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Bioinspired coral restoration materials based on natural
Montipora digitara coral reef structure
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Abstract: Inspired from the comprehensive analysis of chemical composition, physical morphology and
mechanical properties of natural Montipora digitara coral reefs (MdCR), three kinds of MdCR bioinspired
materials were synthesized with white cement (WCE) as substrate to simulate the chemical composition and
physical structure of MdCR through addition of foaming agent (LG-2258) and chitosan (CS). The structure,
chemical composition and performance of MdCR and MdCR biomimetic materials were analyzed through
SEM, FTIR, EDS, ICP-OES and microcomputer control electron universal testing machine. MdCR was then
transplanted onto the bioinspired materials and placed in simulated seawater for 6 months. The results showed
that MdCR bioinspired materials had similar pore structure, mechanical properties and chemical composition
as MdCR. Montipora digitara coral polyps attached to the surface of bioinspired materials with growth of new
coral tissue. MdCR on the surface of bioinspired material got a 10.36 mm growth height on average.
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1.2.2 B3ty A #Had 4 &
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THEFE 24 h, WD RME 2 CSW, K i
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Table 1 Dosages of raw materials for bioinspired materials
. JFR T /g
it bR —
WCE CE H,0  CS/K#W  LG-2558
CSW 50 0 25 5 0.1
CS2W 50 0 25 10 0.1
CSwWC 25 25 25 5 0.1

1.3 RS

SEM Wi : BB AE 125 TR Hh A AR IR i
(AR FAGG A AL ), VIZY 5 mmx5 mm*2 mm
R/ANBYIE TR R, W4 Ja INSRTH . 1 D0 1 S 1)
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Fig. 1 XRD pattern of MdCR (a) and standard card of
aragonite CaCO; crystal (b)
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2.12 SEM 4 ¥
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B, @it E, A MdCR i KfLIE R 636 um,
TFHFLAE R 474.9 pmo A (1) A1 (2) 35
WA LRy 28.48%

&l 2b1~d1 4352 3 A5 AE AR SE IR, 45 B
X ) SEM B & 2b2~d2 fitzs . CSWC A CSW
I CS2W I K, BOEFE N FE A 50%
JKIKPE . N SEM  HRT LI 245 A= AR FLAR 5
MdACR FH{L, #EHL 10 AFLIEFIH Image J AT T
M, 45150 CSW. CS2W. CSWC 4 FLIR 4%
WK 479.9. 501.7 F1 467.4 pm, CSW 1525 MR-
fL#2 (479.9 ym ) 5 MdCR F-144L42 (474.9 pm )
N, HALBRER (27.90% ) tHZEA K, 4554E
BH, D5 AR MdCR B AR = AL .

al, a2—MdCR; bl, b2—CSW; cl, ¢2—CS2W; d1, d2—CSWC
K12 MdCR 13 Fhfii MRS (al, bl el d1)
1 SEM [l (a2, b2, c2. d2)
Fig. 2 Photos (al, bl, c1, d1) and SEM images (a2, b2, c2,
d2) of MdCR and three bioinspired materials
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& 3 & MdCR 1 3 F{ii A=+ BHY) FTIR 3% 4]
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—W

T~ T~ T
CSwW

1632 g77 128

1445 MdCR

482
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K3 MdCR M1 3 R /=R BHEY FTIR 35
Fig. 3 FTIR spectra of MdCR and three bioinspired materials
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33.61%. DidEp B & A 8 Mg Fl Na L&,
DO R, AR AR R B B 7 il A B R E5 /K
PAHEM, WL, EAEMETS Mg SR 4L
BT MdCR, Mg nl U i IHE 1 % 4 e it A
T A K U0 BARDF A MR Na &R
A ECEAR T MdCR, (B2 R AR A 2L



557 1 WO, A TR

R B R 22 ) 7 A 3380 1 5 AR

* 1515

b, KINR AR K S — K, DI 3G n
DM R Na' i 5. Mg e, 764541
B Ca LRI L . BRILZ AN, TR ML 84 I
T AL JCEM Fe L&, WAEM Al JLE M Fe ot
BSR4 8 s R

8000 - a Ca
7000 |
6000 O
5000 |
4000
3000 |
2000 Mg Si

Au Ca
1000 ¢ NaT T

0

e

0 1 2 3 4 5
fE&/keV

7000 Fb

6000

5000 |
& 4000 |

3000 f

2000 + €

1000 f Aljl Au Ca

Ca

Si

it

Mg

BEE/keV
10000

8000
Ca

6000 (6]

K

4000 Si

2000 Au Ca

feRt/keV
7000 - d Ca
6000
5000 |
& 4000 |
3000 |
2000 | €

Si

it

Mg

L Au Ca
1000 Na Al

0 1 2 3 4 5
R /keV
a—MdCR; b—CSW; ¢—CS2W; d—CSWC
K4 MdCR ALK EDS 35
Fig.4 EDS spectra of MdCR and bioinspired materials

MACR FUGAMEIRAHLCE (C. S, O, N,
H) a8 iR, O &e, HikdE c, H,

O MR ECHN 43.27%~45.23%; C B E N
9.98%~11.64%., XZEHH, 4 PRI EEH
CaCO;, BEHEAWMPERMAIYL. N Fl S M
S ECRREAIR, X5 XRD. FTIR fil EDS i 15347
GBI —3

#2 MACR, CSW. CS2W Il CSWC WYILE Fi s 404k
Table 2 Mass fraction of element of MdCR, CSW, CS2W and

CSWC
P HILHTE MdCR R A= F1R R 9 B 2 50/ %
MdCR CSW CS2w CSWC

Ca 35.65 36.06 31.52 33.61
Mg 0.09 3.09 2.27 3.11
Na 0.40 0.19 0.26 0.23
Al 0 0.74 1.51 0.72
Fe 0 0.09 0.09 0.09
C 11.64 10.83 11.23 9.98
H 0.75 1.33 1.38 1.27
o] 43.27 44.85 44.26 4523
N 0.02 0.05 0.06 0.06
S 0.31 0.56 0.46 0.49

. £J@IEE (Ca, Mg, Na, Al, Fe) % ICP-OES Jl|'Z;
HAtotE 2 CS AHr{UF ONH 43 #4300 7€ -

2.1.5 R

YIRS = A VSR EY % S A 711 45 s o S v 1
S BRI BRSO . T IR 2 LA,
BN IINR  FREA I A LI 250 o o &R
s, WL A AN BV FLIE RN 5 a i
1 22 ) 2= R AT B B B AT 5 B L 6 4% CSWC 1R FR (X
M R F R ) HEATUESE, SR EOK TR
0.7%~1.2%1Y & o F PR T &R H s py 52, Jf45
AL | FLBR R R BT i B R A R A SR s
Bl s AR HEAZMA (LLAKRF R A, T
[ ) 4 CSWC i) SEM K, HA I it B W
%3,

LS A 3 nl 0L, & A ol 0.7%F1
0.8%FF, “FHfLARE/N, MERBF B ME 2 1.1%
1 1.2%0}, FIFLAER N, brdrig AN, Mk
RIS IR 0.9%0}, ~F344L4% K 438.9 um, fLBEH
H22.30%; MEWFIBFINER 1.0%H, FHFL7%
3 465.4 um, fLERH N 24.38%., 5 MdCR WfL#E
(4749 um) FFLEEZR (28.48% ) tHH, KiHIG
TR 1.0% A4 05 A= A4 R} %) FLTE 25 ¥4 3 $230F MdCR, H:
PUPTIRE A 5.86 MPa, fEMSH L WA KT

K 6 & CSW MBHER A 3, 7. 28 d 16 1~H
Ja BT oE AR 2. TLAE H, 8 3.7, 28 d
Ja . AIRZERAMER 147500 221, 302, 592 N,
WAL (3) A/ CSW (28 d) HLITIRE K
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3.72 MPa, 52X FLEYRE, CS2W Fidfrim X
A 3.07 MPa, Uil CS2W 444 P30 4 FLIE 45 44 55

B, CSW TERRI K13 6 A G, Al RS2 &
KAEH S50 568 N, Hiyrsm g Lol A ik, i
D5 MR K R I B S T BE i, S A IR
IR BEIEAT I R A A R A s 2 U

a—0.7%; b—0.8%; c—0.9%; d—1.0%; e—1.1%; f—1.2%
Bl s ANTR A5 i 45 19 CSWC 9 SEM K

Fig. 5 SEM images of CSWC prepared with different foaming
agent dosages

3 R A 6 & 9 CSWC i RE
Table 3  Properties of CSWC prepared with different
foaming agent dosages
ZALH uEa R T FLER Hidr
HE/% JBE/mm LA /pm  fLE/pum /% 5RE/MPa

0.7 18.83 486 338.5 17.92 9.85
0.8 20.25 565 377.4 19.17 8.30
0.9 20.96 604 438.9 22.30 6.61
1.0 21.41 625 465.4 24.38 5.86
1.1 21.75 664 495.8 26.66 5.17
1.2 22.16 699 534.1 29.57 4.42

MW 4 ATLIEH, cS HERZ 0 E R
CS2W, B HABPIFIA KL (CSW Hl CSWC ), Higk
LR . EFLE FALBURE K, Prdrsm AL, W
I, BRI BT REAG, EAEE
SEREREAT AT AR TR H AR AZ TR A ety 1S,
CSWC I e s BT (4.49 MPa ), X2 A
4, CSWC & WCE 5 CE {R&HI &, i CSW
F1 CS2W {X i WCE il %5, CE YRz (425 #) %2

FL WCE (325 8Y) w5 S5RUEW], PIFUKIERIIR &
AALRE PR B =B 7 Mg A0 TR IR 815 /K T A e RS EE
TEWF TR LS T N B s i Ao Mg 1 85w (1 1
M, T ELBERS I IS R BT R

28d

0 0.5 1.0 1.5 2.0 2.5
B} [E]/min

Bl6 CSW A3, 7. 28dY5 6 MHFmyPidrimEsik

HHEE
Fig. 6 Bending strength curves of CSW at 3, 7, 28 d and 6
months after forming

%4 MACR, CSW, CS2W Fil CSWC HyZ5H Fi kg
Table 4 Structure and properties of MdCR, CSW, CS2W
and CSWC

28

MR Bk T ALBR MR BAME B
fLE/um L /um /%  JEE/Mmm HFH/N  E/MPa

MdCR 636 474.9 28.48 — — —

CSW 597 479.9 27.90 21.86 592 3.72
CS2w 698 501.7 29.31 22.58 521 3.07
CSWC 613 467.4 26.45 21.23 675 4.49

e R VIR " R RIMERR .

22 WBAERKZIE
221 MMAKRZEMNT

78 3 R AR B Md A K SCE, ]
DIgER], #5538 6 A H Rk a A K (4
KA O AE I rp 2 o 3 B B o ), i, JFE -1
WK T 10.36 mm, Z5G A K RS DS KR
AL AT, 7 SRR e Ak mT DA 4 252 A K R 1 fis A
il 85 B Af7 MACR FL3E 45 14 Fi Ak 20 158 i 5 26 A REAT
FITF BRI A, TR iEis = .
222  # AWM KA s M R AE

B3t 6 AHI, CSWC 2 i A i H BHr A 21
LU 1 F 2, fnlEl 8a WPARTEFTR . X Md FUEi AR
A8 (NMd ) 7S 3EFF SEM MK, 25501 8b~e
7 o X G R 50 A ST ) SEML I, WLER 3
FLIE R E I A AL, e, wT AR A
BAEHA N Md.,
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Md 5 NMd 1#) FTIR %f FeE A& 9 fis o

al, a2—CSW; bl, b2—CS2W; cl., ¢c2—CSWC
B 7 3 MiAsE L Md A KA (al, bl cl) A1 6

MAJE (a2, b2, ¢2) SEra A

Fig. 7 Photos of finger-like Montipora digitara growing on
three biomimetic materials at the beginning of
growth (al, bl, cl) and 6 months later (a2, b2, c2)

K8 CSWC il YK (a) FF A AL SEM &
(b, ¢) M MdCR ) SEM # (d. e)
Fig. 8 Photo of newborn sites (a) and SEM images (b, ¢)

of newborn tissue on CSWC and SEM image of
MdACR (d, e)

HE 9 WTLLFEH, Md F1 NMd )67 FaA—3,
NMd £ 1082 cm " &bt BUE T COT (14 %5 i 11 45 4% 50
I, 1480 cm ' AbHYBLE T CO3 Y SRR 4 4k 31 5
Md WA (1482 cm™ ) /M ZE, 857 ecm™' S CO3
PSS AR s, 78 712 F1 699 cm™' 4RI
CO; AT N i PR s, £ 1632 F1 1787 em™
Ab H B N—H B T P9 S R SR C—N B i
AiPRohid, 4y 58 T EEME 145 Fseh 145 i iR sh v
i, WRIET Md Fl MdCR R84 1) /088 1 5
GYe WEHAEMBIIE SR, W LAHIAH A 4141
J Md,

Md

T 700
712

858
NMd

1787 > 1482 1082 €99
857 712
1480 .
2000 1500 1000 500
WeE/em™

K9 Md5 NMd R FTIR %K
Fig. 9 FTIR spectra of Md and NMd

3 #Hig

(1) it SEM il E MdCR fIFLIESEH, K
fLEEH 636 um, FIFLIER 4749 pm, fLEEHER
28.48%, @it XRD. EDS. ICP-OES M HLICE S
B AT T MdCR EZSH Ca uHE, KM A
I CaCOs5,

(2) & B A1 BB R 5 11 7K U A JEOR
ik 3 B MdCR )i 4= 44 8F CSW .CS2W Il CSWC,
SR FH 22 7 v 0E BTG A2 R R 0 25 K T 35 R Ak 2 41
55 MdCR #5555 28 d J , BUdfrom B 40 g 3.72.
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