh chblt ch |IT ¢clng nh€e gilm | € ng ki Qr
3.3.4. ¢ ntloxitkiichng Ltdena c_ yng Li geopol ymer

Cg&c th2 nghi m-trio bay k'hp b¥dblylt 2 nh
L€ ¢ clr thiVnirgeopolymer hinb baAynkht

sung NaOH, khi tktng 8p sublthgchenght _ u On@4
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c heinigng t . 7,36 MPa 1310 .L /Tt nlgd ,t1hé i MRya a(nk

clfi thi mgl8ng gkeWd pcod ymer . V. i §p sublt ¢
th i gian ch€eng &§p t. 4 h | °4MPh61 K 28 €. ng
MPa. Trong c8c th2 nghi m n"y, vi ¢ k2ch
tr°en 1€ n® ki@mgtb¥wndl, . Saw0 khin odhéenlg«

L&§ng kW v™ c- gi 8%t ¢gi Bht ng 3% tsrohoseg i D DL
(gi 8 tr 39h, khhblk h®ng ch€eng 8§p. n, pH c.
c- gi 8§ tr '8, 9M®blpontvbliti 194t88 khi khlng che

Khi b" sung th°m NaOH, c¢c8c t2nh chblt

clfli thi n. V.,i c¢c%¥ng LiQu ki n d€ . ng h, |,
L9t 26MPA1 L QGEMP2a0, t_ ¢ |~ tEtn@5hTwnl 50 %K !
nhi°n, h s’ h-a mQm c¢c, a geopol ymer kh?n

H s’ h-a mQm c¢c, a geopol ymer ch€eng 8p

sublt ch€eng. S suy gilm c€ ng L ng, ahgdi
kht | do . ng sublt b" sung xublt hi n khi
tdt. Do L-, h” s h-a mQm c,n cho ph®p
tdt c,a cblu tr¥%c. Qua LOYy c- thWwnt kbly, L€
d€. ng h, b=3ng ch€eng &p. D a tr°n gi§ tr’
c.a c8c vdt |i u v~ [8OhTlydm 1t-§80 phiUmh'vis"
hh®8vdt | i u c- thW L€ ¢ coi |~ Hh@m m& «
cFn ch€eng §p-thron bhay thrYonng., 10 h d<€ i §p
khing 2t hhn 10 h d€ i 8p sublt 1,2 MPa.
geopol ymer LQu c¢c- thw LYt gi 8 tr nutgr°n
Do L-, ¢+ thW khuy/n c¢c8o0 chJ L, d€ ng h,

Khi b” sung th°m NaOH, geopol ymer h?3
| € ng ki Qm d€ cl4m§ (tging tvr' Lrdk, tnHbItO, B, 2
ki OQm d€enh  yhta¥knso v.,i tr<€ ng h  p d€ ng
T€ehng t . nh€ vdy, L, pH c., a geo9obdBFiner |
nh€eng vXn nh, hhn pH c¢c, a geo®ol ymer kh?tr



H

D a trph  t tt n c_(78% ch§8en 2B#ip tvp'bh bay) ,
| € ngv SiOBh, a tan c- trong b%n L,d€inmgg hnt
t €hng _ B.4v ( BERgc 3 t hW t2nh e Aht ‘ang aln
clng nh€e t |~ gi_.a hai Ldaxa tngchlBaoc tnhmg .c b
gi 8 t€hng quan c¢c,a c¢c8c thlng s n’vy v, i
| ° 2%i,@ ctan €hng quan kh8& mdt thil/Jt v i
(H3316) . S d_ng ph€ehng phgps§8§b3bhnpbhieng
tr3nh h”i quy m* t[ quan h tr°n cho tr
ph©n t2ch thu L€ ¢, ¢c€ ng L, c¢c_.a geopoly
| € ngh Sao©amnrong h, n h' p.

Nghi°n ¢ u cJf2dl®avhdotwvhblg d33ng cblu tr

thu, ¢ WiIAb tNJul 't |~ n”"y b3ung 1 s[n phXm
bung 2 s€& | 7 -scihlugxio)p,olby3nsg aBli astisd d X 0 )p oy
n“y | . n hhs€&€ 8 -sdMn@AXmhRmMKkgt_ &i hai chu

C8c dUng s[n phXm polymer n"y s& quyl/t
Trong nghi®°n ¢c.u n"y, L« s’ d. ng c8c

c” L nh. Quyt BAIdOstrraontg hl.'n i ta sSE c- ¢

(t2nh theD® tnNgmhhi oxihgy ch€eng &p khtng |~

thay L i oxit oh,a tan.cL®€gnghBRQO |~ LiQ
nhi Qu chu, i moh¥ymert g~ mpdtphthlui Wn Yuc €vivgph,
25,0
= y=0,137x+ 4,827
= 200 il .
s . ¥
£ L
2 150 o
= :
S
%" 10.0 f ’f,.-y *
3 ¥=0,267x+ 4,504

"
- t R? = 0,958

O 20 40 &0 B0 100 120 140

+ Chungap Silic dioxit hoat tinh, kg/m3
A Dianhidét

H3 nH6. 3dnh h+e€e phyg, a t§anSc® ng L, c,a geo




ao

Tr°n L 16t H3hth thbly r» ohagtannghi €
d€ nghieng &p c¢c- gi &8 tr° kh8& thblp t€hng
D€ nghheng 8p gi %p hya, it am” mdi Qe mdinl Sm C
kg/ mj L« gi¥p cli thi ' n L8ng kW c€ ng L
tr€ ng hh'p s’ oféc t €hng L€hng. Ph€hng tr
li"u c.,a cl hai tr€ ng h p c¢c- dUng:

R = 0,123 X (Si@aw + 5,967 (3.1)

Ph€hng3l) 2cn-h R] =0s954 ©himgn grutcnt Lt °ond y
th ng Tkr°e°n ch s° .@c--, tLh"W tphh v éH3enhl ¢c3a ch’ n
c.qgeopol ymer theo y°u cfu vQ c€ ng L. ch
335¢ nh h_eng cdantdg AmiukitMisc cva geopol yn

nNW I "m r» s [nhnh€h®ggc§§p LiQuqus§ tr
L« bhiflh ph©n t2ch XRD:

M u geopol ymer cchh= ns omXdu\ ndgeMdbpygnl mpnye:rc h
d. ng b¥%n %, n€hébm Qu0 ki n de&MPma hr onhlgernd’
16h LW x8c L mlg ghla ©B8%c phiehXRD, pk®p ph
geopol ymer khi chengndgsp L€ ¢ thW hi n tr

Trong th"nh phfn ¢, a nguw™ sAd . in uc-s moc
| € ng CaO nthBltndhehg EBpic8&c oxit n"y ho
phin . ng h3nh th79nhuy 8echikhm,8ngh@&@n it 2 ch
khtng xublt hi n kho&8ng m i trong geopol
L L€ ¢ h3®nh th" nh nh® phlfn ng tYo khot¢

Trong B¥'m@c peck LHc treng c- d¥18%5,ng b
goet hid=2,2;36,8Vi" 2he maX=H24,2 33,1;t3%/9; 40,5; 49,5; 54). Tuy
nhi°n mXu geopol ymer t_ b¥n L, cF8rby 8 p
v phematkgt Ud=498). Qua LO©y c¢c- thW kh33ng L nh
h,a tan v~ ot padafngi ag geopol ymer h-. a.
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H3 83i7. Ph° XRD ¢, a mXu geopol ymer

M u geopwl yddenrgc b¥%b YLKEUMgtt . lkcay:n  mX
geopolymer FAB L'i Qu ki n d€ . ng h, ch€eng 8p
FAO-5 mXu ch”™ d€ . ng°h. thbly gi aanhil0h LL W 5x08 c
gua c8c phehngRpBBVY "pIs&@M™M tEDc h

TrongH3 n3t8p h” XRD cho t hBy vcF5FhBaQiu nkXu nFgA
hi " n kho&ng tinh thWdnt" d im ui, tkr/on ggucbluc €
ho"n to"n kh'ng phrli do .MKInkhnhgkhUaogt b
FAO-5 c¢c- t hW t hbk LN tcr,‘@n o 86165 20y 27t 3218,e  ( t
35; 41) trong nguy°n 03185 uvi r Geedarytorgk e a (
nguy°n |.iTrwnlg¥%k hi, mX8 dhoemg t®P nFA©Lng c
treng n"y. VI tnhhJ] rcun gt h W Lk hQun &k,i§pn sdiBlt ng
c8cho8ng n"y L« b’ h,a tan v° tham gia vV

d€e ng h, ° LiQu kWwIy trha/lh@g qdHf hAM&AThmg t
cho t hBkyh khet-nge §lci nwsuigZl°iuenatne® ° dminig cv-t tlLh
giam gia phln _ ng geopolymer h-a m" c8c
gia phlfn _ng khi ° LiQu ki n nhi t L 6 ceé
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2-Theta - Scale
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H3 n318. Ph’ X R Dgeapolyanerre X083 v " -5F A0

H3nh SEM c_, a mXu3 g(er8mohl w rbe(FHAEZ00cho
thbly s. thay L i vQ c¢cblu tr¥%c c, a mXu geo
khing cEAISIUSEM S8t c- t hW @thbhyr axCurbsgi y hhid @ t
cfu ch€a phln . ng hhm)so B ni cmduth ch€erntg 38§
8§p quan s8t c¢- c¢cblu tr¥%c nhi Quwal h3mhc SIEN
clng ¢- thW quan s§t L€ ¢ cblu tr %dhocgnag c
m i xublt hi n.

SaumKu -BIAOa ch n 3 tLh "Wmh pphicfiel it Wmah Lt Y il
ch n b=3ng pheEDSg hgeh #Hp B3REW, i kpbhOguf2ch t
phfn h-a c¢c- thwW L&8nh gi 88 th” nh @hfmoh- ba
ch€a phln _ ng hJt. ni Wm Bngcu-y°tnh“Inih Gp hbfvr
Li Wm C ¢c- th” nh phfn h-a khlng gi ng nh
tro bay, n°n ¢ thW LiWm Qhthhnphfn e[ a
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H3 m3lkRl.H: nh -BEE® c_, a mXu ge3opol ymer
ni W T |
A (%)
Al,0; | 42,15 g
Sio; | 33,66 s SRS
FeO 6,44 .
CaO | 2,65 g th
NaO | 1,62 Al
TiO, | 1,91
ni W T |
B (%)
Al0; | 13,10 "
Si0; | 7,61 LIRS R
FeO | 44,08 H l
CaO | 1,30 ML Seeine e i
NaO 2,25 : : : 3 M = i 5 Bt
MnO | 3,48
ni W T1°
C (%)
Al,O; | 17,94 g
Si0, | 15,26 gEor i :
FeO | 35,95
CaO | 2,32 HM l
Ne:O | 2,87 R e
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Chblp ph’ i chf tno ,h cc8hes] tI2, nh ¢ h blt
nung L§&p ng y°u cinyucg®¥cé¢h uk t%eEmgel fludn dx Qt bt ¢
Bl ng/iv38l ng8 3.
B ng. 3CblpchpRd&, ngGPEQ xublt | "m gUch
T |° cblp ph ChJ L, d€ ng h
: Cp s ublt Th® i g
1 % . Q
Bln L, Tro bay nhi’' © L (gi®)
74 26 1,2/188 10
BIng 3C8§&c t2nh chHtUtc La€ggdecohp amiCymekrh® n g
TT C8c ch’ nhn M c y°uT2nh ¢ h bl
: c.a geop
1 |C€ ng L, n| MPa min 10 12,68
2 |H s° h-a - min 0,8 0,84
3 |n h Yat n e, % 8 @6 15,85
4 |n, thblm n+¥€ |I/mh max 16 0,88
5 n, p H - max 9,5 9,22
3.4. Kdhe€hmugn
-Nong cao h"m | € ng oxit silic h,

bay @ hndg cl

s’ h - a

128> 1n0® nM FRa

a

geopol

X ©y

t a

n®n c_ a geopobdyge bHBEDE g8 t
‘ t h®dndy.nig mgm™ I

mQm v

v

m n” mgmLl €tn

b” subnglv@yrog blaiyQm deHwXm ocdon Iipl

I geopolymer clng t° I’

giab°n ngo " i | “m n©ng cao h’
-, Li  wh €igeopgolymelr Wd't€cee ng

s h-av>m@m Ktnh3phli s d, ng

NaOH 3M( k h i

gi 8 tr° L« LHt ra c,a s[n
-D€. nghheng«8k2ch hodt

t hwW s d, ng b%%n L,

h- a

-Geopd y mer t .

trong th i

gi an

mQmcO, & Ws [mng phXm_ ng
% tro bay;c hi€ngs 8pg s lt
c ¢ 084008

b ¥2n
10h

phXm.
I>€r ® ntgh bAeh i @ HF n

L ldtl dp€ i) clB J] MP&Im b

L4yt L€
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pPH 9,22<9,58pkiAt yquwl cfuy k: thudt c,a gQi
ti°u ban Lfu L« LHt ra.

-ChJjdie_. ng-h[nh h€ ng | . n t_i qu§ tr3n
chblt ¢, a vdt 1i u geopod@meg Ki Qd_ kg b
t h€dngg,ngh@&ng §p gi Ypbrbong b®mn BSji OLW L-ng
geopol ymer h-a. M c¢c L, h,a tan c8c oxi't

L€ ¢ cli thi n L8ng kW khi ttng §p sublt
d ch NaOH

-Chblu %t ¢, a geopolymer thW hi n qua ph
hi n kho&ng tinh thW n"o m i trong cblu t
cao,§p sublt cao cdlicaekho®gpgnaghwymnnloi u L« b
vio phln . ng geopolymer tYo Ili°n kJt m”
thWwa« [y rda& L€JJde. qul -EBP®nsfFAcphR®BMc, a geopo
v’ sdt clng b’ h,a want tamngi aguw” d rl¥in°hn h
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CHh4uN@TE&NH CH[T C. A 6yCB ®BYPOLYMER T,

BEN n. TAN RAI
41.C8c t2nh chblt vdt |1

C8§c t2nh chblt ¢, a ge&dhpdl ynemgl €hdV It 2a
L tnh&ine v~ L, b8m d2nh ¢, a v_a tr°n nQn
L€ ¢ | khl[ohscBlt hai Li Qu ki n ch€eng §p v~
nghi m:

-MXu geopolymer d€© ng h, ch€eng 8§8p 8§
kT hiuFA03mx

-MXmXu geofd€] yeQ@j ki nttdeEg nwh, nwg it h?2
c8c n ngl lcch MNerOH 4M c143BaM4 hi  u mXu |~

-S° d_,ng mXu gUYch Linh Lblt s®t nung Vv
hai LQu c- k2ch the, ¢ d’i X r,ng x cao:
L " nh m t s c¢c8c t2nh chblt tr°n.

Th2 nghi m L, b8&m d2nh ¢_aa xWMadi®ogn n
Xi mbkng H” vTcigtn vPOBgidvehqmg L. n®n th' ic t
L9t 9, 2MRa@ghi m tr°n nQngYcthc hl Bkti sSn@itn gn uc
geopol ymer LW so s8nh.

M, t s° t2nh chblt ¢, a glch8gbopol yméch
nung, gYch kh'ng nung xi Bhbh#lg c  t i u I
Bfndg. 4KJt qul th2 nghi m m t s t2n
STT Lor?f ?J"Lbng/“kT K'?h\;\t °2|hgeh rJr{ ;23,1/4t " gam " : i h

(kg/n?) (%) (L/m2/h) (MPa)

1 | FAO-3 1755 15,85 0,88 0,19

2 | 143BTN4 1815 15,67 0,66 0,18

3 |nH s ®t 1460 12,46 0,27 0,16

4 | XMc'tliu 1880 9,25 18,42 0,20
Kh” i | € nglathweadmxdhl ymer s d,ng | € n
nhi Qu hhn s€ ¢c- kh i 1€ ng thW t2ch cao
n um m ¢ trung tb3nnuhnggiv. "a ggdchh xLibltmisn® ¢
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Bl n4gl.Do bln vcdbltlic_,@a chJ tY9Yo c- kh' i 1€
L., (kh i 1€ g vi°mng 13, 4h’gi cm p v, i tro
| € ng thW t2ch c¢_ a gkehopiolly@nenrgplt.h W @hincgh L
ph€ehng Yohgpen®p b8&n kht, ®p rung, c- |,
h3wh. vdyhWe-gi Im kh™ i vli€ nnggbtahhW xt@ceh ng, &
bg&n kht! tYo ,r v, rii nlg ¢ UBp htWhd - h ¥ W mh % mh
| € ng thw Hegbhh c_,a vi°n g

n., h%tc_na€ . scfn phXm glch geopol ymer |~

hay g4ch xi mkng ¢t |i u v" cao hhn so
X i mbng ¢t |i u theo TCVN 6477:2016 (kt
V. i cffuuvQ L, h¥%t n€ ¢ c,a glHewon, fd&hE b
hhn 16 %)%t n€e ¢ ¢, a glch KOybkhbhg: - nuhw
th2ch b’ i LHc tr€eng c¢c,a phln _ ng geopol
tham gila tidngkcblu tr¥%c, khi n<€ c.Hhay hl
n.a |I'" s[n phXm geopol ymer s’ d. ng tronog

m n b¥%n L, v° tro bmyy d&d-Hct 2 mHEnoh Mtdthhdieti
h n gridi®geopolymem "y vXn o, h pBEntHIi nh phfn
.reguy°n |li u nhe€hignphb [ nv mhghdljhbayd p p
°n LHc t2nh h¥%Wt n€ ¢ cao c¢c, a geopol ymer

n h%t n<€e ¢ ph, thu, c v~ o IbJm lthbks§nm,

O

O

5

c.a g as8nh v, i L, h¥%t n€e c¢c c,a c8c | o4i
ting b t, b° tlng kh2 €c€hendhWsp hibyUe Runwg.i |
vdt i u c¢c- L, h¥%t n<€ ¢ cao nhbed agllch bLAA
d2nh | © s d,ng v_._a mlch m, ng chuy°n d_r

nW cli thi n L, h%t n€ ¢ clng c- thw
b, khung ch  u | ¢, coi h,n h'  p b¥%mn, L, gtr
c- L. hwt n€e ¢ Ilchm sx®ykh*ngqgpmh@Poliiipc:- m
v,i mii tr<€ ng b°n ngo"i. Khi L- c¢- thw
ki  n | "m vi ¢ kh?*, hoHc c¢c- thW s d, ng
n€ a&o chhn cho x©y t«€ ng b°n ngo’ i
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H3 MA.Th2 nghi m L, thbim n€ ¢ c, a

Th2 nghi m Ic_ at hgBinc hn@ MWt Achnne ¢ t hbl

(L« b«o h,a n€ c¢c) trong m t Lhnle® c tthAW
trong 1H3 nh 4.

Geopol ymer khig§mwe ngd®_ ngheng Li Qu K

ne ¢ (15,85 % v° 15,67 %) 2vh) Ll " t@Fm ner

nhau, b°i c¥%ng m t t |l ph° i h p gi. a
L€ ¢ chJ tYo ho"n to"n t. c8c tnrg@&nyg nc_la
vdt | i h%tm Im@oc ¥- sn phXmopgpaoal ymeringXmng Yt
bln chblt h¥%Wt n<€ c¢c |, n. Hhn n_ a geopol ym
s®t nung, LiQu n"y ch_ng t, vdt 1i u ge
v li°n thltng v, i nhau, vdts | id, wngx ph €hlhc
t90o h3nh v,i 8p | . c | " n chHt cao hhn n_ &

n"i v.i glch xi mkng ¢t i u c¢c- L 6
s®t nung v~ geopolymer LiQu n"y nguyhiw I
i " u ch, yJu |7 8§ mi v" 1€ ng chblt kIt
ntng | n chHt k®&m. Trong th”"nh phfn cblp

t40o ra L, r,ng h" li°n t_c v, i n&amwi,) nh%¥
n€ ¢ 2t nh€eng vXn c¢c- thw LYt gi § tr tht



Nh€© vdy gi 8 tr° L, thbim n€ ¢ c¢c_.a gUlch
gUch khl'ng nung TCVN 6477:2016, c¢c[ hai 1
8p c- gi 8 tr2hL0Qu8 8 ,wvn" hGhh6.60 N3/ L/obMi gUc!

n"y ph% h p v,i vi ¢ s d,ng | "m glch x¢

42. Phsg&8t triwWn c€ ng L, theo th® i gian
nW L§nh gi 8§ s. phs8tgitarni Wn cc8€ mgg "Ly ttul

7,14,2860,90 180ng,sy dm¥g geopol ymer °~ LiQu ki

h, LiQu ki n th€ ng trong ph,ng th2 nghi
-MXue@pol ymerchd@ ng8ph sublt 1,2 MPa v~
kT hi 'FAO-3mX u
-MX geopolymed €. ng Qij ki nt t &g ngh ., nyg, it he§ m
n"ng Ld adhindyaOH kh&c nhau 2M, 4 WBTEM c -
143BTN4v "143BTNG
S ph8&t triwWn c€ ng L, c,ahgbeodpdhldpmeg tt

=
N—r 35 7
[ 30 |
®
[
25 +
-y 20
© 15 -
[
4
@ 10y
O ! —#— NaOH (2M)  =-#=.NaOH (4M)
5 - = --NaOH (6M) cheng Cp
3714 28 60 90 180
Th i gian (ng’y

H3 MR Phgt triWn ge&€omgl Yymem®nheo at h™ |
KJt qul cho thblyd€ec8g mku gebpotd®eng
th2 nghi m c¢c- s, ph8t triWwWn c¢c€ ng L, th
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nhanh ‘'m thg iy snh€ R3, R7 v° R14, sau L-
chdm dfn theo th i gian.

NJu quy €. c¢c I by m ¢ th i gian 28 ng"
geopol ymer nhe®e terSen§ bghi e« oagul, th3a cé
'€ ¢ so s8&8nh v, i m &8®4 ng "y tr3nh by t

BIm@ KJt qul c¢c€ ng L, n®n geopolynm

. N“nl T I'" % vQ c¢c€ ng L, n®n g
KT h r nhau so v,i ¢€ ng L, 6 °
MXU | NaOH

R3 R7 R14 R28 R60 R90 | R180

143BTN2| 2M 20,3 | 40,9 | 731 100 | 108,2 | 115,8 | 120,5

143BTN4| 4M 23,3 | 49,0 | 79,3 100 | 107,6 | 114,6 | 116,2

143BTN6| 6M 28,3 | 59,4 | 851 100 | 106,2 | 109,5 | 112,1

Cheng - 99,5 | 99,8 100 100 | 100,3 | 100,6 | 101,6

KJt qul clng cho thbly, NaH € hblp, nd3n’
phg8t triWn giai LoU4n Lfu chdm hhn so v,
nh€ng ° c¢8c¢c tu i d"i ng "y th3® mu | 4i c-

Tr Hhnd2clng cho thbly v, i mXu s d, ng n
bwu LY d ¢ hhn, ¢c€ ng L, phs8t triWn th" i
xXu h<€ ng ttndg43BMI6s ¢ hddm g M¥aOH 6M, LYt c¢

khi so s8&nh c&c RD4 yv tiu R2URDAH R 1 €853, 1%.

s§nhng ' ow§adu i RGOLUtRIMDI & "t R18l Fn | @t |~
V.i t° 1" n"y ¢- thW n-i geoxpiolnytrmegr Ppohr§t
thtng th€ ng.

n"i v.,i mXu d€.ng h, 6 Li Qu ki n nh
Autoclavet h3 ¢€ ng L, gfFn nh€ kh'ng tktng ° ¢
180 ng"y tu i. niQu L- cho thbly khi <cheer

LW hhn. Geopolymer LUt L€ ¢ c&8c t2nh chl

ngdin it gian trong qusg§ tr3nh s[n xublt.
KNQt qul tr°n clng kh3ng L  nh mXu geop

L. bQn v_. ng theo th" | gian gi ng nh€e h
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th i LiWm 28 ng'y | " m mik8§thr’i g¥Eamgqly
geopol ymer khi d€© ng h, LiQu ki n th<€ ng
nhi t L, cao 8&p sublt cao trong n"_ i hblp
khi kJt th¥%c qu§ tr3nh d® hd b, alWenpol
43.Nghi °mhe Jju ki Qm c, a geopolymer trong L
431.Sx t hayn_ LaYci npgHOmgu c h ¢gehcepmo ltyhmear gi an
n, pH c,a geopolymer khi mXu L€ ¢ ngh
LW L8&8nh gi §giamh¢énk, aghka@Q@, Na@MKu s d, ng
nguy°n ng©m trong n€ ¢, x8c L nh 1L, pH L
t.i mthtn€ mga s chiJjt kiQm v o n<€ c
MXu glch geopolymer (vi°n gUchdwiguy®°n
thay L i L, pH c,a n€e ¢ theo th’ iQngd@n.
c.mXu geopolny@ner tthr oinlggin@t yyd,” 728ngn'g”" y, 90
180 ng“"y, so s8nh v_,i gi8& tr° L, pH khi
Trongnnghu®°s d,ng 3 mXu glch nguy®°n
I kh&8c nhau. MXu th. nhblt L€ drmg@m 1t r5c
ne, ¢ v'° m¥®O©mhromg 2 IpH one€acne ¢ ngoOm
C§8§c tmu ngpHL'@n [chuXn b’ thH ndiBghi " m nhe€e t

a . MXu 1 a . MXu 2 a . MXu 3
H3 M8 Th2 nghi m L, pH cGR |
C8§c mXu geopolymer th2 nghi m L€ ¢ |,
L'i Qu ki n th€ ng trong ph,ng th2 nghi m:
-MXu geopolymer d€© . ng h, ch€eng 8&p ° §
kT hi  u-3mXu FAO
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-MXmXu geod€] yoe@j ki nttdeEg nwh, nwg it h?2

c8c n ng lch dNemOH 4M c143BaWN4 hi u mXu |~

KJt opHE. B, m&eO©m mXu gepolymer ° c8c ng
H3 n4i.

Bg pH

Bé pH

PR 7 S I —— Loz (GB thuéne (1L}
' ST RS Loe. (Gp thuone (15L))
----- Los. (GP thutme (2L)
g3 4 ——— Log (GP chimg ip (1L

Loz (GP chungap (1,50
Loz, (GP chimzap (2L

1714 28 60 90 180

Thai gian (ngay)
H3 M. n pH c. a n€© ¢ ngOm mXuvgeop€&hg msg)|

n, pH c. a n€ ¢ ngO©m c8c mXu geopol yme
v’ tu®©n theoT qutyh'liudlti Womgrma¥utb«o h6& n-+€,
ng "y ths3 L p Hh hvaXam , t is/ppu tL -c ttkitnmgg chdm df
khntng tthttmmg pH c¢clng ¢- xu h€e ng gil[m dfn
tr€chga | € ng n€ ¢ |.n hhn, pH trong b3r

npH om€ac m¥®mgeopol ymerckhging tpHEnNng,
9,83 nh, hhn nhi Qu so (pH10,82khtrin hl @Xu nggehoij
|t qua svhgth20Bgmm m theo ¢t Cl°rug cth@hkmg
L™ v, i mXu geopol ymer che€eng 8p, L, pH |
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hhn rmhi Qui L, pH mXu L€ncQunghi Qnhm nhblp
mXu geopolymer | " m vi cd®Kand m¥i at t €L n
n€taoaong m t th i gian d chdmhikeihghtbn cs d
ph€hng phs&m ndikri @Qrghm n mXu t h’
432SXx t hayn _ LaYei npgHOm khXi x©y c¢- t' tr 8t t

nNW L&§nh 9htBromgcqgug o.réd nhdtsi | md¥wmggUch
tr8t th3 thing th€ ng mHt ngo” i L®hc itr §
x©y glch geopolymer c¢c- trs§t L€ ¢ ngom tr
gian. C8c m¥& c hchuXgrhib ' m nh€ sau:

C§cXugeopolymel’ € ¢ tr§t | . p v_.a M75 c¢c- chi
c8§c mHt c,.n pa&liatfel dblmhhrey cp

C8§c mXu n”"yrbegcneg©m’ 31 fm clle€’] 2 kIh'g €,
1,5 12t2 ne€td. nw&.c.c- thW L&niQn gdc€§m¥®¥ c
geopolymertrongm€ " c t h® i 1gingfiyd 7 ng "y, 28 ng'y,
n pH c.,a n€e ¢ khi ng©m c8c mXu n"y thay
ki Qm c¢c_, a geopol ymeir/pgro¥g Y. hi i mgi amr €
m t |, p v,_a tr8t d°y 10 mm c- m8c M75.

-

C8§c tmau ngpHL©ncl chuXn nbh€ tti2odigg hi =~ m

- '\.,

a. MXu b b. MXu . c. MXu : d. MXu
H3 Mk Th2 nghi m L, pH c.,a n€tcéghi
C&§c mXu geopolcy med ct 2 angechhii ' nm*° ¢ hai
v’ LiQu ki n th€ ng trong ph,ng th2 nghi
-MXu geopolymer d€© . ng h, ch€eng 8&p ° §
kT mixuu-BAO
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-MXmXu geod€] pe@j ki nttdreg nwh  mvyg it h?2
c§8§c n ng lch dNemOH 4M c143BAN4 hi  u mXu |~

Kt gqgpHE. A, n®O©m mXu geptohl yimegri an €k8ws c
t h W trorigB[nn43v 't r MH3nn4t6.

B[ ndg. n, pH c. a n€ ¢ ngOm mXu geopol ymei

o MXu GP t n, pH c, a n€e c, c8c
(143BTNS 1 7 28 90 180
1 1L 10,38 10,71 10,79 10,83 11,05
2 1,5L 10,28 10,64 10,71 10,75 10,90
3 2L 10,11 10,58 10,65 10,72 10,81
MXu GP c
TT (FAO-3) 1 7 28 90 180
4 1L 10,36 10,69 10,77 10,79 10,84
5 1,5L 10,25 10,62 10,68 10,71 10,75
6 2L 10,08 10,57 10,61 10,64 10,68
11,1
10,9
i 10,7 -
= 1037 —=—-Log. (GP the€ ng (
—==-Log. (Gp the€ ng (
—==Log. (GP th<€ ng (
103 Log. (GP ch€eng 8§y
Log. (GP Ch<eng §j
101 O Log. (GP cheng 8§y
17 14 28 60 90 180
Th® i gian (ng’ y)

H3 nlie. 4n PH c.,a n€ ¢ ng©m m%u glch ge:
n, PH cn@Omec&c mXu gbapbl ymeh’  ttggan
h€© ng gilm dfn theo th i gian LJn 180 ng
X i mtng, th3 L, pEao, ahmXaohc Qut s®t vv.i a mb
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L€ ¢ tr 8§t ni.Qu xni" ymtlng @ bi R Ihppacyxa | "midh

tr8t chi g#hgi Om dw Canf®H) | "m ttng L8ng
ch” d a v o gi§ tr° L, pH Lo L€ ¢ s€ kh
c. a*'vNaw€, ¢ thXm thblu qua |, p v_a tr§8t.

nW L8nht ge&8ctm ch2nh x8c hhn v@flh ppH I
th2 nghi mnmvh” o2t rbangNan€, ¢ the® thnigoOmi g

geopolymer ° LiQu Li " n ch€eng &§p v~ LiQu
ch™ LUYi di " n LW phoen t2d&hjtkMtulqguwf{ nmg rg
n€ ¢ qua th i giBnhngt€ ¢ thW hi ' n trong
BIrmgh. N ng n_ kic@Gm timong n€ ¢ theo t
TT Ch" ti|l nhn Gi 8§ tr° sau khi 1
M u khtng chl 1 7 28 90 180
1 [N ng 1t ppm 0,71 561 | 12,22 | 40,81 | 62,65
2 IN“ng %1, ppm 20,81 | 58,62 | 64,87 | 73,22 | 76,26
3 [n. pH - 10,11 | 10,58 | 10,65 | 10,72 | 10,81
M u ch_ng § 1 7 28 90 180
4 INng t, ppm 0,12 0,45 | 2,46 | 522 | 8,35
5 |N“ng 7, ppm | 19,28 | 59,25 | 65,25 | 70,19 | 74,55
6 ln pH - 10,08 | 10,57 | 10,61 | 10,64 | 10,68
KJt qul thwWi4dcho t helygnBRPocghli /jtc va oi onn
cl[ hai mXu |~ kh&8 t<€hng L"ng nhau ° t blt
L€ ng Kil®nh NMa s khs&c bi't khs§ 1. n
nghi m. C8c ng~ "y tu i t. 1 ngc.ya Ld)[n 2 8m*
t€ehng L d8ahtdum,i "d”i ng” "y 90 ng  y'thay 1¢
L8§ng kW. T2nh*ohpltcbhbhi gy ukd@mmMa vdt | i’
v’ thXm thblu qua |, p v_a tr8t b°n ngo’i
Ch2nh tWNakh8ghpn t ghi2mm¥Xw Thh me ng
c.a n€e, ¢ ngGm mXu. t h® i gi an‘chfitt ral
tr€ ng n€ ¢ c¢c,n thblp, n°n L, pH c%do ne€
|l . p v.a tr8t, n°n L, pH &h®£ng w¥ia [ cGE
gian |, n hhn nh€e 90 ng” vy, "nlg80m nngX'uy ,g etohp3o
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khtng cheea3dyBBW4) cao hhn nhi QB)sd°wpiH m
clng cao hhn.
44Kh[ nktng b8m d2nh c¢c,a v_ a

-

C€ ng L, bs8m d2nh c¢c_,a v_a tr°n nQn gy

| © ¢c8c vi°n glch x©y khl'ng nung geopol yr
x40 mmC€ ng L, bg&m d2nh c¢c,a v_a ch u [nh

c.lai Qu kit'nmg,t kirong L- L, Xm vi°n xO©y v~
h€ ng[424.firong L- L, Xm c¢c.,a gUYch |~ L X

ph, ng th®, nbg§hm d¥.nh c_a geopol ymHendr.l € c

H3 M. Thlgchi " m L, b&m d2nh c,a v_a v, i

C8c mXu th2 nghi m L€ ¢ chuXn b -g " m
3; mXu geopol ymer kh'ng cheng 8p 143BTNA4
Xi mkng ¢t i u.
5 025

S
w 0,2

0,2
0,19 ’
: 0,18
o]
0,16

. 0,15
|
© 01
c
()
() 0,05

FAO-3 143BTN4 nblt s ®tXMnn g

o

H3 MB.C€ ng W8&mcdank_ a v, i c8&c nQn gdlc
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KJt qul c€ ng vl a ch8cin ni*¥un hg &g ha tHEnd t h
48.C€ ng L. b8m d2 nh dc€_ an @2h l@Xgu &pe ovp o | Lyi nCeur
c- gi 8§ tr° gfn xblp x° nhacgdaolLBhngmButgUc

nung (0,16 MPa). Th2 nghi m ° LiQu ki n
r<«nh tr°n bQ mHt tifJp x%c v, i v, a, nhen
th€ ng ° v tr2 bQ mHbT[ i t]pOmYagkphoh ymei

n"y clng cho thbly geopoymer ¢ khl nktng
gfFn gi ng nh<€e mXur ogntgc hkKWibiglY-c @t k mMumg@ . nun g
l i u c¢c- h caosmhdAtn L Yti Qu §L t r l2&Cor 2dpd MiPQat

gUch xi mkng ¢t |i u |7 kh8 th! nh8&m,
nhi Qu hhn so v, i glch Lblt s®t nung Vv~ ge
v.i v_a c_.,a | o4i gUYch n"vy.

KJjt qul cing c¢c- Wt bblwdRoagn tmdnrg d-h<€ W
|l o4i gUch geopolymer gi ng nh€ vi ¢ s

45.C€ ng L. kh i x©y s d,ng glch geopoly
C€ ng L, ch u n®n vc oa ckéh nig x©y (npelhc fct, he
X©y), ¢, a v_a XO©y v li°n k/Jt gi_a v_a \

8§n s d,.ng ¢~ L nh m<t I»Himkog m®g5, v Ia
MPa.

Theo it8lli E® nkh i x©y s d_, ng .va at rt°*hne
c€ ng L, c¢c_.a vi°n x©y v~ v_a x©y theo c?
a [0
& 0

a °
PO .
g b+ 8
¢ Re =
TrongRK,ILR-V,:RG: |l fn 1€t |7 ¢c€ ng L, c¢c,a kh’
A, a, b: |7 ow8wow MM is’| ofhi_, kthhi,K «x Oy
Ngo " i ra c€ ng L. c.a kh'i X©y s d, n

b3lng c8ch tra blfng d a tr°n c¢c€ ng L., Vi
TCVN 557320117 k /Jtg Gcbhut L8 u tchhiwdn k JJo. Vi hvldyp hi§W
hoUi c¢cing nh€e kh[ ntng ch u | . ¢ c¢c,a kh’
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v.i v_.a th€ ng, clng nh€® so s&nh v_,i gt
c"t |i u truyQn th  ng, L« tiJn h”nh th?
c8§c loYi vdt |i u kh&c nhau.

GUch Linh Lblt s®t nung, k2ch the€e c¢c 40
c u th2 nghi m theo TCVN 63550NMP&€,9,c € €nc
L ch u u' n 5,4 2P6%.v" L  h¥%t ne€e c |

GUch?® kg nmuitnngg xcd" t | i u, k2ch the€e c¢c 40
trong nghi®°n ¢ u th2 nghi m t4FyEWDP aT,C N 613
L  chviu UL nh®@pswm<e c |~

V.a x©y m8c M75 s d,ng xi mkng H" Ti

-

L, n®nc tJ ° @aMPang~ "y LUt 9, 8
Trong phim vi nghi °n c¢_u, tilJ]ln h”"nh
xX©y v,i c¢8c chi tiJJt nh€e sau:

-MXu geopol ymer, (k'2cc, nd €} cvidoa x©By X
b3lng v.a th€ ng vy.iaclhiQuoddylz_ rmmmUch
-MXu gUch Lbls s@®txn@uwygHagevhi °i nh k2ch t he€

mm)L € @y xb3bng v. a th€ ng v.i chiQu d"y mt

-MXu &bheémgxnumgng cs't d_ ihgHaeh viicemh k2
A0x80xBOMmM)L € @y xbung v_a th<€ ng v,i chi Qu
Khi x©y trong th2 nghi m L . chuXn b’

a) BX tr2 Db) Dung phs
H3 Ml Th?2 nghi m c¢c€ ng LU-gYagéopolymen ®n c_, a
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C€ ng L, th ¢ tJ c¢c.a kh' i xo0oy L€
th ¢ tJ, tifJt di " n ch u | ¢ v° h’
kh i x0Oy.

B[ ndd. KJt qul th2 nghi m c€ ng

. Tr KNt qul th2z ngh|C¥€ 1
17| CBlp t Qi LK
(90*80*40) | (90*80*40) | (90*80*40) | MPa
|
Li(t,i wo 15 : : :
I 30 | Bt LE Bt LfBdt LF
200t 0 mp hi ' n vhi m vhi' n
6,59
P1=43,55 | P2=46,68 | P3=47,88
I kN kN kN

(t. i pt R1=6,23 | R2=6,68 | R3=6,85
3 MPa MPa MPa

Ding ph . Phs h Ph§ h|l Ph§ h

d4mrg d4rmrg dymrmg

B [ n4. KJt qul th2 nmgdy  gridoche xig mit n & hc

) K J]t Ul thz ngh|C¥€ 1
| CcEip tritTr{ At 9 SN T K
(PTN=8OKN) |y | MXu 1 MXu 3 Mxu 3 xOy
(90*80*40) | (90*80*40) | (90*80*40) | MPa
|
Li(t, i wo 15 : : :
I Bdt LFf
20(t. i mp| 0 i hivAt ]
P1=52,13 | P2=47,85 | P3=5022 | .
I kN kN kN ’
5 (t. 1 pt R1=7,46 | R2=6,85 | R3=7,18
MPa MPa MPa

Ding ph . Phs h| Ph§ h| Ph§ h

d4yilg dynrg dyrg
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B [ n4g. KJt qul th2 nghi m c€ ng L, Kkt

Q

) | Tr]i KJt qul th2z ngh|C®€ T
T Cblp t"_'tr‘ L, k
(PTN=30kN) (kN) MXu 1 MXu 2 MXu 3 xOy
(90*80*40) | (90*80*40) | (90*80*40) | MPa
|
Li(e, i wmo 1 - - ]
I
2 |t i ap| 30 - - -
P1=48,78| P2=4358| P3=43,98
Ml kN kN kN 6,50
(t, i ph ~ R1=6,98 | R2=6,23 | R3=6,29
3 MPa MPa MPa
nhanh nhanh nhanh

KJt qul th2 nghi m c8c kh B[ n®%Bl nlgFn
46v B[ n47.DUng phs8 habidnl €heogMiSTMhC1XI4:[
h€ ng c(Cor@aionEactorhy/t,c, a ¢ 3 | &6Bi.n kih ii kxh©y
x©y gUch Lblt s® nung, ph8&8 hoUi n" vy xTly
hoUi .

KJt qul th2 nghich eaha®nhiBlh, cc€/ng. I

s®t nung, glch xi mtng c¢c "t i u v’™ kh'i
tehng L ng nhau v’ nkhh¥augnctosn EkkEtih i &y
gUch khhmgeopwdgy mer x©y v, i v_a th<€ ng.
Kh”i x©y s d,ng glch Lblt s®t nung p
re ¢ ding ph8& hoUi. Kh' i x©y s d,ng gy
hodi d4ng 7, n_t t8&ch d ¢ t_. tr°n xu ng
gUcHi ngdb) . Cling t<€hng t. nh€e kh' i x©y glc
h3nh c¢ctn, dUng ph8 hodi 2 v° c¢c[ ph8 hodi
c. a Hniop) . Nh3n chung c¢c[ 2 kh i x©y gUc

i  u mEUWi ph8ch phfn tiJJp x¥%c gi_a v_a Vv
v.a | ¥Xn glch.
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a)@ ch Lmt b)GY ¢ch xi mt

H3 Mi0. DUYng ph8 hoUi ¢, a c8c | ot
46. KJJt |l udn ch<€hng

-Phg§t a@invn Chem®nh” | gian c, a geopoly
phg§t triWn ¢c€ ng L, nhanh ° tu i s. m ng"
t.c ph8t tri Wn Tt'rconlg tpé SntgtghleabnWhrdthtti dghiw, nc
nhi Qu v' o nUhghta kidemn@éokNhmg L., ki Qm
cao th3 t c L, DPeStghMinyn s§p r©deE mipamh. ph:
v’ gfn nh€e kh?t! kgt tchha@hcgl "8 p,s akuW kch[i LJ/Jn 18

-Geopol ymer c¢c- dhi Qugnigy,° t hl"ingu c&tedjt t U
| imundo n°ncl8kdc tem®@nghblt L, h¥t ymeRcao, L
hhn gUlch Lblt s®t nung.

-Khl ntng b8&m d2nh ¢, a nQn gUch geopo
L., b8&m d2nth€hgnffgn nhédnng¥Xu gUYch Lblt s®t nun

-n, pH ccainf®nm c8§c mXu getolpeod ytme ri tgine

mXutweo quy ludt logarit. T. th™ i LiWm I
ths L, pH vXn tifg ¢chdmtEfg D&®@nhg "y gfr
-C€ ng L, ch  u n®n c¢c,a kh i x©y gUch

x©y b3ung gUch Lblt s® nung, glch xi mtn
x©y gUch geopol ymer wvu pghid8 hhoxdi mk ncgl cp htf
v.a v,i vi°n x©y v° ph8 holi d ¢ Li qua

-
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CHhuNGQBY TRCNH CDNG NGH , NG D, NG TH.
QUG KI NH Te
51.Quy tr3nh c¢ctng ngh s[n xublt glch xO©y
Quy tr3mhM?ng

Tr°n ch s° qu§ tr3nh th2 nghi m chJ t
t i x©y d. ng quy tr3nh sh LY c¢tng ngh’
L, TO©n Rai HOmM.n" ng nhe

B¥n L, Tro bay
! I
X8c L nh X8c L nh
kho&8ng | kho8ng

LYt
n 9Kpo%o)( y
S bly S bly
n nh
Tr (ry°u cfu L, X1 N €,
' t
£p b8&n kht t 4 NaOH b’
¢ hoHc k

Ch€eng 8p Aut

Th” nh phXm

Qo

H3mhl. Sh L ch/] tYo glch x©y geop
Thuy At minh quy tr3nh

_B%n L.
B%n L, L€ ¢ Iby t4i h”™ ch_a b%¥%n L, c.
theo t.ng v tr2 v' th i tiBOYA m° b¥%n L,
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Sau L- b¥%n L, L€ ¢ phhi tr°n s@nmihb«i
L Xm thedo%°uWcdu thwW s &_ kpgrpkhngUph

gUcSha.u L+ L€ ¢ vdn chuyWn t.i khu v, c d,
T. LOy | bly mXu x8c L nh c¢c8c thtng s’
Xm LW | "m ch sh nhAnhhtoBnphfnQuablp ph’i
I " nh |1 € ng theo mU tr_  n t2nh to8&n c¥%ng \
- Tro bay:
Th€ ng |~ tro bay kht L€ ¢ nhdp t. nh

d,. ng v° L€ ¢ cblp woojsauimbo k2m WKoawmd L tmg

Lbly mXu LW th2 nghi m c8c th”"nh phfn
h“nh t2nh to8n, LiQu ch " nh th> nh phfn c
theo mGT tr, n c¥%ng v.i b¥%n L, L€ ¢ cblp v~
-QuU§ tr3nh tr,n nguy°n |i wu:

B%n L, v tro bay L€ ¢ ¢c©n L nh | € n
r€e ¢ L€ea v o m8§y tr.n LW tr., n LQu, L[m
kht. N€ ¢ c¢c:- thw L€ ¢ cung cblpngb§ymnvrli b
khtng LYt L, Xm. C- thwW d¥%ng m8y tr_ n ct

Th i gian tr_n ph, thu,c v o LHc t2nh
c¥%ng L€ ¢ L&nh tgi BgthlaghgunahdpngEM. omXwh
th khing v€tthepu& Q3 x¥Whbit c, a m t s h«ng

Sau khi tr.n h.,n hp L€ ¢ L"ng nhblt,
Lo@n b&n kh! tYo h3nh vi°n glch, b3ung bt
-Qusg§ tr3nh tYo h3nh:

TiJp theo |7 tYo h3nh gUlch b33xng pheh
h3nh vi°n glch L®pc tthh yc Ihic , N/mi&i° M§ s FRP
t Y0 h3nh ¢ thwW L€ ¢ gh®p v.,i m8§y tr n

btng (1 ucblp
-Qus tr®nh ch€eng 8p:

GYch sau khi L€ ¢ ®p tUYYo h3nh xong L€
hoHc bitng tT[i
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Sau L- xe L€ ¢ LXy w o st/tioensy tkgh od € -n ¢
ch€eng 8p.

GUch L€ ¢ L<€ea v ot |autcohc8nagv e§ ph HVJrnge, tcl
c8c thlng s nhe, t ¢ L, titng 8pC/ Op hovat3
L'JJn nhi t HRBpng c8pp sSlubbit) .t hi JJt t €Ang " A g 2 v Mi
18%C,t rong th. i Sguab- 10H @p013 MRE@EHnN gh K YaSgp
giIfm ktfCdlTmpdh¥2 vQ nhi t L, miti tr<€ ng).

Sau qus§ tr3nh ch€eng &p, glch L€ ¢ L€a
Li s d, ng.
52STn xublt th nghi m

n"i wYui gmopol ymer d€© ng h, che€eng 8p
gi° c¢-mXKU BAOWE ¢ d€ ng h, ch€eng §p tr°n
nh m8y gUch b° ting kh2 ch€eng &§p (Ebl oc
CDNG TY C° PHBEIN GYyCH KH I TAN K| NGUYaN
Khu C!ngrhnognthi Phg8t, p 3, X« L€hng B3nh,
M t s’ h3nh [nh glch geopHInsiBlmer ch€ng 8§

H3 mBl2. Ch€eng 8p mXu geopolymer tUYi nh" n
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C8c mXu geokpidieymgr hsaoh€eng 8§p tUi nh-
x8c L nh c8c t2smu hfet.mEuagWbhi ge®pol y me
th"nh m t b ¢ t€r8¢g vhabeéogfudebri & &t c8§c h
bQ mHt c,a | p w.a xOft.trolinmgg thmh€ Igi@mn

i

S

H3 . H3nh [nh b.c t€ ng x©y b3ng

Qua th™ i gian 6 th8&8ng theo d»i , KhifQ mt

ntkng b&madzrech "v tiKhd nag c¢c- xublt,blingn ta§a
tr°n c8c mUch v_a x©y v° c¢cl tr°n bQ mHt
Qua L- ¢- thW kh3ng L nh r33ng, ho"n

thay thJ glch Lblt s®t ‘nud,gng "v_gdcthh € in gnt
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tr 8t agMehl geiopol ymer n"y m” khltng cfn t
d. ng c8c loUi v_a LHc bi t kh8c cho 1| o0yi
53Hi " u qul kinh 1t/
n&§nh gi & hi u qul kinh tJ c¢c,a s[n phX
TOn Rai L©m n" ng bao g m t2nh to§nc-gi §
kz2ch the ¢ D" x R, ng x Cao | " 180 80
gUch Lubhtg sv®t gndch hi mkm?g tchit dinag.xOy t
gch n"y | nh€ nhau.
Gi 8§ th”nh s[n phXm cho 1 vi°n x©y gUlc
t 4o h3nh ®p tonh hoHc ®p rung gi ngnnhe€
ch€eng 8p trong thilJt b’ Autocl ave chuy°®°r
T2nh to&8n gi§ th" nh L€ ¢ th cmhée¢imgt
sublBt ri mtwmi ¥Ypid chJ L., | Trh' Vi gd ah5 & hrbu™
c.a We®yQr |~ 5 ntm. C8c B[hEhH JBpBHBH L€ c t
BInmsd. Ch2 ph2 wvdt |i u s[n xublt cho m
i vdt i \E}NhD?kg 9! LKe;] [y VCNhDi/ vloiI
1 B¥n L, 100 0,811 81,07
2 Tro bay 300 0,289 86,79
T ng ¢, ng 167,86
BIns@. Ch2 ph2 nktng | € ng h" ng ntm
T Ntng | € nphn Iséo r ”VhN’[‘) 9 TQ/II\'ID”h ‘
1 Nhi“n i u T bin 5.500 1.200.000 6.600.000.00(
(55 kg/n¥)
2 ni n (235 KWh | 250.000 2.000 500.000.00¢
3 IN€e c m3 20.000 10.000 200.000.00¢
T ng ¢, ng 7.300.000.000
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B [ n5&. Ch2 ph2 nh®©n c¢c*ng h"ng ntm
S’ . nhn g| Th” nh
TT NEng e TSt 1y T UND
1 |[Ph, tr8ch 1 12 10.000.000 120.000.000
2 |[KJ] t-bBn ¢ 1 12 8.000.000 96.000.000
B, phdn K
3 doanh 3 12 8.000.000 288.000.000
4 |[Clng nhon 40 12 6.000.000 2.880.000.00(
5 |[B[o v 2 12 6.000.000 144.000.000
T"ng c.ng 3.528000.000
B[nSg. Ch2 ph2 LFu t<€ thilt b,
. : S’ nhn gi Th”"nh t
i Ton thi gt bl el UND/ L\ VND
N h X @00ng , s ©On
1 10000 n? 1 15.000.000.00¢ 15.000.000.00d
DOy chuyQn ®p
2 |ctng s ublt 30 6 5.500.000.00¢ 33.000.000.00(
gdch 40*80*18
L, hblp ch€eng
3 100000 ntm (@K | ,466000000( 10.000.000.00(
clng s ublt 173
gdch 40*80*18
4 |L, h hi Lt tr 1 3.500.000.00(¢ 3.500.000.00(¢
5 gg ¢c thiljt b 1 | 2.000.000.000  2.000.000.00¢
6 | Xe nOng 2 350.000.00¢ 700.000.00¢
7 | Xe X VYac 2 350.000.00¢ 700.000.00¢
8 |Thi JJt b’ s bly 1 1.500.000.00( 1.500.000.00(
9 |[Thi JJt b’ vin 200.000.00¢
T ng ¢, ng 66.600.000.00(
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B n5d.Chi /Jt t2nh gi & htohlnhlig$hn gHrXm

TT N, i dung Ch2z ph?
I Chi ph2z sdn xumt
1 |Nguy®in u 29.142.361.11]
2 |Vdt i u ph, ki ' n 500.000.00(
3 |[Nktng | € ng, nhi°n || 7.300.000.00(
4 Lehng nho©n vi °n 3.528.000.00¢
S a ch_a, blo trs3 t|
5 (5% gi § - "_t i Nt b 920.000.000
6 Thu° Lblt mMhtr¥€trmgn 1.800.000.000Q
I Chi gpBxn ti Ap, khmu
Khblu hao thiJ/Jt b, | 13.320.000.00Q
Ti Jp th , qulng c8o 300.000.00¢
Chi ph2 | «i vay 6%/ | 3.996.000.000
Nl |[TYng gi 8 th” nh ntm 60806.361.111
V. |Thu nhopudahflgdnh tr_ 6.080636.111
Gi 8§ th"nh 1 vi®°n gy 350
Gi§ th"nh 1 vi°n gy, 385
Gi 8 th”"nh s[n xublt ra m t IvoYin D8ec*hsa

mm theo ph€ehng ph8p ®p bAwnt kchltav ec hcauitgg i§e
cYnh tranh, ch’ Dbg¥hagh khEt(Vie® t§ Yrglhrégx &t h imh h ¢
| i Kino( N@POOS/BNd vi Gn§ .t h " nh s[n xublt | oYi g

b°i kh'ng mblt chib¥%phibajmua™ nmlgity Rhhai i t bh§c
c huy Wn

C8&c ctng t&c x©y, ho"n thi n L i v, i
Xi mbtng c¢8&t |- m t Mdti ItihJu Wwhibikht nmh §p

khi thi c¢ctng gUch Lblt sPREnmumbuviemUc®t )
to"n di n c8c yJu t° vQ gi §uwtul" mit isfm €
tiQm nktng . ng d_ng | o4i gUch geopol ymer
5.4. KJt |l udn ch<€hng

-KJJt qul nghi°n ¢ _u c_,a ludn &n L€ c
chuyQn thiJt b th,c tJ] t4i nh” m8y gUlc!
SIn phXm L€ k2?2 tAnglmi hmnh t s° t2nh chblt ¢
Xx©y d nog tc€cngp th ¢ tJ theo d»i c¢c8c hi n
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-Gi 8§ th” nh s[n xublt t2nh tr°n m t vi?®
385VNn/ vi °n gUch Linh tlhoBip QLG *r8h0ig 4 ® h mimbll -
v’ glch xi mkng c¢c "t i wu.

-S" d,ng v.a th€ ng xi mkng c8t v~ <c8c

t. b%n L, | gi " ng v.,i glch Lblt s®t nun:
th-i quen s d,ng c¢c,a ng€ i ti°u d¥ng.
nh€snh“d, ng h€ ng t.,i | a ch n m t | oUi
m° thon thi ' n v,i mii tr<€ ng.
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KeT LUxN Vé KIe&gN NGH,
KNt | udn

1.nQ t i ANghhj °thdoc_gudch x©y khlng nung
Ton Rai da©ix nf@ge, i hmg dot irfau m, t 1 o4i vdt
c8c ch” ti°u k: thudt c_ba%ng Ych vx ©yt rkoh *bna
g-p phfn x nld tmii cttr@ ng.dmn®agkitmal © og
oxitsiich , atr@amg nguwyPon pthifln _ ng bRevagmbdol ysmerg
oxitsiich , att angh., bginango i hoHc k2ch hoUt c
§prong tthclavgtr b A

22 T ng quan c¢c8c k/Jt qul nghi®°n c¢c.u c.
khoa trald mlEEe ¢ s Enpm the rgydjul .t "h, & tan
trong ngui°nhlia tam ng U,  Na&aQH,n, vhih™ i i
d€ ng Hi.Qu kib%mn th<€khthna,td aSBh Oa trang n

trobayt 1 ° t hudn v, i Khn"© ncgh@n g NapOH.hIB, n hthn
nhi Qu so Li.Quy kdynLWhiEUnglL € 68i0c %“olg€mgt §p
s" d_,ng kdgiQap 2tti Jhthnki " m nguy°n | i u.
3.Geopol ymer t_ Siekipnalt ab’cthoutwdo kag ng
t° 1 thudn v, itt&nggkhopn eokphdxibslicsrénp gt

b¥%n L, L&&ki hchwwgsngpd, ng b %GBPvIXn Lc -c tlhdy
L€cee ng L, n®n 10, 6@, M@ am~ hk Mismghp [ imQsx |
B" s26%tpbayt hay t hdlh®dxmc®BE tth3nh chblt c¢c_. a ¢
clfi thi Bh&mo " mgty® m cfu glch x©y khtng n
ANghi°m t_ 8 d¢2ahl ahibltvdt €ic® meolpol
triQn theo th i gian, LiQu ki n th€ ng
| "m m ¢ th™ i gian @qihy m@ cgeamlmuer§slikhicch ©nggc
§pc€ ng&®MEfFunnh€© khtng.CBh§t 2tnhli Whhbitth hnm& c
thblm n€ ¢, L., bS§khdprobmy cgdlnShig@®h mag . ah€ g
Xi mbng k[ tnHdahiult KkKi Qmt tcomggeepol gimem r &
t h® i ggiialnrm vk'hi ch@®nmgg 8w.hW ho"n tolnh s’
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geopol ymer WWwW thitays®h/Jnggg chay |l glah kxi
hoHc tr8§t v_a xi mkng c8t thing th<€ ng.

5Gi 8§ th " nh sx@yhgmX¥mnatgh geopol ymer t
theo ph€ehng ph8p ®p b8n tkhh/]t d€ naguthocl c
nhis@u v, EblgUs ®txinumggweé wmAghe€ w.s d, ng 1
trong stth td AttJ ki m L€ ¢ chi ph?2,tnxg nlgihic?
|~ b%n L, v~ Fowo may, tg€pnmhfn b
Ki Jn ngh’

-Cfn tifl]p t_c nghi°n ¢c_u ho"n thi n ¢
c.a nguy°n |li u, c8c th”"nh ph¥fn tigiugt nl d
c8c thing hs'nht hpih/ftn kc/Jho c¢chJ t Yo s[n phXm

-S d, ngOkghdtcrhg nung geopol ymer Kkht!ng
ctng v° vXn s d_ng v_ a hxinhmtrmgigc 8heé mtuh ?
kinh tJ. V3 vdy n°n L€ ¢ triWn khai _ ng
phJ thtfhi Wd ['m nhi_ m mti tr+€ ng.
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K h tng phBnliongckaQmdt | i
oXxit tan v~ L gi m ki Qm. T
h” K n ilic oxit h,a tan v~° s€&€ k
MXu th  Ls&®lyc kchhtu Xnjn kh i |1 € ng khtng
0,09mMm.Sauchbbdg mXu t h v o b3nh kim i
mi dung d‘M(thI—Ulsia(D}aolhhn t %y theo m,c L
v o l fn LW ILu” i, hBtngb Ltdyk m2dpr @ 3mdo vi’
80°C NC.2 Sau 4h | bly b3nh ra kh,i t_. sb
ph,ng. Til theo Lem | ¢ mXu trong b3
“n nghi nimbE W demgddnghdlchgl ¢
silic h,a tan VvICVN7B7214:2006, aCVN @579 7 6@ 6 t
i n silic h,a tan b33ng phe€ehn;q
ch brsiabtWlecho kJJt rt aa kWif
i 1€ ng. Ph€ehng ph&p n"y kht

g c- thW tham kh[o c8c t
7131: 2002¢g vI""lds}/zmxgm'p@temwg\g
a phehng phs8p | © d a v’
h“m | € ng c., a chblk@hblp
XMS tor¢°mg tthhW Jixt§ cb ' L ngnShP L €’

[ n
h, a
g s

g .
d

L€ ng u
Al o ht? nd1§o<h§c.
uy tr3nh th2 nghi m
Quy tr3nh etoh2sHhmpilg™ m tBc b€ ¢ sau:
-B€, ¢ 1: MXu th L€ hece ol BII\2006. THIBWEYX nm¥u t h

0O <aTo o©
=1
«Q
S

v o b3nh th®p cho ti/Jp 25 ml dung d ch
s8t. Xoay Vv i v,ng Lu i kh2z, Ldy n@@O0v"
duy tr3® trong 24h.

-B€, ¢ 2: Sau 24 h, 1bly b3nh ra kh, i t_ s
Ti/Jn h nh I° ¢ h.,n h p trong b3nh phln _r
-B€, ¢ 3: Tifln h"nh I ¢ h, n h"p trcehgnbhyg
L'Jn khi thu L€ ¢ khol[ng 125ml d ch | ¢.
-B€. ¢ 4: TYo gel b3ung) dusmgudl cht HChg (Ip Ha
bng dung d c¢ch NaOH 10M (pH = 7).

-B€, ¢ 5: L ¢ dung d ch b=3ng m8y h¥%t ch©n
LJJknhi phfn cHn tr¢nhgi biIReg0y 5809 NOQtt hiuo rk h®I[ n
| ¢c. CHn L€ ¢ dhEneg, tWnrn8&§ephEnnkd 84 ac L
tan

-B€, ¢ 6: Xsghc, altheoal@VIS7T5T21 4 : 2006, m, c 3. 5.
+Chuywn i Bty cHn v o ch®n bUYch ki m,
Li n.

+Sau L- Lem nung ch®{NBCC mXong Bhi L~
chdntrongb 3 n hXnb/pahit  @h, ng (m). ¢ ©n
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+ TXm €t ch®n b3ung v acidgufuricttHS@e, Edmt h
LHc v°™ 10 ml acid flohydric (HF) Ldm
th°m 3 LJn 4 ml acid flohydric (HF)
tr dung

+

Sau L- cho crmein tRCNEYPCntNn0QOn g 3 0g up h Yt .
chdm trong b3nh h¥%t Xm).L/Jn nhi t L, p

T2nh to8n kJt qul

Cén 25¢ mau

25mlNaOH 5 —_— LQL: va nra
IM =+ 18M A két taa

Siy 80°C. 24h

Hodc tay theo

W
W Can xac dinh SiO-
. .. hoa tan. dung dich
Lam ngudi xac dinh Al
hoa tan

W

Loc varua
két tua

Tao gel

Qap

H3 MH. Sh L OgcBh nd tSan
H' m | €.:hgas8t ®nrong mXu, t2nh b33ng phfn 1

o O @
bYQud— pTT

Trong L - :
@ | " 7ik’mh @ ch®n tcikhexml T, iaeid flohydric (g);
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a | " "ik’hhg@ phon t2ch (g);

Ch°nh | " ¢ch gi_a hai kJt qul x8c L nh sor
-B€, cX8T: L (alh, #AtheoaT@VN 1422008, m, ¢ 7. 8
+Lbly phfn d ch 1 ¢ ° bemlc, 5t Liem € o hd
1.

+H%t 100ml dung d ch 1 2gdmoiNHEI okl kly 25
Lem Lun n-ng dun@ dich, Nehym_ tiJp din
NHOH LHc L/Jn khi dung d ch v_. a s @Hhuy Wn

L Hc .
+TiJn h"nh | ¢ dung d ch khi c¢cln n¥%ng
+H aan kJJt t_a tr°n gibly | ¢ b3ung dun

d ch axiot) MGl Luh: h-ng LW r a sYYch th-~
cblt n-ng L¢nhhhghn@nd@bg).d ch AgNO

+Th°m v o ¢ ¢ 30 ml dung d ch NaOH 30
ph¥%t, | bly ra LW ngm]ib®hglnkdcmE®ut h-
+L° ¢ dung d ch qua gibly I ¢c kh', ph_u
Dung d c¢ch | ¢ d¥%¥%ng LW x8c L nh h™m | €

+HWt mMIloO0dung d c¢ch 2 cho v o ¢ ¢ th,y
dung d ch EDMAtOJJ@1l 1Mhottle 2 gi t ch’

+Ch" " nh pH = 7 (dung d c¢ch v_.a mblt m"u |
d " ch NaOH 10%, th°m ti/p 15ml dung d’
d" che°C 80

+ChuXn | € ng d€ EDTmaxemt¥n(@sCOQr0 g0 dMc i, kK
ch™ th xylenol da cam XO 0,1%. TU4Yi L
v'ng sang h” ng.

+Th°m ti/JJp v "o ¢c ¢ 10 ml dung d ch nat
d ch | Y% n"y ¢ m'u v™'°@gd80CLW ngu, i du
+Ti/JJn h”"nh chuXn | € ng EDTA v_.a gi i
axetat Zn(CHCOO»0, 01 M LJ/n khi dung d ch chuy
| i thW t2ch dung od ¢H -k&rhandbgiest ti
h, d&anc - trong mXu.

T2nh to8n kJt qufl
H m | ©0shg, aAdt amrong mXu, t2nh b3xng phfn

PRV P @mx v
POo ;

T TT
P p

Trong L-:
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C A g, miol ¢ a dung tch Zn(CH.COOY (6 T H )

® | " Wt2hg dndurg cch Zn(CHCOOYn™ ng0 ,L01 M ti °u t n L
(ml)

6,375 |~ k®t€hne nmg AV, i 1ml dung d” ch
a | 7" ik’mhg@Udn phoen t2ch (g)

Ch°nh | " ch gi_a hai k/Jt qul x8c L nh sor
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VIEN NGHIEN CU'U VA UNG DUNG VAT LIEU XAY DUNG NHIET PO1
PHONG THi NGHIEM VA KIEM PINH VAT LIEU XAY DUNG - LAS 1234
LABORATORY FOR TESTING AND INSPECTION OF BUILDING MATERIALS — LAS 1234
TEL: (024) 3 717 36 54; (024)3 869 69 53

KET QUA THU NGHIEM
S6: 425/KQTN

1. Ngudi giri mau: NCS Lé Vin Quang
2. Loai mau: gach khong nung hé geopolymer tir bun do
3. Yéu cau TN: Kiém tra tinh chét co ly cia Gach dic, kich thude DxRxC : 90x80x40 mm

4. Ngay gtri mau: 20/04/2019

TT Cic chi tiéu Don vi Két qua Phuong phap thir
1 | Cudng d§ nén. trang thai kho MPa 13,02 TCVN 6477:2016
2 Eggﬁo‘? men g that bab MPa 11,05 TCVN 6477:2016
3 | Hé sd hoa mém & 0,85 TCVN 7572:2006
4 | D6 hut nuée % 15,68 TCVN 1450:2009
5 | Do tham nude L/m*h 0,79 TCVN 6477:2016
6 |DPopH . 9,32 TCVN 9339:2012

Két luin: Cdc chi tiéu thir nghiém dat yéu céu theo TCVN 6477 : 2016.

Ha N¢i, n ay 25 thang 04 nam 2019
52149) ,.\\
S VEN i'E'N\TRUO'NG

NGHIEN cUu 3

THi NGHIEM VIEN

JONG PHONG TN
il N
LAS g
\

bz Q\“
ThS. Nguyén Viin D(frtg PGS.TS. Nguyén Manh Phit : @Q’%’i/ H. Bach Dinh Thién

_NHIET D0} /' 7

= Cic két qua ghi trong phicy nay chi c6 gid 1rj doi véi mdu do Khach hang gin dén.

- Khang dwoe trich sao mot phan két qua thi nghtém win: néu khong ¢6 sir dong ¥ cua Vign va PTN.

oty o~

= Tén mdu va 1én khach hang duwoc ghi theo yéu cau cua khach hang.
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Lin { Cps)

Mau Bun do- Quang - Trung tam VL moi Mien MNam

1 g =
T 2 el L
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2-Theta - Scale
m'.'.i..\n-.'.--\.l.{ll.'-I.II.'HII".IIJ'.'HI G -Fis Mau Bun oo -Cusng - Trung Bm Yl mo Men Manrees - Dpa 2T Dockesd - Sl 3000 °- . 5000 ° - Sep - Sap s e - Tamp. 5T

Cpsuiim. Fowrse D330 x| Srexdh 008

1a-04 4 (U] - Gasd b, sy - F AT

Srexh 0088 ¥
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[ A (- s -a s P 1L SAIE - Heopural (- Primilivs

1 FA-1 T - Gl - ALCHE -WL L35H - Mumedinic -Frimiis
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Lin (Cps)

Mau Tro bay - Quar_@ -Trungtam VL moi Mien Mam
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o H
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] !
r 5 g
= - "
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N - +
L J

=2 I

2-Theta - Scale
[ T by - i gy - gy s ' rrc e Pk = Pl W e By — Cusangg - Trungg s 'L rra IV M. rio = Type 2000 o b - St 5000 * - Ert S50 00 - Sy (1090 -5 gy Lirrm: 1. 30 - T2 255
Chpsaairee S sh (L0SA | I
-0 I (0] - Gl - ST - VL. 1390 - Fesdpna - amive
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Bun chung ap - Quang- Phan Vien VLXD Mien Nam
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PR War VILND Men B
A0E - H E
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mau FAD3 - Quang VLXD Mien Mam
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Lin{Cps)

mau FADS - Quang VLD Mien Nam

2-Thets - Scals
Q) VLD Mo Mamuraw - Tyge: ZThTh incked - Stat 5000 *- End: 5010 * - Seac 0 03
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