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Abstract: The aim of this study is to investigate the effect of nanocrystalline cellulose (NCC) with favorable
mechanical properties on the compressive strength of calcium phosphate cement (CPC). Compressive test, Gil-
more needle test, X-ray diffraction (XRD) and X-ray photoelectron spectroscopy (XPS) were used to analyze the
physicochemical properties of CPC influenced by different contents of NCC. Scanning electron microscope (SEM)
and fluorescence microscope were used to observe the morphologies of CPC and the dispersity of labeled-NCC in
CPC, respectively. NCC significantly increased the compressive strength of CPC up to about 27 MPa when the
content of NCC was 2%. Setting times of CPC were prolonged with increased NCC, but still met the clinical re-
quirements when the content of NCC was not more than 2%. XRD and XPS indicated that the combination of
NCC with Ca®>" could form unstable coordination compound and NCC promoted the dissolution and conversion
of dicalcium phosphate dehydrate (DCPD) and CaCOj;. SEM showed that CPC became denser with fewer pores
and cracks by addition of NCC. Fluorescence microscope demonstrated the homogeneous dispersion of la-

beled-NCC in CPC.
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Fig. 1 Compressive strength of CPC, 2 %NCC-CPC and 4 %NCC-CPC after setting for 24 h (n=6, *p<0.05, **p<0.01) (a) and the
typical stress-strain curves (b)
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Fig. 2 Initial and final setting times of CPC, 2% NCC-CPC
and 4% NCC-CPC (n=3, *p<0.05, **p<0.01)
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Fig. 3 XRD patterns of CPC, 2% NCC-CPC and 4%
NCC-CPC (a) and the ratio of the primary diffraction maxi-
mum of DCPD and CaCO; of each CPC sample (ly) to that of
CPC (lp) (b)
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Fig. 4 Chemical structure of NCC
DP represents the degree of polymerization
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Fig. 5 XPS spectra of CPC and 2% NCC-CPC after setting for 24 h
(a) Survey; (b) Cls; (c) Ols; (d) Ca2p

MIPUERERE . Rk, CPC (#4703 15 B e T Lk
(IR 25 5 it 5 LIRS IR AE 25

zx I, CPC fE/K it #2 H, DCPD Al CaCOs T
VAR B SRV AR AR Ca®Ty NCC R ER 5 537
B Ca® T IE B FRCA W), 1Lk DCPD Fil CaCO;
s i, (ISR R 22, e & R B £
HLIK) POL, PO FEWR I Ca®", i MLAGFRIE 59 45
(PR A, 13 CPC Uk 2 [MHEF S %, FLER D,

% 1 CPC #12% NCC-CPC & Cls. Ols #1 Ca2p HIZE & &
Table 1 The binding energy of C1s, Ol1s and Ca2p core
levels from CPC and 2% NCC-CPC

Elements and functional Binding energy/eV

groups CPC 2% NCC-CPC
CC. CH 284.8 284.8
Cls C-0/C=0 286.5/288.8 -
C-C/C-0-C - 286.1/288.3
P-0 5312 5314
ols P-OH/H,0 532.5 -
C-OH/C-0-C - 532.8
Ca2psn 351.0 351.1
Cazp Ca2pi 347.3 347.6

“—” indicates the absence of binding energy corresponding to the element

7 R R E K. AR NCC #EK: T CPC 1)
T ISR, B GR R R AP sl M I R K, T
FT A BRI HE L, (754540 o g B, At
FEARINI NCC Kk 150~200 nm, %4 10~15 nm(/&
8 4 NCC i) TEM M F), AR EIKEL, KLl
T2, 1 CPC EHKPUNY BRI, AT s fE (1)
NCC 1] Geill i M #e/E H, ARGk it n P16
1, TN LA ity T AR B2 16 77, S 2 00 24 4
Ak FE T I CPC [ 4B E R, 13k J5 D T R
$E 15 CPC P
2.6 NCC 7£ CPC I o Bt 3

Kl 9 2 AMC FRriC ) NCC 7E CPC H 43 A7 5%
R . AMC FRidi) NCC REtthi ), bl
NCC &, 2eumEg, mALE AMC b
I NCC nA\ CPC J&, gktasilt. wfaaktn
FEHIERIAE CPC H 13 Aid4)), Uil NCC 7 CPC
HA RS

3 #ig

1) I NCC 242 55 CPC IR0 s i 5 i by 24
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6 CPC. 2% NCC-CPC #l 4% NCC-CPC /KAt 24 h Ji5 H SR W7 THi () SEM [ 7
Fig. 6 SEM images of the cross-sections of CPC (ay, a,), 2% NCC-CPC (b, b,) and 4% NCC-CPC (¢, c,) after setting for 24 h
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N «
~N\ ; y @
N __\f‘\{ Ca OH © .
— e — s PO~
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7 NCC 55 Ca® B &3 {2it CPC /KAL) R i A
Fig. 7 Schematic diagram of NCC promoting the setting of K8 NCC i) TEM Mt )v
CPC by coordination with Ca*" Fig. 8 TEM image of NCC

500 pm 500 pm % \ * &S00 pm

-

K9 7-50E-4-HILE G R (AMO)RIL ] NCC 7E CPC 1151 734 i 56 B v
Fig. 9 Fluorescence micrographs of NCC labeled by 7-amino-4-methyl coumarin (AMC) that evenly distributed in CPC
(a) 2% NCC-CPC; (b) 2% NCC-AMC-CPC; (c) 4% NCC-AMC-CPC
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NCC-CPC 1758 [ i [) J A% 3 42 1 PR 75 2K 3) %It E AMCFRIC I NCC, £WHALE CPC H &
2) XRD I XPS £ ok, NCC 5 Ca” TR #5550
FOE MBS, Lk T DCPD Hl CaCOs; 1 Vi Fl AWFFEE LA IINCC, T CPC PR30

k.. SEM [ Ji i 7n i\ NCC Jii, CPC HfLBE A1z 4L FEIME, & CPC [PAbsRIGRISE 4t 78 ik, HAWH
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