+ 182 - Multipurpose Utilization of Mineral Resources

W EEaNA

2024 4

BRIy BRI IR 5P 71 Ve Re e S TR e -

o', Tk’

(1. 2EPAERMLISARZARRE, FO)Il 48PH  621000; 2. JRIRIBAY, Z|EFK 400074)

WE: XR—IRMEERE GRS . SRR BRI TS (ASFG) BA R IHME .
i PR B S A S B, (HME MR . BIME E S SR L HE S S H . et ASFG (11468 HL4A % 7T R T ASFG
MY B AR, DRSS . BB, AR RERA N . BB AR RN TR 5B okt
PRL, WEFE T HXT ASFG J1 2 RE I RUR, e T REIRONEESU A R . HERAIR R RN ASFG /1%
HEREMBCEER, WHA T REIRB RN ASFG J12AERE MR, JFafie TRERIEESB R, B, fl& Tk
W B B IR -RE K M B R A iR &+ (ASFSGC) , FFWFt 7 K T/EM: . HEFS st fiiisst. 5%
Wi: B2 BEICRR . BTURKIRES . REKDURIE Y15 & KL% ASFG FIPLHT #8FE B A W W3R AR . RECA
M BB B AR ASFG BT ERE LA B ESIR. X ASFG IS, KR MRy 9E 5
Bl BEEREKBEIEKR, ASFG W/ MERE I RGN, BERBEB BN 4%. ASFSGC R RIFH L
R, Rt tEge, H ASFSGC BIIEPEE @R EhK ViR S LI 17 14.1%.

kIR MERE SR, MR EREK, HRREY,; REL;, TYBER, K

doi:10.3969/j.issn.1000-6532.2024.04.027

hESES: TDI89;TUS28 HEKFERE: A XEHS: 1000-6532 (2024 ) 04-0182-08

SISk, (IR A, BB AN B M 53R W0 0 2 e SO S R R BELD). 07 LR FIUAT, 2024,

=
o

45(4): 182-189.

MA Wei, HE Zhaoyi. Mechanical property modification of alkali-activated slag fly ash-based geopolymer

and its concrete property[J]. Multipurpose Utilization of Mineral Resources, 2024, 45(4): 182-189.

R 2 R — R R SR R RL, LR
R Z I T R E PR, AR SR %
PR R R RIRE, 2B = R 5 H
LB, SRR A WIRERE D BAPIE . 1
EOPME, RO, BAMIER R, BT
VOO I ST KU ) 5 1R
2, AT, R AN P
SO B ATR AR, AT L
T LT BOKERL. BROVKE . BB
BOPERERY, PR MR 2 RS A
REBET,

AR RER AR KV, RO LB B b

WFSHER: 2023-06-27

B AR RS, T B SR AF 8 TlkE
PRI B SR AT W R IEOR ] fE
eI A, FRARBRAE b REVEAT B AR 5%
WA BB SR R R 2K U8
R T ZAE, WA AR e R R £ KU Y

PERE, ROy e R £h /K e TR e B 2L
U I, 5SS AR R R Hh KB

FIm A, RSB BUR &, DA seEl
WHUR &M 1R RERI G . HILRTK 5 &
BERL T3 5UR & YRR SR B, H R AR
HAERE . By Bk AR T T

98 AT T R R S T Y B S

BEE&WA: EREARRFIES (51978116) ; PUJIIEHETHH (18ZB0307)
EE@N: D4 (1984-) , L, Wit, PR, BRI A NS TR H b TR


https://doi.org/
https://doi.org/
https://doi.org/

54 W
2024 4£ 8 A go

Pk BT R AR A ) P B R LR A . 183 -

BEFPZE, ARSCRA s a8 B
eE R AT R B R A AN REE K N R 045 B R Xt
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P, WHE T B SRR ASFG 7728 M BE Ry etk
RO, R T RERKCONIR AR R . NIRAIR R
TEIR X ASFG J12# M RE I SGEER, BFAL T REK
X ASFG J1#PEREII RS . JREE Tk, %
TR R T R K - K M RS A TR
(ASFSGC) , WFF T HTAEM. #EFE 1%
AFTiBE,

1.1 SLIeMR
#1145 ASFG HIAT R FE R E ORI B dERS

B ARIGR KA B E KL #il % ASFSGC 1
POBMEL AR BRI PO . BEEMRE . AR, K
B G RAERL . BRI 4 NaOH (fp
K | Na,COy CHPIRD » rdfrddi. I BErt ke s
WIBFIR K . W8 KBS &, R
9 491.6 m’/kg. KM WA T HESKR . WER
MR 2 R LR 1. ARl = R RN
CBRD 5 P,Os=57%, NagP,0,0=90%. 7K: ¥
FHEKK. TWBERERERER . s 1.
WA B AR AR R RS, kAT
W 2. HER: AXKAEWA, KifE 5~10 mm [
AT 15%, Fife 10~20 mm FIEAT L 85%.
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Table 1 Chemical composition of slags and fly ash
A Sio, AL O, Fe,0, CaO Na,O TiO, MgO K,0 P,0; SO, HoAth [N
ik 29.2 19.4 5.8 38.6 0.2 0.6 2.8 0.1 — 2.6 0.4 0.3
BBK 458 214 12.6 13.7 1.1 0.2 1.3 1.8 0.1 1.9 0.1

®2 WEAREVRE/um

Table 2 Particle size of mineral admixtures

R it Pk Rt RO RRURIRYS

0.1 10 10 75 15 10

WYIBEEL ASFG-TO AZPEXTHRZ, BB 4.0%
MIREIRE AR (mOB K :m(B¥#5)=0.6, 5
MR, MIBECLLARFD 3 HARBASLIRH, fwm
Wy W T L BRI AR R R A

1.2 i HHIE ETBERNBEYN 4.0%, HEXKNEBERN
ASFG fll ASFSGC it &b WL 3. 2.0%~8.0%.
4. Fh, ASFG-KO AN EXfH, HEIRBM
%= 3 ASFGiAHHIEL AL
Table 3 Mix ratio of ASFG specimens
e BWBE mEteoz: DM Naom)y:  miti:  mS R w0 £k:
WIS Chmk momebti) ST mNaCo) m@)  mOREEHE)  mOzEH D
ASFG-KO0 - -
ASFG-TO  #/ER. #¥
ASFG-M v U
ASFG-Z WAk 0%
ASFG-B JgiE ‘
ASFG-W TR Ay 6.0% 2.8 1.3 0.6 0.4%
ASFG-C 12 PUBRBRES
ASFG-SF2 2.0%
ASFG-SF4 — 4.0%
ASFG-SF6 oK 6.0%
ASFG-SF8 8.0%

ASFG MMl &M T (D K.
WK, ZBBBRMNAT MBS ENE S Bk

51, R ARA.  (2) K NaOH Ml Na,CO, &
Fo T E KSR A A AR, R S, fF
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AUMERERSER. (3 RAGEHBEEE A
AR A HBFEI S, T2 40 mmx40 mmx
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#F 4 ASFSGC iXHHIFL &L/ (kg/m®)
Table 4 Mix ratio of ASFSGC specimens

W YK NaOH Na,COy B0 WEf7 /K = REEFREN fEK

304 183 17 13 5831037 184.6 1.95 19.48

ASFSGC XM H & 2], (1 « (2 5
ASFG X fF—8, HI o mBa&ratKk, =
N A%, (3 FEb. WA IABERENLEEFE 30 s.
(4 12 WM SRR 305 (5 Fhyr

R AN RN FE 30 5. (6) K4 1/2
NI FENLRERE 30 5. (7)) B &% A H
H, R85, A, 734, ASFSGC 45 150 mmx
150 mmx150 mm 5777 & AF . 150 mm>150 mmx
600 mm 5 A AR AT B A28 175 mm, ST
BEAN 185 mm, &N 150 mm [ [H & AR 4+ .
13 ZWrHEE

ASFG SR $2/8 CRK U IERD o S A8 56 77
% (IS0 ) ) (GB/T 17671—2021) H#i 5& Wl
W ASFG MR, SelliAidm s £, i Ja (i
B PUESEEE £ ASFG i B R 52 56 45 L UL
x5,

&5 ASFG BY58FEE MK LI L5 R/MPa
Table 5 Strength test results of ASFG

RS W BE R S Sesa Jr7a Jera Sr284 Se-28d
ASFG-K0 - 3.53 18.13 4.12 27.20 4.43 44.19
ASFG-T0 IR W 3.88 19.08 451 31.32 4.82 48.38
ASFG-M i iU 3.28 19.02 3.88 29.98 4.25 46.17
ASFG-Z WE R 3.62 18.39 432 28.19 4.69 4527
ASFG-B Jgzi 3.97 19.39 5.01 28.79 533 4733
ASFG-W FEIR A 4.09 19.60 477 33.44 5.52 49.71
ASFG-C BB ES 4.11 18.99 5.11 28.27 6.02 45.72
ASFG-SF2 3.94 18.35 4.87 30.19 4.95 49.57
ASFG-SF4 4.13 20.78 5.40 36.95 6.43 54.57
ASFG-SF6 itk 4.09 22.24 5.23 36.01 6.37 55.14
ASFG-SF8 3.26 21.65 427 34.97 432 51.47
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Fig.1 Effect of mineral admixtures on the increase rate of
flexural strength of ASFG at different ages
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Fig.2 Effect of mineral admixtures on the increase rate of
compressive strength of ASFG at different ages
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Fig.3 Effect of silica fume content on the increase rate of
flexural strength of ASFG at different ages
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Fig.4 Effect of silica fume content on the increase rate of
compressive strength of ASFG at different ages
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Fig.5 Strength volumn ratio of ASFG with different volumn
of silica fume
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Fig.6 Micromorphology of ASFG

2.3 ASFSGC HIEAKMEEE

ASFG 7E T2 52 A 10 B 32 22 DLV & 1) %
X, HIET AR5, Hl% 7 ASFSGC.
FEXF ASFSGC By AVEREHEATHE 7L, B4 =771
I 2R (1) FreiRsEvERE, 3248 TIEMH;
(2) RS IR, DK T ARHEFRY 3. 7. 28d
) ASFSGC B8 BERENE, 408 7 N 77 A8 i 2k,

TN FE VAN T R &5 e (3) Tif A,
F B PTB
2.3.1 ASFSGC I e

ASFSGC TAEMEMREE REH: (1) #h

Y. BHEEEDY 188 mm, i 2 KR AN MR L (3}

WE>160 mm) MIZER.,  (2) KR HigER
B2 ry DR BB PR IR B AR, TR BRI
JAB M T UT, UL R R 4. (3) fRK
PR AR BT B TR B R AR 2T R SRV
PR E ARG, TRIEARTLREK, YLK
PRI, BT W, ASFSGC SZ¥l T,
R, A= HEA AL —, SEERE KR
VERIBEERTRIAR L, ASFG B8 5 T S8 s TAFEE
2.3.2  ASFSGC ks 11241 A

ASFSGC #if & S5 M RE sz IG R B, s
ASFSGC R I8 TH ¥ 72 STl & k), B0 HBLE R
R, HICATAEW EHiE, ASFG #3515 kHial
) S5 T KRG 45 M REAR S . ASFSGC Hidfr. ik M B
PLSEI MRS LK 6.

%6 ASFSGC Hiifi . HERESH SNt 4h
Table 6 Flexural, compressive and splitting test results of

ASFSGC
WA PITHEEE/MPa PUESRE/MPa  BS R E/MPa
3 3.27 19.59 3.87
7 3.66 29.37 4.12
28 4.83 42.89 5.13

MR HEFF S PR SRR, 133 T ASFSGC )
A RAZ 2, FoR S FISE SRR AE S (S 28 d
PSRN 39.84 MPa) 15 fit ]2 £h 7K Je R sk 1=
(Ordinary Portland Cement-based Concrete, OPCC)
BEATRFLE, W 7. %A%, AH%EF OPCC i
H, ASFSGC AABUFHIENE . & LFAPUL®
JE 3 B AR RAB I 0 R B3R N e, HI AT AN,
E5,c(ASFGC) =0.0017, E5,¢(0OPCC) =0.00149 L)L 113[3 ﬂE ﬂ\j JE ﬁ
MIPF IR HE, T ASFSGC M5 2 OPCC 12

T 14.1%.
50 ¢
—— OPCC
40 -+-- ASFGC
[+
& 30+
=
= 20t
E

10+
0t :
0 0.002

0.004 0.006 0.008

s
& 7 ASFSGC 5 OPCC BRI T phZxt bt

Fig.7 Comparison of stress-strain curves of ASFSGC and
OPCC
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IR, F 1A% 3.0 MPa 5, A4
#EK, WA ASFSGC HiBEH Pasroc>10%3.0-1=29.
MR 5, PUBEH=P6 (IR E: LAl FoNPLE
TREEL, W ASFSGC &PiiziREt - (2) KHEBK

fo BEVE AT 3 — 20 A 9T, R R TR 3 B AR I 45
K LS R UL 7. 3R 7 AT %1, ASFSGC )
SIBIKTEEN 9.2 mm. ZE4 %0, ASFSGC H
AR FHPSE

%7 ASFSGC WiBkEE
Table 7 Water penetration height of ASFSGC

R = 1 ) 3 4 s 6 7 8 9 10 VBIK E E /mm
ASFSGC-1 14 12 9 10 8 11 14 11 12 13 114
ASFSGC-2 7 7 6 5 6 6 4 6 4 4 55
ASFSGC3 10 1 9 8 4 7 8 10 12 83
ASFSGC-4 12 13 11 5 8 6 7 7 6 8.2
ASFSGC-5 19 17 14 13 12 13 s 17 19 20 159
ASFSGC-6 8 6 6 5 7 s 3 2 4 7 53
g ASFSGCIRFFI~F 35758 7K i B /mm 9.2
3 & @ W) P45 2RI, 2019(1):83-87.

(D B XA BRRRE . K
VUFNE™ 4045 & KX ASFG HIBLdrom B B A U 21
PR FERKAK S HEK PR Y5 AR ASFG
(e e i B B A B 2 1 9 AR . BE KN ASFG 77
PR RE I PR U R A

(2) X ASFG Mi &, FEXZE—FILIRT Y
Hkl. BEEREKIB R A, ASFG 171568
K JF U, KB EBEN 4%.

(3) ASFSGC BAH RIUFr) TAENE, 2 TR
Pk, KR SRR =J7 A% —. ASFSGC
(10 %E 14 %% 3 e el R R K Ve VR RE LR T 14.1%.
ASFG #H R Ak 25 et 7, ASFSGC
BAHMR SIS
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Mechanical Property Modification of Alkali-activated Slag Fly Ash-based
Geopolymer and its Concrete Property

MA Wei', HE Zhaoyi’
(1.Mianyang Polytechnic, Mianyang 621000, Sichuan, China; 2.Chongqing Jiaotong University,
Chongging 400074, China)

Abstract: This is an article in the field of ceramics and composites. Alkali-activated Slag-fly Ash-based
Geopolymer (ASFG) has excellent properties such as high early strength, acid and alkali resistance, but its
large brittleness and poor toughness affect its popularization and application. In order to improve the
properties of ASFG and broaden the types of mineral admixtures that can be used for ASFG modification,
six kinds of mineral admixtures, including metakaolin, zeolite powder, bentonite, wollastonite powder, light
calcium carbonate and silica fume, are used as modified materials, and their modification effects on ASFG
are studied. The optimum modified material is silica fume. In order to further explore the improvement effect
of silica fume on the mechanical properties of ASFG, the effect of the content of silica fume on the
mechanical properties of ASFG is studied, and the optimal content of silica fume is determined. Finally,
Alkali-activated Slag-fly Ash-silica Fume-based Geopolymer Concrete (ASFSGC) is prepared, and its
workability, quasi-static mechanical properties and impermeability are studied. The results show that
bentonite, wollastonite powder, light calcium carbonate and silica fume can significantly improve the
flexural strength of ASFG. Wollastonite powder and silica fume can significantly improve the compressive
strength of ASFG. For ASFQG, silica fume is a premium mineral admixture. With the increase of silica fume
content, the mechanical properties of ASFG first increase and then decrease, and the optimal content of silica
fume is 4%. ASFSGC has good workability and excellent impermeability, and the ductility of ASFSGC is
14.1% larger than that of ordinary Portland cement concrete.

Keywords: Ceramics and composites; Alkali-activated slag-fly ash; Geopolymer; Concrete; Mineral
admixtures; Silica fume
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