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Analysis of the mechanical properties and coagulation mechanism
of coral cementitious materials modified with multiple minerals
and enhanced by alkali-activated
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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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JESAA S AERR, M AL B0 (an A6 T I RSO B A 2 T8 o BSOS A BH(AAMs) LA 5 (GBFS)
IR (FA)SE [ 2 N R, FERUR NI RTEHUR Bk, B GR. miiA. RmSEm s, SR
W AERR #hK e o K IIIRE . BREE IS IR (CP), FH T4 AAMs, AR IE R B3RS
AAMs %, BA TRESESNENME. Rif, MR LS NE, E58EE5EMRE, BE NG
AR, FERLBREAE DO R TREE0RE, Jraesk, o ii@dy wis & el AAMs YERE.
SR, A2 RER— Y g 58, T 20 Wi FE Xt st e A 78 5, Rl 2 oo
AWK VE . BEES RS E] DL SRR )k Re, HONTENLEE MR BRI R AP, 25 b, &
LA GBFS 5 FA N0 W15 G KL L CP AIE KL, REHEFA RN WA A KX AAMs s
BEAE Y ) S 1 VERE RIS AR, 25 B TROUL SR AE T BE A 7 22 0™ W SOV X B R S 3 i I =
FIRIRFENLS], AN AAMSs PEREILAC S TRE B $2 AL BRIk o 5 H R S
1 SEWAR Sk
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. 00 INRKH GBFS 5 FA, 2@t H52ft, GBFS
5 FA LERTAR 5370 9 408mP/kg 5 303m?/kg, 22 WK 1 Fros. BUK AN NaOH, K H 44l
P8 250 TAHBR AR ML AEkRER B G, 40 R4 1.8,

xR 1 FEMEHMLERT (%)

Table 1 Chemical composition of raw materials (%)
JEAEL CaO  SiO0.  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 ot E & 5774
BeA b Bt 2 fis, C10 A4l CP. C8GIF1 & C2G4F4 i3 4: 48 %1 Kk GBFS 5 FA B &,
AT E B W96 R NS . PUEIREE K R SRS LR 52 . 1l 45 (C4G3F3) 1 56 %+ CP.
GBFS 5 FAWRAHIE), BT 11-5 AN, AR SK, Jeiehi 30 #2, BEPusBiee 60 #2, Wz
40mm>x40mmx>160mm =FeAE, HRENRH, FEPIRFE 20°C, 1B 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

1.2.2 FEHROWERE Hr
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(GBT1346-2011)173 5l 147 Bt Fs 38 5 15 ¥ &5 I [B] S8 o R 22 B8 1 K22 43t ik o0 H A H A
FlexSEM1000 7Y &5 204348 f 7~ 2 U8 73 0 2647 SEM 73 #r
2 SEWERS5GT
2.1 PiEBEST

i 1 FR, C10 3747 24h JE R TEIEIA BIHRIERAEE, 3d PUERREMN 1.7MPa, 28d 5 60d 437
4% 3.5MPa 5 3.8MPa. 23k AAMs MPUERREREAL, HEHEEMER AR R4
JREZE T CP B SR N FEPEAR, HEE S50k, H™ERZ M. BEE R %4 T,
M DLAE KA A BR S (C-S-H) B RE AR FR A5 (C-A-S-H) &bk, Toidk A R i ),

£\ 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 2K, F W CP. GBFS 5 FA
SHZ AR ENE A ERIER . 4 CP B Z iR EREER A 5, B 7E SRARI R T M LA B
=), M GBFS 5 FA & &iftE Si0x5 ALOs, fERRIRMUK KM MR, BEIRAR S HR IR R T
7, HibRIE, CP B EH SR EEERAL, HHE S Ca EMIA S P 189 . W A R A4
AR TR, TR AR DA K AR R AT (C-S-H) -5 E AR R 415 (C-A-S-H) v £ 1 AR S BB =41, ik ok,
GBFS X Wl R B, TETTERE IR (1-3d), FA RMIETERZE, BEFS:s 5% e, #— 5%
SEEE R IEFE T 5 IR (28-60d) o PHAE TR IUAIAR 45 & P A [ i X, LA 9R%h CP & F B ER A 2
SEHLHRE A 24h TOIEIFIE R 2 CARFEAR LRI AL .

B& GBFS 5 FA B & BT, CTG2F1 £ CAG3F3 Fi /55 ¥ 742 i FH 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
FURLRBC, AU TE A R IR 7R LR, 2 E iR BRI % S, TRt R R R . FA BRI X
RLEE, ARAE RS G IS 5 RN, 3 — 8 A SRS L C-(A)-S-H BER, 4fbFLEH .
b8 GBFS 5 FA B® BN, —FHAF ] GBFS 5. )5 U] FA 78 (0E S I N s L LB,
GBFS g B 50 A PRSI K, FA M@ RRERIA R 5 IR N, R E 42T 28d K 60d 15 158
R, fESPFRAHIEEA, BT GBFS 5 FA BEAMUKEIG A, i@ vhE% %, 5
RIS SRR AL, ST R I B R KT

SR1M, 4 GBFS B EITH % 40%, C3G4F3 HiE5RZiAF] 16.3MPa (1d) | 27.5MPa (3d) « 50.6MPa

(28d) 5 57.4MPa (60d) , %t CAG3F3 BASAH — @G, 5 [F]hS IR [ 2 5%-10% 18], 177 CAGAF4
PUE TR EEL C3GAF3 M A TR, X R FFEE K GBFS 5 FA B8 IF R RFEEEAC CP 55, I
RNRETCIRFZT UL SR, HARAJF EITE T CP. GBFS 5 FA = 2 [ 471 Hip [ 48 55 ) B R IE L IX 1]
BARIM S, CP nIHARBRL R, fEmwliaE e, RN R E SRS, i85 GBFS. FA BN
T TR AR R S AR B R R R S AR S ), (R R P B UL, Y CP B 7 R (W1 C7TG2F1 & C4G3F3),
CP MY AE 4Rk RHEA B SLIE, IBBEN GBFS 5 FA 45 R N R0 B () A% A s, Al GBFS 5
FA FF4:5 5N, AR C-(A)-S-H B, UL & 2 kTt

SR, C3GA4F3 [) CP B I % 30%, HARMLIWIEE R 54 BOR e S T, RIfE4k

22380 GBFS 5 FA, W T 6= @91 CP RGN A, S GBFS 5 FA (ks M IH 7 EH
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Fig. 1 Analysis of compressive strength
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WK 2 frzR, C10 7E 24h N ETRIA BRIP4 BRIRAS, SHIRY 1d Tk rpi s o B 1) 2% W
FEE—E, HPUERAR R R T e S REEAL Y, RS RS, LA RO
B C-(A)-S-H #tke, R JeikSEHLIE 7 Btdh . 44BN 10%) GBFS 5 FA J5, C8GIF1 f#)it5 2it
i} (8] 43 5028 88min 5 122min, 53 1d JUEMRE L E] 2.7MPa F17ZWERAM—E, FH GBFS 5 FA H
SRR RN T G EREFIRE MR AR, XSGR Ar 5 CP Al SRRSO VS VR4 R AR 4 TR B, AR AR
C-(A)-S-H ¥R, ARt 7 ht45 2. B GBFS 5 FA $E#F4LFF, M C7G2F1 £ C2G4F4, ¥)
i 5 2 B ) ) SRR AR H A B A fa % (B A A 2 5 1 %252 GBFS 5 FA & H 4 SR PE 4% . GBFS
BRI I 4 , 12 KA GBFS B8 445 75 SR B UK IV g A, B KRG 14 Ca2rs
SiO«+ il AlOs* 455+, MK Z 5 C-(A)-S-H BRI HUZ 5HKE., ML T, FA &8 14 e N LI
tH—E I ZEEE . FA MUK 2 8U% B B AR 41, RS SR TEVEAR, AR TR B /K 27 F Ca?r
TER L, S T 4P i ARe, [, FA RWIUE G R AKL, — 2 BT
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KL, C7TG2F1 2 C2GAF4 [14) 2% Bkt [B] 58 B 4 6 S B b2 GBFS MR EBERN. 55 FA FR225E 808
MEZE, %S4 R . CAG3F3 Yl 5 25k (7] 4 328 38min 5 49min, AMYE & RIFIHLE
SRJE, T ELREE R R A, B R TREN PR i T SRS TR 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 e, (HEESE I 1a) (v 45 1 ) A 2 T
FERMATHE R B A A, W ZRE SR R e 5 it A5 AR 1 2 [a) - 5R & BRSP4
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Fig. 2 Condensation law analysis
2.3 SEM 2

i 3(a)ffizr, C10 P62 e A% B AR IR R BORL 2H e, ORI R G . A8, R
B S (40 SRR P2 . BORE 2 A LA o 2, B Z IR R B, AR R E T E LR 5
G, SEMINCNBRRA . X — OV SUARAE 15 3 24h WETRERSE . 1d VAR PR SR 1 %5 IR Bl 58 45
—H, UESEAl CP & &R i Z i YEREER AL 5, TOIEA SUE R C-(A)-S-H #E, TUKIEYIEEHER VLY
A 1S R EE . nE] 3(b)FT R, BN 10%[1) GBFS 5 FA, C8GIF1 PRk R 1 T 46
HH I D B BROMR B R 8 4 TR (8] BR A B JI = W) AP S A8, RORL () R B B v e o AR AR AE
B2 AN P RIURE , B AR S5 K4 0 AN S R OME B S 3 1d BUER SR EE 2.7MPa W) &, £ W70 & GBFS
5 FA BN CIF IR A0S RS, (R4, EAERYRREIR, 5% Sk,

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, URLIE [ R UG S TR . FLER R E AN B A s, A 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 $LiS MEREERIA B R UF 1R MUCED, 48R r=W7e @ HorAid5], TR T 805 o
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
Rila) FETHTE M . S5 A EL. TORNZ, BT CPBEIK, HRARZ SN IES MER S L
P, BB I I AR FLRR . 2O RS S PR R AL C3GAF3 R R —5, Ui
B E N GBFS 5 FA 1EGZ 2 CP MTEHL T, BAEAESCKEEIR, (HER AL B2
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B2 30%LAN, PSR IR B CE £ 2 BT SEM BoR, CP B K S EUB R i A1
HRT AL, R IEX#E, #7> GBFS 5 FA (GG TEE MM, ToiEH S0 w08 5 i
=1

(4) BREEIE] 32 GBFS 5 FA (35 4+PE % . GBFS R Idkts:, FA MBI SERHER, —%
HLFEFHM CTG2F1 & C2G4AF4 [ 4Bkt ] 22 B i s $ . CAG3F3 [HEEE 2Bt 8] 43 7N
38min 5 49min, & TREFRHA S TEK, 1 C3G4F3 Ft4h i [ 5 (F1 %k 22min. 2%k 25min),
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