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Mechanical Properties of Geopolymer
Recycled Aggregate Concrete
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Abstract ; By using industrial waste and waste concrete to replace cement as cementing material
recycled aggregate to replace natural stone as aggregate, geopolymer recycled aggregate concrete
(GRAC) was prepared, and its mechanical properties were studied in this paper. Compressive
experiments were carried out on 40 groups of cube specimens with side length of 100 mm made of
GRAC. The compressive strength of GRAC was researched by analyzing its oxide ratio in raw
materials, water-glass dosage, liquid binder ratio, NaOH content, recycled aggregate strengthen
method , recycled aggregate strength level and curing system, respectively. The optimum mix design
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of GRAC is that the ratio of n(CaO + MgO)and n(SiO, + AlLO,)is equal to 1,0.09 NaOH
dosage,0. 4 sodium silicate dosage, 0.55 liquid/gel ratio. The best way to deal with recycled

aggregates is soaked in NaOH and sodium silicate solution together. The best curing system of
GRACiscuring temperature 60 ‘C ,curing time 4 h. Strength grade of C30 to C50 GRCA meets the

needs of the ordinary construction projects.

Key words : geopolymer ;recycled aggregate ;compressive strength ; micro-analysis
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Table 1 Chemical composition of slag and fly ash %

#E w(Ca0) w(SiO,) w(ALO;) w(Fe,05) w(MgO) w(Na,0) w(K,0) Bede
Wi 43.10 32.26 14. 69 6.19 — — 0.97
IR 5.51 48.54 28.35 2.42 3.01 3.90 0. 96
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Table 2 Chemical composition and property of water glas

m(]k})i%’)/g m(NaOH) /g m(HZO)/g n(SiOz)in(NaZO) pH
50 10 0.47 13.9
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Table 3 GRAC mixture design and its group

o n(CaO + MgO): NaOH  JKIEHS - HHEERE AR SRR JRI

n(8i0, +Al, 0;) B B SREEARSL bR /T [/ h
Ml ~M5 0.8~1.2 0.7 0.4 0.55 C40 A — —
N1 ~N5 1.0 0.3~0.11 0.4 0.55 C40 A — —
WGl ~ WG5 1.0 0.7 0.2~0.6 0.55 C40 A — —
WB1 ~ WB5 1.0 0.7 0.4  0.5~0.7  C40 A — —
ALl ~ AL4 1.0 0.7 0.4 0.55 €20 ~C50 A — —
AS1 ~ AS5 1.0 0.7 0.4 0.55 C40 A~E — —
CT1 ~CTS 1.0 0.7 0.4 0.55 C40 A 20 ~ 100 4

CHI ~CH5 1.0 0.7 0.4 0.55 C40 A 60 1~24
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Fig.2 Low-CaO and High-CaO structure of

geopolymer
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B, MIELS (b) Al LI R KR8 5
BRI e . RIS BRI e I Y
LAk BTy N 5 T HIK IR I, {558 B2 d AR T
C Bhb P74, o6 2 AR ol T IH K e b2

MK 23 T8 1 S Bk B L, 5 8 K 32



CAR Ul

TIRFEAE R A B R BE L A ) A PR RERIE ST 143

DLW 5 2 P T v VAR JBE ) PR B8 25 TG TH 7K
a4 ORIy 7)) i (15 N @ VA B @ U1k A
(LR R T3 Pl RO, A I Bl s, i B L R s AT
N o SR AR BB R Y T Ak B A JBE 2 R
FETF R ) H A B RHR BE 1 TSR B, H
RORWIRAL T C Wb 25 20, 3 i Tk 3¢
WA SR E A RER IS, SR AT R
BT SRAA 75 b 2R 40 126 R B - 1 5
PFRRIRIR T, ROR R AL A TIUL PR R 3 SR
AL BT K B P WA TR, B
500

45%

£ 40t
S
% 358
g“é 30}
—a—3d
25 —e-7d
—A—284
2055 40 60 80 100
FPEIE/C
(a)FRP R E

4547 B Hikb ¥ D fik B 7 A9 £
BT AR
2.4 FIPHEXIERERZME

& 6 SRSl B Xt B ) 1A i R
THURRE R, HPE 6 (a) HFRPR
JE BRI, I EE 435 Sk 20 € 40 T .60 T,
80 CAHI100 T ,F&4PBf S —H 4h; K 6(b)
SRR AP R A5, SR AP ] S350 1 h
2h4h8hAfl24h FPIRESG— K60 C,

50

IS
&

IS
=)

i 3% B /MPa
w
O

W
(=]

25

SR [El/h
(b)3EH A 1Al

6 FRIPH L X 5 R 45 M)

Fig. 6 Effect of curing system on compressive strength

M6 (a) iTLAE H, Bl 753 i R i 4
T, 1R F A B R 5E i B e o 1 2 B
SEH N B AT A B4, 3K 100 BH R 470 i AN 2
7 e B 3 Y %) T R L T SR i SR ) G e
AR RN 3 R, AE Y S 4 I 3 —Ilfs
S 33 I B 2 Tl UK Hh 2R W F R R
TRBE RN EREE Y , i HOK L BN RESE AL,
NIRRT He R B, B 6 (a) Hik al LA
B R RIES B 5 B R 5 R
—5, W 3 d B MR YA R
U 5 R KB B SR IR A 80 T,
WA 7 d F128 d I, B K H BRAE FR
HEZE R 60 T, qFy IR E T 60 C
(80 THI100 C) , MR YA H RHREE L1
JE BRI (7 d A28 d) BT K, A i
e TR I T SR A R A

M K 2% A1 Xof i 3R Wy 5 W) 64 3 B m]

G 1 R e BB A R 1 s I 3t A T AR 3K
H2 BB T ANSBY BRI R K B 5
RAHTH | B Ak, T ST AR TR R ) e
e, 551 BB R YRR R AR W T R
S J U 125 170 e 4 10 T B4 0 40 4 DY T A
A, 33k S it 5 1 ik 4 U TR P 6 4 1 T P
(AT SR AR TE ST AR R B 2R I ek B R L T
BUSERE N S5, 551 BB R R AETE
ST FIr LA KT b 2R 40 JBS 46 B e 11 R 30 i
FETTERAS K, 55 2 B BB SR A I N R
(LI XT 1 2R ) Jc 46 B L 11 i J0 58 8E T R 4K
Ko BTLA,IE 2 T F2 40 il B 0T D2 T M 2R
YA RHR B PR X R T A
214 ()30 BE T LA B 22 (10 K B B [ Ak, B
D 2 B SR SR B TSR (R
FRIIELEE (80 T A1 100 C) £ {fifk & K 4
AR RS TE LT R LI B T 3Nk
P f 5 BE i B 7. Davidovits'' “ fi# 58 —



144 Tk B B OR E eE R (A SRR )

#37 %

A5 5R 7 BRIE 2 e T I 2 AR R R
B R ) R A B, T L o T e SR ) e W
R I 01 R

P 6 (b) S FE 4 i 18] X 3t 58 49 P A= B k)
TRBE USR5, K SR i (] 254
T IR 4 B A RHR 0 3 d SR (HE
B 25 5477 B ) R 38 , 5 B 2 R AT, T
28 d BRJE, fx K5 BUAE 3R ] R 4h
B, P AR SR ] D056k B A R A, X
HH Bt 2 747 s ) A8 B4, 7 SO A e W o B
G BRI 28 P AS IR A e 4L W T PP R R R I T
IR AR R RS KA 48 R N, FR 4 B
Vi) e U % A 4 508 B O A 22, AT - 30 o
A, (SR A IR ] 2 S R R A
AE R RE BRI, (S T A A S Y
AT LA A 45 58 0 P e 4 D T B T4 4
TR AR A T R AR TS 5
A& 6 (b) FT T, b 54 A B TR - 1) A
FEFRPIE N 2 h 53 4 h, 329" 4 h PUE
R EE e i (47.7 MPa) {HAE 9 2 h B9PLE
SR (46. 6 MPa) H [t 4 h (YBEAR, %5 &2 %
AR, FE Tk A== v, e BEFR 4P B[R R 2 h
NEH.
3 BOWAHr

KA HLF B3 BE (SEM) R AE 1l 3R
YA B RRE A P %) SR AR A AE R TR

B RFRIVE S, Il 1 fETE X (EDS ) 20 #r
THALZARI I 7 R

SEw) A e e B

(dyid#A7 d

S4800 15.0kV 15.5mm x5.00k SE(U)

(o)t 128 d
E7  HRY A RHREE - RO AT

Fig. 7 Microstructure of geopolymer recycled

aggregate concrete



CAR Ul

TIRFEAE o R A B R HE R L ) A PR RERIT Y 145

AT () b 3R AP AR RRBE 4 1
1h 1) SEM B R rTLAE H, TR R, R
N A WIKITF4d , o] LB H 20 s g ) SRR
O A 7E SEM A b i HLJG A S i) 5
R .

M7 (b) Rk 1 d B SEM & F
LR B, SO0 JFORHE 23R T 2k, JRURE R T
TR T B AR EEF |, FLARAE A R 280 A 5
ARV B IR — B T =2 LS
BEEFY o R R XA T OK, BOR
REECR 20 T7 5 2 B4 X Be IR 4 A 2%
I EAS BATE M 10 ~20 nm FYBRIEZ544 , 8
it EDS 70 #1 & B, X AR BT R fh 2 e
AR Si,Na Al O, T i /if 9K (4 DL K ok 4l
B 10Tk K B 1 O K 4 1 w0 i R i e A
FAFLE 7 A — 3, X IR E T2 T M R W)
52N I 7K 3 35 e S A T URE R TETATT TR R
BRI

T () IRy k 3 d iFAY SEM & A
ATLAE Y ke L S0 1) 4548 A8 A5 T8 hn 2
%R RN IETESEAT , R a A Ak A T B A
FER AU T AR R AE B Tl K B BE BT Hh ™ 2R
(A REBEIE = 2 E 28 1 A 3 BT L
— AR Ly A R R AR B T R T
P T (o IR 30 4% I & B, ATy SR A7 A
REBERC I BRIE 454 . B EDS (4047 & 8L,
XFPESFI R TC 2 B A T A8k, ot R A
BA Si Na O Fll AL bt 1d B2 T Al
JUE, ULHAR R T i 45 S0 T A & M
BT REEE R L

M7 () IR 7 d BFAY SEM K] R
AU Y, SR W I B Rl 2R 1T T 0%, &
ZIEARTE R — LA, Hh 3R P R TR
+ BT R i A PR AR R T T e X
W LT XS AT 2 B e B, /N R BROIR 4544
EL 2 AN B, T AR =2 B 2 A B 1 1 4%
AREEHE , X A ZR 0% 1 4 I T o
B S D T AN T B B BRR 254 1 i
FHEERE , IR T 25 (] = 2 0 R 454

it EDS 70t & B, Hoou Z A SiNa,
Al Ca Fl O, 33X 15t B 1 2R Wy 1) )2 1o 7= ) 4l
FE ST G BERE 0 R RE AR AL
2R S RE I R B T 1) BRI AL AT i 1 2R )
(28R (R s 5

M 7 (e) SO i 4 28 d B SEM
E R AT LAE Y R R AR 80% , D450
IR T — A, LT ROR G I AR
W, GLEHHL R “ R R - BB DA AR
B, b SR A B R BE - A T i A
2T KIFERT, B R X TR 10 75 45%
Je BB, R 7 d A L 4 Y SR G
WEZNEPZNVINE R L7/ IR N R g
4 G AE—if , H EDS 207 & B C Z 4L
7 d Bf—FE, #FE Si Na Al Ca 1 O, i) B %
AIEBHT ) BT, I R BN 7 R e S A
BT B ZEAE Y 23 B L Al 3R A 1 2R 1T EE

4 4 e

(1) HLZR A P A= BRI E SR A 1) 41
fE¥) n( CaO + MgO) : n( SiO, + ALLO,) A 1
IR SR e i, NaOH 5 & ad /b st Z 46
S5 P T M SR ) A TR 0 A, A
JLH A 0.05 ~0.09, 24 NaOH 15 & Ay I it 1
BT 0. 09 B, o B2 55 K. 7K 3 55 1Y fin
A 3R ) AR RN BE 1 09 PR R
B ARG S 0 S (LR 2 TR et 48
N mOKBEE) :m (W) =0.4 50.5,

(2) 2% H NaOH 2P 19 7K 3% 35 b B A=
R AT DA R B T A B RNRBE - b
SREE R TR O 1 TR B RHE 4R T
R YA B RN L R MR
FORHE 8 0 S5 IR o O R P IR
60 C,FHIEI 2 ~4 h,

(3) 38 1 SO0 o0 BT 2 B, b R B S
TR WA TR B K B X H A
FERS S 5 I B, 44 2 v e AV T B A R
GREAN NN NIOE S rd R 8-



146 TePH S R e A (B R BE R 537 &
) (WANG Qing,KANG Shengrong, WU Limei.
’%%j{ﬁk Molecular simulation of N — A — S — H and

(1]

[2]

[10]

DAVIDOVITS J. Geopolymers-inorganic
polymeric new materials [ J ]. Therm anal,
1991,37(8) :1633 - 1656.

Tt 2 A I SR ek, R IR SRR A R
BB KA 20 VR TR BT BERE[ 7] . R
2#§%,2013,41(7) ;972 -979.

( SHI Huisheng, XIA Ming, GUO Xiaolu. Res
earch development on mechanism of fly ash-
based geopolymer and effect of each
component [ J |. Acta silicate, 2013, 41 (7) :
972 -979.)

DAVIDOVITS J. 30 years of successes and
failures in geopolymer applications
markettrends and potential breakthroughs[ C].
Geopolymer 2002 conference, Melbourne,
Australia, October ,2002.

F0G XN, R B, 5 T YR A
BHETEREM OIS [T]. Ve B SR 24 4

(AZRBLER) ,2007,23(1) ;73 - 76.

( WANG Qing, LIU Lei, WU Changpeng.

Research on Mechanical Propertity of Slag
Based Geopolymer [ J ]. Journal of Shenyang
jlanzhu university ( natural science ) 2007, 23
(1):73-76.)
M R AR R b A A2 RV ) - LR A
HEESEE 0 AN N N o = QS PN e
W) ,2007,35(11) ;1445 - 1449.
( XTIAO Jianzhuang. Experimental investigation
on complete stress-strain curve of recycled
concrete under uniaxial loading[ J]. Journal of
tongji university ( natural science ), 2007, 35
(11) :1445 - 1449.)
MW, AR IREE I A ) 2 ERERT S [ D]
i R, 2004.
(LI Jiabin. Investigation on basic mechanic
properties of recycled aggregate concrete[ D ].
Shanghai ; Tongji University,2004. )
JEIFE NP AR R S A L AR R
MARSE AR [T]. IREEE,2013(2) :59 - 63.
(ZHOU Jinghai, LIU Dan, DONG Jianfei.
Constitutive relation of waste fiber recycled
concrete[ J]. Concrete,2013(2) :59 - 63. )
JEV A AATIEE , da TR . AR R BE LR Ty
RIS [ V], P SR =2 i (A AR
202) ,2010,26(3) 1464 - 468.
(ZHOU lJinghai ,HE Haijin, MENG Xianhong,
Basic mechanical properties of recycled
concrete experimental study [ J ]. Journal of
Shenyang jianzhu university ( natural science) ,
2010,26(3) :464 —468. )
PROVIS J L, RUPERT J. X-ray microtomogra-
phy shows pore structure and tortuosity in alkali-
activated binders [ J ]. Cement and concrete
research,2012,42(12) :855 - 864.

WG TR, it R G MR R T N
~A-S-HFC-A-S-HZHH 5 FHm
(] EESURPRISI,2020,23 (1) 184 - 191.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

C- A - S - H in geopolymer cementitious
system [ J ]. Journal of building materials,
2020,23(1).184 - 191.)

XU H, DEVENTER J S J. Ab initio
calculations on the five-membered alumino-
silicate framework rinks model : implications for
dissolution in alkaline solutions[ J ]. Computers
and chemistry,200024(5) ;391 —404.
PERERA D S, BANCE E R, FINNIE K S,
et al. Disposition of water in metakaolinite
based geopolymers[ J]. Ceramic transactions,
2009,43(2) .218 - 223.

PURDON A O. The action of alkalis on bast-
furnace slag [ J]. Socchemind, 1940 (59 ).
191 -202.

DAVIDOVITS J.  Geopolymers: inorganic
polymeric new materials [ J ]. Journal of
thermal analysis and calorimetry, 1991, 37.
1633 — 1656.

RO, PR KRB AL A R[], T
HLER Tl ,2001,33(1) ;22 - 25.

(ZHU Chunxi, LU Chen. The progress to
recognize the hardening mechanism of
waterglass [ J ]. Inorganic chemicals industry,
2001,33(1):22-25.)

RAEER. CO, KB HbAE AL HLEL Y9 A IR i 72
[J]. $UMTT2,1998(6) :46 —47.

(ZHU Chunxi. Process of understanding the
hardening mechanism of CO, sodium silicate
sand[ J ]. Hot working technology, 1998 (6) :

46 -47.)
RAHIER H, WASTIELS J. Reaction
mechanism, kinetics and high temperature

transformations of geopolymers[ J]. Journal of
material science,2007 (42) :2982 —2996.
OH J E. Microstructural and compositional
change of NaOH-activated high calcium fly ash
by incorporating Na-aluminate and co-existence
of geopolymeric gel and C-S -H( I )[J].
Cement &oncrete research, 2012 (42) :673 -
685.
EWm, TIRTE, BRI, R G YR EE L ik
50 B R RV B IFFE [ T ] T IR £, 2010
(9):39 -42.
(WANG Qing,DING Zhaoyang, HE Tianshu.
Research on development of geopolymer
concrete compressive strength [ J ]. Ready-
mixed concrete,2010(9) :39 -42. )
. PR R BE A B 52 T S — A A
HESnv o AR CI RN o = A PN
FZ) ,2007,35(11) ;1445 - 1449,
( XIAO Jianzhuang. Experimental investigation
on complete stree-strain curve of recycled
concrete under uniaxial loading[ J]. Journal of
tongji university ( natural science) , 2007, 35
(11):1445 -1449.)

(DUTSmE AR TN FOCHRG T2



