FRE R 22 SR ZA] China Journal of Science and Technology, CIST F2E H3M 2026
Doi:doi.org/10.70693/cjst.v2i3.1980 Vol.2 No.3 (2026)

% TUH W P SR AR R T B R b ) T Sk e S S L A

T, ER Y, R
L2 TR, EAREFER, <R MR, 232001

WE: NN @A E . RS, ASCUIMEE (CP) AR, § (GBFS) SHHIK (FA)
N BERL, RGEM TR R YA G LIS AR (AAMSs) BEGEIS 18] & )5 PEBE RIS . B TR SR 5
LI 1) 52 &% SEM A, #8787 CP-GBFS-FA = ufh R FIYsEAIE . 25 KM 4l CP R Biys PEARAE, 28d i
JEFREEAL 3.5MPa, 24h N TGVERESS . BH GBFS 15 FA B850 B4R, HURREERIEIGK, BEaim ) Frt4ifi, C4G3F3
ff) 28d PUEIRE L 46.3MPa, #]. Wk E] N 38min 5 49min, & TEAEHE. CP BEILT 30%, SR BRI H
F B, C3GAF3 HILHEE (22min/25min) , ok 1.

B T, B BTV PUESREE: RS

Analysis of the mechanical properties and coagulation mechanism
of coral cementitious materials modified with multiple minerals
and enhanced by alkali-activated

Jinyu Hao'*, Ziyang Wang!, Tianle Yang'
1. School of Civil Engineering and Architecture, Anhui University of Science and Technology, Huainan,
Anhui, China, 232001

Abstract: To address the challenges of high transportation costs and long supply chains for construction materials in remote
marine environments, this study employs coral powder (CP) as a cementitious material, along with ground granulated
blast-furnace slag (GBFS) and fly ash (FA) as mineral admixtures. The effects of different mineral combinations and
proportions on the setting time and mechanical properties of alkali-activated materials (AAMs) were systematically
investigated. Through compressive strength and setting time measurements, along with SEM characterization, the synergistic
enhancement mechanism of the CP-GBFS-FA ternary system under alkali activation was revealed. The results show that pure
CP exhibits extremely low reactivity, achieving a 28-day compressive strength of only 3.5 MPa and failing to set within 24
hours. With the alternating increase of GBFS and FA content, the compressive strength continuously increases while the
setting time progressively shortens. Among the mixtures, C4G3F3 demonstrates the best overall performance, with a 28-day
compressive strength of 46.3 MPa and initial and final setting times of 38 min and 49 min, respectively. When the CP content
falls below 30%, the strength gain diminishes or even reverses, and C3G4F3 exhibits flash setting (22 min / 25 min),
rendering it unsuitable for construction.
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IR (FA) S5 ERE, ERBUR NIRRT B, RE, mi A, IRRFENS, A8
AR H KM KM . BREE SISk (CP) , FHT-Hl% AAMs, W] HpE A3 5 A7 5
Ji5 AAMs %, BA TREESENE. R, WHHUE T, HSETERK, RERMNM
WY E, FEUPIRL R ME LU R TREEDRE, JEEEoR, BFE ERE Y Y5 S B AAMS 1
RE. SRIM, BUERTT 2 RAER—0 VWOt sn, XT 20 Wi F o m R A 75, FealdZoc
WA R AR BN P Bk ] DA S A AR ) 1 e, O TENLEE MR A3 B R el P, 25 |,
AICLA GBFS 5 FA AW #1456 KL, UL CP NREH KL, RGN F PG KL LLXT AAMSs Hi3)
PR BEEEIT E] S 2 E B R R, S5 A RO R AE T BB R 2 0 W SO S o e R A% 2
Wigs RS, DU AAMSs PR AL 5 TR R 3R pE B R AR 4 5 BOR S
1 SEAR S5
1.1 SERAE

FREBERT LR FHIT AL B 72 A PR A RIS AL CP, 1% CP &0d L6 S il SERBETAL 3, &R
F 305m?kg, HALZER WAR 1. Y0 INRKH GBFS 5 FA, 2@t H152 4, GBFS
5 FA LERTAR 5370 9 408mP/kg 5 303m?/kg, 22 WK 1 Fros. BUK AN NaOH, K H 44l
B PG 223 A A BR A IS4t 408 RR FTEDeG D, 404 1.8,

xR 1 FEMEHMLERT (%)

Table 1 Chemical composition of raw materials (%)
JEAEL CaO  SiO.  ALOs FeO; MgO NaO KO Others  LOI
CP 70.88 1.23 0.27 0.16 054 0.62 0.21 1.76 2433
GBFS 3646 3251 1954 086 589 047 035 2.07 1.85
FA 1.73 5545 3041 577 125 079 028 254 1.78

1.2 LW
1.2.1 Fe& et 2k E & 5774
BeA b Bt 2 fis, C10 R4l CP. C8GIF1 & C2G4F4 B 4: 42 %1 Kk GBFS 5 FA B &,
DRI E A 348 R I N IA ST . PUIE R R B SRS NS . i H & (C4G3F3) H ek
CP. GBFS 5 FAJR&HE], BT 13-5 BUFENL, TIARP 57K, S 30 #b, FHREREE 60 5,
B E 40mm>x40mmx160mm =B, IRahpAL, FEPIREE 20°C, ¥R 95%.
®2 BELHEI (g
Table 2 Mix proportion design (g)
ETRe] CP GBFS FA NaOH /K b
C10 450 0 0 24
C8GI1F1 360 45 45 24
C7G2F1 315 90 45 24
C6G2F2 270 90 90 24
C5G3F2 225 135 90 24
C4G3F3 180 135 135 24

C3G4F3 135 180 135 24
C2G4F4 90 180 180 24

225 1350
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ZWOK PSR SR FERG I 7 (GB/T 17671-2021) M, JKYBAREME . Beghmt(a), 2@ ity
% (GBT1346-2011) BV JlHEAT U 0 5 S I 1R) S 8% o R A 22 0 TR o ik H AR H
37 FlexSEM1000 2 & 4714 o1 WA 70 il 64T SEM 7347 .
2 SEWERS5GT
2.1 PiEBEST

i 1 FR, C10 F747 24h JE N TRIEIA BIHRERAEE, 3d PUEREMN 1.7MPa, 28d 5 60d 437
4% 3.5MPa 5 3.8MPa. 2k AAMs PR REREAL, HEHEEMER AR RA
JREZE T CP B SR N FEPEAR, HEE S50k, H™ERZ M. BEE R %4 T,
W DU BOKARERRES (C-S-HD BUEEFRIREY, (C-A-S-HD BER, Joidif @ rom e,

£\ 10%M1] GBFS 5 10%[f] FA, C8GIF1 PLERE R EIRT, 7729 1d 5 3d 43)lik 2.7MPa
5 6.2MPa, 28d 5 60d #k— 1% 10.8MPa 55 12.6MPa, # C10 Z#EH K, F W CP. GBFS 5 FA
SHZ AR ENE A ERER . 40 CP N Z iR MEREER A 5, B 7E SRARI R T M LA B
=), M GBFS 5 FA & &5 Si02 5 ALOs, fEFRIRIMUK %1 MR, BUERRR S MRS 1
7, HibRIN, CP B E S REIEHRAC, (AHE &1 Ca? EMII P S8V . W fEAH T R A4
RIRLAR R, AL R UK ACEERRES (C-S-HD SHEEFRRES (C-A-S-H) NEMAEMSIE =B, 1
Ab, GBFS B REGH, TETEREWHE (1-3d) , FA NGRS, FEUEEs 5% 4, #
— LA IR T S IR (28-60d) o PIE TR 45 G P A s iR, SRR TR AN CP s A5
BRI E, SEIBREE N 24h ToVESRARE I 2 TR R A BRI BT o

B& GBFS 5 FA B & BT, CTG2F1 £ CAG3F3 Fi /558 ¥ 74 i F K, B IGIE 30%-50%.
C4G3F3 779" 1d 5 3d 73 5lik 15.8MPa 5 26.9MPa, 28d 5 60d #t—*51 % 46.3MPa 5 53.5MPa, iX
FURFLE K GBFS 5 FA B W IR PR . GBFS 5 FA ME BB EHE
FORLRBC, AU TE A R IR 7R LR, 2 E iR RIS, iRk R R R . FA BRI X
RIEE, ARLE RS G LS 5 RN, 3 — A SRS L C-(A)-S-H BER, 4ifbFLEH .
b GBFS 5 FA B®[FEHN, —FHAF ] GBFS 5. )5 ] FA 78 (0E S I N s L LB,
GBFS g B 50 A PRSI K, FA M@ RRERIA R 5 IR N, RE 42T 28d K 60d 1 158
R, fESPFRAHIEEA, BT GBFS 5 FA BEAMUKEIG A, i@ vhE% %, 5
R 7S S ROM AL, ST 0 I B R KT

SR1M, 4 GBFS B EITH % 40%, C3G4F3 HE5RZiAF] 16.3MPa (1d) | 27.5MPa (3d) « 50.6MPa

(28d) 5 57.4MPa (60d) , %t CAG3F3 BASAH — @G, 5 [F] RS IR [ 2 5%-10% 18], 117 CAGAF4

PUE TR EEL C3GAF3 M A TR, X R FFEE K GBFS 5 FA B8 IF R RFEEEAC CP 55, I
REETCIRFZ TR SR, HARAJF EITE T CP. GBFS 5 FA =3 2 [ 477 Hip [ 48 55 ) B R IE L IX 1)
BARIM S, CP nIHARBRL R, fEmIihE e, RN R E SRS, i85 GBFS. FA BN
T VB SR AR BB B R R A5 4 5 A, AR B B G KO, 2 CP 8 e R I (W1 C7G2F1 % C4G3F3),
CP MY Ae 4Rk RHER B SLIE, IBBEN GBFS 5 FA (45 R N R 06 B () A% A s, Al GBFS 5
FA FF4:5 5N, AR C-(A)-S-H B, UL & 2 KTt

ST, C3GAF3 [1) CP B R Q[ % 30%, HIEIMYHEETE S ARUKRE I T, Bk
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Fig. 1 Analysis of compressive strength
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C-(A)-S-H BEfE, AR TH45 I . B GBFS 5 FA R FFELRTE, M CTG2F1 & C2G4F4, ¥
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SiO4* Al AlOs* 45851, ik Z 5 C-(A)-S-H BRI HUZ 54K, MHELZ N, FA B8 14 e N R
H—E MZEEHE, FA B2 8UR M BRE BB AR 21, A8 REVEAR, LRI K 71 Ca*

35



B2 Ui ERE

TERAUR R, L2 T 48R RRel, [FRF, FA RIINEAA R R KL, —ERE ERmET
BARLARFR A B AL 5, HLILERTE BURLAE AR R TR BRON,,  EE S5 I 3 A AL T e A K g 5 I
[&]

KL, C7TG2F1 % C2GAF4 (1) 2% Bkt [B] 58 B 4 6 S B b2 GBFS R BN 55 FA RS2 5ER8N
MEZE. %S4 R . CAG3F3 Yl 5 25t (7] 4 3128 38min 5 49min, AME & RIFIHLE
SRJE, T ELREE I R AR, B R TREN PR i T SRS T Z AR DR SR,
R C3G4AF3 AT MPURMAEE, HA)ES 28t [0 5 S 455 2 22min 5 25min, RIHHE
BRI, AR ARG R, Tk Te SEbr TAE P RO RiRE . 85, WIS % S0 A 45 0 1
FPo XU, ER GBFS 55 FA [P FEIB N RENS BE 52T J1 22 Mk RE,  (HEESE I 1a) (vl 45 1 ) A 2 T
FERMATHE R B A A, W ZRE SR R e 5 it A5 AR 1 2 [a) - 5R & BRSP4

122 Pk - 2k

120 o

88
65
= 49
3 I
= [38 31
35 25
Bl [

S N N 4 4 > <J D
cHFHFF &S SS
(S S SN S I V4
RS

B 2 BT

Fig. 2 Condensation law analysis
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B S (40 SRR P2 . BORE 2 A LA o 2, B Z IR R B, AR R E T E LR 5
Sk, CERINCNBRRN . X — OISR IE 53 24h N TCIEEESS . 1d ToIR ST PR 58 1 25 R B8
—H, UESEAl CP & &R i Z i YEREER AL 5, TOIEA SUE R C-(A)-S-H #E, TUKIEYIEEHER VLY
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W 3(c)fTR, GBFS 5 FA B E 30%, C4G3F3 W KEIES:. 8% C-(A)-S-H BERAHHAL
UMK, CP Bkl B R 2 5E, FA BURIR AR A R, 505 25 O3B O i R = IA
7o, JURLIE [ SR UG S TR . FLER R E AN B A o, A AE] Bk, SR X U
X —TOAFAE 5 3 28d PR GRSE 46.3MPa (17 RAFPERE FEXT R, RTEE HACH T, CP #2455
5 GBFS. FA $2LiS MEREERIA B R UF 1R NUCED, 48R =P 7e @ By A s], TR T 805 ol
RS W 3(d)FTR, REGEE-DEETREZ, AEMBMEEE TR, 55X 5
PRIt HE AR I AR =, 1 5 — 2 DX S U A E 2R 78 43 [ BE ¥ CP JORE J K 23K Y FA ik, i
RilE) FLTHTE M . S5 A EL. ORI Z, BT CPBEIK, HRARZ SN IES MER &L
P, BB I I AR FLRR . 2O RS S PR RS C3GAF3 RIS —5, Ui
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