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1JKLrQ FgX WUUQK Ej\ Y5W OLOX y-W NK{QJ QXQJ yiik
&K-W [~F WiF yAikF Vu GmQJ Oj GXQJ GSFK DONDOLQH
WUR ED\ 7tQK FK-W FoD Y5W OLOX yfikF NK+R Viw E9
NKiF QKDX g Yj ya & WKelL JLDQ GfAiQJ Ka V
TX+ FKR WK-\ FieQJ ya FoD Y5W OLOX y-W NK{QJ QXQ.
GAiQJ WKelL JLDQ GiiiQJ Ka Yj WQ OO GXQJ GSFK DONE
Fy WKK G*QJ WKD\ WKG FKR V+Q [X-W J)FK NK{QJ QXOQ.

71T .KyDOW GXQJ GIFK DONDOLQH WUR ED\ TXi WU
$%675%&7

6RLO PDWHULDO FDQ EH XVHG DV EXLOGLQJ PDWHU
7KH A\ DVK SRZGHU DQG DFWLYDWRU DJHQW ZKLFK
WHPSHUDWXUH IURP WR FHOVLXV GHJUHH DQG |
LQYHVWLIJDWHG *HRSRO\PHU VRLO VKRZV WKH VWUH
DV WLPH DQG WHPSHUDWXUH UDWLR RI DONDOLQH O
WKDW FHPHQWLRXV EXLOGLQJ PDWHULDO FDQ EH UHSES

.H\ZRUGRLO DONDOLQH OLTXLG A\ DVK JHRSRO\P

* b, 7+,E8 JHRSRO\PHU yOW FKé \AX O]

9LEW 1DP O] PYW yoOWE®hQ(H gé P Bk »F FIF Y+W
WULCQ YRL QJIXxQ QIX\IJIRKeR{QRkRPLESGF @
YyOW VpW NKi GxL GjR ymcF S&KWQ FOHOWWWDXQ BYRQ OR¥L
UYQJ Wi %3F YjR 1DP 7UR@DXPXQWVLOILWDWRKYRL WK|Q
KLEQ y¥L KyD V& SKiW WRICW YKODRK FKRQPUW &DOXPLQ
QJjQK Y+W OLEX [k\ GOQJIQKILAXW @ pMK AmMWHIRQBIiF VE&Q
O¥L KLEX TX§ QKOW VIQKFRRNQQJOKrQkF B@IQ Jy1IKLrQ F
YLEF WKELYNRK@W WKSL BE@QI QRIQLERQIKE JHRSRO\PH!
ym Jk\ §QK KmaQJ [OX yAGRED WUKEQIOMUEXK FKtQK O] |
KR¥W 77 yy & WmaQJ iQJ-GEéWIFF{@MINRBKEKRYW yC W¥F
JHRSRO\PHU YjR YW OLPX Ly @W K\Dp W KLntEgFr SMRTLA Y 1 K\ U |
KiQK QJKLrQ FiX yC W¥R*HDSRAWHYHWwhcFLHXR 6m 'DY
PRL JLEP WKLCX NKt WKEVi@) WKAEMXLEFR{MWUQJ K¢S
WUMAaQJ 7KjQK SK«Q QJBWI® YWIW @ IQEIX\F@DOLEX DO X
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FKOW [~F WiF Oj GXQJ GIFK OPDNQIDHIQKY PRAIKWUMRF

6RGLXP K\GUR[\W KR»F SRWRPYLKR NGIRNW WtQK F
FeQJ GXQJ GIFK DONDOLDHR SR PHAS FHEGRAX O] Erw
EER Gm&QJ Yj yyQJ U3Q &OBIHBMYY CSHaQDONDOLQH
KR»F VO\ & QKLEW §Y WkKIh$aQmKly WiFR®9IQWly GXQJ Gl
FéD GXQJ GIFK DONDOLQNAW JK&SR WRAGW Y- BAGEUR[\W K
KzVDQ Yj SK8Q iQJ W¥R WKDGRUR[WV G LB RBQXP VLOLFD)
Yj 6LW6 GR 6XOW TXi WWLEKRQ [EMUQISKEFKmMAQJI GXQ
iQJ FiF Wi GLEQ W3 GR OMKQLNAW QE&EMAQUKK®JIY+W OL
TXD QJX\rQ WA 2[\ Yj OmFRXyM¢F Wi FKEQD GXQJ GIFK I
KuQK WKjQK FKXUL SRO\RHI YWILyY@W IOUEK YyOW VpW
'MRL WiF GéQJ F&D GXQJ GLEK DNKND D LR J[§1XQJ GIFK
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NKOL Om¢QJ

0.1 P-W NKL QXQJ

OW Fy FiF WtQK FKOW YW\R Q& MR S RAG LKL -P Y| SKr
Om¢QJ ULrQJ &KI ¥O G¢RSKiS QKjR WUYQ
*LRL K¥Q G¢RQJ GIFK DONDOLQH £0S SKOL KE QIX\rQ Y:
'’XQJ GIFK DONDOLQH ym,

Oj KUQ K¢S KzD WDQ GXQJ fPr-\éKGgég@X'ﬁK DONDOLQF
KI\GUR[LW Yj GXQJ GIiFK WR\&LQ(JP VLOLFDW 7URQJ (

'XQJ GIFK WUMRF NKL QKRNRONQH yWdFOERPHK|QK SK«Q
YiR QmBF Om¢QJ QmRF GARGL¥M WnOdF DWW B KWKD\ yUL O«
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07X yOW WKt QIJKLEP VDX NKA74R yH@K 1*+,EO
FiF FKi WLrX Fk Oé ymcF WUYQ QkamaQJ FéED yLAX NLE
WUR ED\ WKHR Wu WERNRI@(Lyg@ICF@ﬁQQ‘,yY FéD P X JHRS
Fy NtFK WKmBF WUé FP Y| FKIAAXNLER) GMRAQJ KY ymgF
6DX yy P X ym¢F QKjR WUKRDLYWK j@XQI KPLKFIKME ®@in G
DONDOLQH YRL WU O VK KIR Q¥ DXK LOEW W ¥HREIKA QK &Y F®
ymcF ESR Gma&QJ & QKLEWK®LSKEQ WW IDREQG XQJ GIFK K
JLa *Li WUl FmaQJ yY FKIWUR GDM\M¥ KOV UL & FiF Wi (
YyTIQK VDX NKL WLAQ KjQK 6BnXaDyW KIYCE CGHIARW KY & FiF
O«Q Om¢W O] V% & GQWK&L YULD& YRL WKAL JL
GmaQJ yY WKD\ yUL Wi GmaQXNjKY WD\ yUL Wi
WKHR WiQJ FOS QKLEW yWURQJ WKLAW Ei VO\
+UuQK 4XDQ KE JLOD WK&tuQIKD Q SXDE@ KE JLOD QKLEW y
KY QKLEW Yj FmaQJ yY FKIXjQpaQBELWWEKIE QpQ YRL Wu
6RGLXP +\GUR[LW £ 6RGLXP 6MCGURDPMNO 6 RGLXP 6LOLFDV

AW TX8 WKt QIJIKLEP aWKKQIK JIAKR BK&QJ KY QKLEW
NKL WKAL JLDQ Gm&aQJ KY4ARIKWEWQMK QUDWQKLIEW EDQ YV«
JLa& JL& YAQ JLA WKUMFEIQRKRY TPKITWUUQK W¥R F
QpQ FéED P X JHRSRO\PHOLEXW FKOW WjQMURQJ WKAL .
KL yy &©S SKOL 0 Fy FmaQlokY FAUK WKo\ FmaQJd y
QpQ W QJ OrQ Wi F@3P KL oJLao Yj o yAX J
OrQ VyAQ 03D W¥L JL& IKIEPKSKIEE QKL QKLEW yY Gr
Fy FmaQJ yY FKIX QpQ W Q& @r® & VR WAL JLDL yR¥Q ¢
03D W¥L JL4& OrQ yAQGmAGRDKWY¥W LQDMII& 5LrQJ
JLA 7URQJ NKL FO©S SKOE@S FWFMEQINKL GmaQJ KY
FKIX QpQ W QJ OrQ Wig FP3MmMAQQ yY FKIX QpQ \
yAQ 03D 70F yY SKiW WULQRFWMAQJINKYL. GmaQJ KY
NKL W QJ WKAaL JLDQ Gm&Q@J &Y WéD FOSDS@MrQ VyAQ
0 Oj QKDQK QKOW . KL WKDBDED® GHEQ@WMAQJI KY & ¢
KY QKLEW W QJ Wi JL4 9F¥Q & HAmaWB W ¥FnF&QJW QJ WK
yY FéED F§ FO©S SKOL 0 WO Yj0BD & OrQ yAQ 03L
JAX JLD W QJ QKDQK KKQaVR&YRLKLBWAQJIWE) YDL WU
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trong sy phat trién cudng do geopolymer
dat. Anh huong cua nhiét do dén cuong
d6 chiu nén ciia geopolymer dét 1a dang
ké, khi tang nhiét d6 dudng ho sé giup gia
tang cuong do vat liéu, tiy vao tung thanh

Hinh 3. Anh huéng ty 1 DD hoat
ho6a polymer-tro bay va nhiét do
duwdng hé khi ty 1€ Sodium Hy-
droxit — sodium Silicat 1a 1:1

Khi cip phdi thay doi ty 1& dung
dich hoat hoa polymer — tro bay tir 0.3 1én
0.5 thi cuong do cua vat liéu c6 xu hudng
tang lén. Trong do, ¢ nhiét 40 dudng ho
60°C trong 12 gid, cudng do chiu nén cua
cap ph01 M83 (11.46 MPa) cao gip gan
1.26 1an so v&i cuong do chiu nen cap
phbi M53 (9.11 MPa) va cao gap 1.7 lan
so voi cudng do cap phdi M23 (6.72MPa).
O nhiét 46 dudng ho 120°C, cudng do chiu
nén cua cap phdi M83 (16.53MPa) cao
gap gém 1.08 1an so v6i cuong do chiu nén
cua cap phéi M53 (15. 26MPa) va cao gap
1.34 1an so véi cuong do cap phdi M23
(11.36MPa).

Téc d6 phat trién cuong do cua 3
cép phéi M23, M53, M83 v6i1 ham lugng
dung dich hoat hoa polymer khac nhau
cling khac nhau khi tang nhiét do dudng
ho. Cap phdi M23 c6 cuong do chiu nén
tang 4.64MPa tu 6.72MPa & nhiét do
dudng ho 60°C 1én 11.36MPa ¢ nhiét do
dudng ho 120°C. Trong khi d6, cuong

phan cap phdi ma nhiét do thich hop s&
cho cuong dd tot nhat.

3.2. Anh huéng ciia ti 1 dung dich
hoat héa — tro bay dén cwong d§ cuaa
mau geopolymer dat va tro bay

Hinh 4. Anh huéng ty 1¢ DD
hoat héa polymer-tro bay va thoi
gian dwong h§ khi ty 1€ Sodium
Hydroxit — Sodium Silicat 1a 1:1

d6 cap phoi M53 tang 6.15MPa va cap
phdi M83 ting 5.07MPa khi ting nhiét
do dudng ho tur 60°C 1én 120°C. Ham
lugng dung dich hoat hoa polymer c6 tac
dung lam cho qué trinh geopolymer hoa
tao thanh khoang c6 cuong d¢ dudi anh
huong ctua nhiét d¢ s€ giup cho vat liéu
co cuong do t6t hon. O cung mot nhi¢t
d6 dudng ho, cap phdi co ty 1¢ dung dich
hoat héa polymer — tro bay 16n hon s€ c6
cuong dg chiu nén cao hon.

Tai thoi gian dudng ho 1a 6 gio ¢
nhiét d6 60°C, cudng d6 chiu nén cua cap
phdi M84 (6.24MPa) cao gap 1.12 lan
so vO1 cudong do chiu nén cua cép phbi
M54 (5.56MPa) va cao gap 1.66 lan so
v6i cuong do cip phdi M24 (3.77MPa).
Khi tdng thoi gian dudng ho 1a 12 gio &
nhiét d6 60°C, cudng d6 chiu nén cua cap
phbi M84 (11.46MPa) cao gap 1.26 lan
so voi cudng do chiu nén cua cip phdi
M54 (9.11MPa) va cao gap 1.71 1an so véi
cudng do cip phdi M24 (6.72MPa).
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7UrQ Fa Va WKG8F QJIK LG yWHKOBLIFEQKWKLAW WD S
KmaQJ FED WKAL JLD® GyARad XY FKEBW W

WKC FKA W¥R Y+W OLEX JHRSR @ U QI WU -F
FIFK WKD\ yUL FKA yY Gmg 9 Y \Ayt \%)v v \L,JVUR
SKOL 0 Vi GéQJ Wu OE_ Kk V\J/tFK )
KyD + WUR ED\ O] FKiF Q

QKLEW&WURQJ JLa FQJWK(;*WRWRFCN\EHU FeD JOW VpW
Y FKIX QpQ WmkQJ ymkQRly VRO X BUUFSEKKKIKODM.Q O Q FO >
0 G+QJ Wi OE GXQJ GIFKHRRYXW HKyHIFOSKmMkQJ SKiS SK
GmaQJ KY & QKMEWRDPY JE&QJIKEk EEQ Oj SKmkQJ SKiS
yy FOS SKOL G+QJ WU O GXQ?x®I RKQRj vLrX KLCQ YL
F«cQ GmaQJ KYJWUFR[Q—JY¥WOWRQFLU)LFURVFRSH 6(0 WUF
FmaQJ yY WmkQJ ymkQJ §yC QK+Q ELAW FOX WU~F EA

&+QJ PYW WKA&L JLDOIFGM@YIWKYFAYRL ykQ YT Oj F
FeQJ PYW FOS QHLEW FWIKRAHzQ Vi GeQJ WKrP SKr
SKOL Fy WU OE GXQJ GIFK&ROWLEXD[S RQDPHKD\ FzQ
+ WUR ED\ FDR KkQ VA [F§F FIKQRKJYKFKEXVE WxQ W¥
QpQ FDR KkQ C W QJ WhdaR JHRSHE®IXHU Y{ yIQK K
QpQ FéD FOS SKOL Fy WWYREWK{QH GNAW KREFWUUQK

+uQK &©X WU~F FéD P X JHRSRO\PHU yOW Yj V

D %A P»W P X JHRSRO\PHU&@®WWU~F EA P»W yyQJ Uz
Yj WUR ED\ VDX NKL yyQJ UP@RSRO\PHU yOW Yj WUR E

F &iF NKRiQJ VpW ym ym¢cF SROKRHQIJKYDROLQLWH ym JH
WUBF WLAS Yj OLrQ NAW FK» WK ¥EKAVRKDKX K\GURVRGDOL\
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+uQK +uQK ;5" FéED P X JHRSRO\PHU yoOW Yj WU

A7 /8°1 7URQJ GXQJ GIFK KR¥W K
1JKLrQ FiX §QK KmaQJJFeB MRGHXx K\GUR[LW + VR
NLEQ Gm&aQJ KY NKiF QKDX KjPROmMEZRIcQy+W OLEX W
GIFK DONDOLQH FéD YW OLBXPyOW INKY GIXD GEBK DON
FKOW NAW GtQK [LPDQJ NA\WWJOWKQ ymc&d&QUuUPY Y+W OLE
&maQJ yY F&D YW OL@%§©QN%#\W NIREDT WURQ
03D WURQJ yLAX NLEQ MKEE@ &SRy GmygQJg
WURQJ JL&4 .KL W QJ WKAaAlOHIWDQLEXAPAWYyYy NKE§ Q
orQ VAQ JLA WKu FmMAaQ FHQIWQQKREI<IHRSRO\PHU yC
KL WKD\ yUL QKLEW VY GOGmERJINK{QVI QXjQrJ KD\ WKA
& yAQ yY & WKu FmaQWW¥ \FRyQWKICOW JQ J
yAQ

7-, /,E8 7+%$0 .+!2

$ 3DORPR Yj FYQJ V? SK\VLFDO FKHPLFDO D¢
RI JHRSRO\PHUV WK ,QWHUQDWLRQDO &RQJUHV\
&RXQFLO IRU &HPHQW DQG %XLOGLQJ ODWHULDOV

BURYLV -/ Yj FYQJ Vb 9DORULVDWLRQ RI A
*OREDO 1(67 -RXUQDO

$ 0 OXVWDID $0 %DNUL OLFURVWUXFWXUH
PRODULW\ RI A\ DVK EDVHG JUHHQ SRO\PHULF FHP
- 'DYLGRYLWYV *HRSRO\PHUV ,QRUJDQLF SR
Rl 7TKHUPDO $QDO\VLY DQG &DORULPHWU\ WU
-RVHSK 'DYLGRYLWYV BURSHUWLHYV RI JHRSF

,QWHUQDWLRQDO FRQIHUHQFH RQ $NDOLQH FHPHC
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- 'DYLGRYLWYV *HRSRO\PHU &KHPLVWU\ DQG
JUDQFH *HRSRO\PHU ,QVWLWXWH

+ :X -6- YDQ 'HYHQWHU 7KH JHRSRO\PHU
PLQHUDOV ,QWHUQDWLRQDO -RXUQDO RI OLQHUD

+ :X -6- YDQ 'HYHQWHU OLFURVWUXFWXUD!
VIQWKHVLVHG IURP NDROLQLWH VWLOELWH PL[WX
7(0 ('; DQG +5(0 &HPHQW DQG &RQFUHWH 5HVHDU|

+ :X -6- YDQ 'HYHQWHU 7KH HIITHFW RI1 DC
Rl JHRSRO\PHULF JHOV IURP DNDOL IHOGVSDUV
3K\WLFRFKHPLFDO DQG (QJLQHHULQJ $VSHFWV WL

4LQJ\XDQ /LX (ULF & OROR\ $OH[DQGUD 1DYUR
K\GUDWLRQ HQWKDOSLHV RI WKH K\GURVRGDOLW
OHVRSRURXV ODWHULDOYV

$ )HUQDQGH] -LPHQH] OLFURVWUXFWXUH GH
DVK FHPHQW D GHVFULSWLYH PRGHO &HPHQW DC

-6 -YDQ '"HYHQWHU - *6 YDQ -DUVYHOG 7KH
PDWHULDOV WR LPPRELOL]H WR[LF PHWDO OLQHU

-RKQ / 3URYLYV *HRSRO\PHUV G6WUXFWXUH
LQGXVWULDO DSSOLFDWLRQV



