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industries. First, the preparation procedure of CCNPs is carefully summarized, and the process properties of precipitation,
emulsion, polymer mediated, membrane filtration, biological methods, etc., are delineated in detail. Secondly, the
mechanism and impact of surface modifiers are discussed, and dry modification and wet modification are contrasted.
Emphasis is placed on examining the modification effects of various modifiers such as surfactants, unsaturated organic
acids, coupling agents, organic oligomers, water soluble polymers, etc. The results show that suitable modifiers can increase
the interfacial bonding force between CCNPs and polymers, hinder stress concentration and fracture of polymers, thereby
enhancing the mechanical properties of polymers. Finally, the current application status of CCNPs in the field of
construction materials is expounded, especially the advances made by CCNPs in asphalt mixture modification, cement
substitution and reinforcement, steel structure protective coatings, flame retardants, etc., are encapsulated. The superior
filling and wetting properties of nanoparticles strengthen the compressive strength and corrosion resistance of construction
materials, while the economical cost of CCNPs propels its application in construction materials.
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2.1 Yligk

DURVEN IR 2, ARt R A S m S B
RATHE L, Bl CO, 72 /K BB VA K AR 1k CO3 72,
%5 Ca® ¥ CaCO; [5, 6]. Babou-Kammoe #%
Na,CO; 51 Hifl Ca(NOs), WAL 25~100T TiRA,
300~30000 rpm FHiHE, F i CCNPs Kifthy 54 nm.
CCNPs {2 5B AL L, 53R i L. @
HAINRAEY) REFEER] LEHIFIGE S A R kAR
LRI CCNPs [7]. B RIVEHEIERREER N, KAEZ
AR, CCNPs (K IR RERTE A ST fRATEAS . B4k,
T EERE S R IR L . RO CIRTERRENIL MR,
M WASERT L B NS TG . iF COMIK
FE(R A% CCNPs B ERIR [ AR AR 5% 22 [8] -

2.2 LI
AR K. EEE A RS,

High shear

KA EHEF, ISR YR G Rer= A A [F) R A f
¥, I R B T R R . KL 7
W/O G AL 7K ) O/W CRALTHD - O/W/O GRS ZK LD
W/O/W (ZKALfI7K ). CCNPs iEid O/W FLil & H
TN T 77 LLES 5E OIW. Ca?' 5 COs% i IR R AL
VB G B T R B B R R R A, RO AR K
CCNPs, HJEZAR. Hife. . pH. KL, REE
PEFUAREE SOV BT BE R B I ISR 229, 10].

Kang 7B A&+ e ISR RN IA 55 1 S L BRI R —
CHECTRN, UM, RIEEEFIKRE/NT 3.2
mM, AHIE O ERIR, A2 R A 5 7 A IR CCNPs;
FHETEMEFIRE KT 3.2mM, OB AR N ASER R,
" R B A 5 5 R4 R CCNPs [11]. Badnore 7848 75 %
T, @it WIOIW & BBk i A1tk CCNPs, #4224 24 nm,
FHEE O/W 5 WIO/W, 7= 22 B w5 [12] . ] 2 Jyk H W/OIW
FLEA L CCNPs 7~ & A

CCMPs

>/

K 2 T WIOMW H.i#ii% 4 il CCNPs

2.3 BEYN T

REME R MR T, 0 R B0k S 4 . Tl

W RSCEE, (RBEGRRRL & . TR EYE RN
KBURL K530 NI R GRS R EWN T E K.
JEUE 5 502 R0 ) BAAVE W EL BRI OK R, 51 AR
BIL, R IE IS E QKRR . Wang Tl
kA biZEREL, 76 CCNPs A B2, H5K
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LN REMFER, A CCNPs Fi4% 4 20~30 nm [15].
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SERHENTFE 745 BS UL Wang [ 8500 52 7 22 eb i\ Ca(OH), Sk}, A CO,» 4k CONPs, $if% ) 34~110
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B B m RO RE ), AR AL, XK
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J1/N, WINETRR AT R . B 6 AARESE T
™ CCNPs/f& % JE R LA B A RHLBR S, etk T2Z%
(3% CCNPs TER WA Bt 2 K EE, D
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Pechyen SEHITSERENIE 74 B, CCNPs, Ca?* 5Tfifiiz
BNEEIREE N 2, HoK4E A B 18.9F 42 108.6°[22]. K1 7
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P 7 CCNPs & 1 5 B Jlg 1 B4 731 (6] AH EL A

3.2 MBMAHIEREE

ANHURUE HUER 77 & AN AN 0L 5 2 B BE 1,
BAL 5 Ca® N RLE T, AL AE CCNPs Kifi. A
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3.4 FYEE

JE iR AR B T MVBUAHIE R 2 CCNPs %0, 5 Ca”*
SN AR S E R E kLT o XV BT B /E CCNPs 3R 1M
K. EK, RARRESRE, FHREHEEK
PR e, KBS AR SRR, FiE
PR, CCNPs KT ER M, (EdkARIERIR B T
CCNPs it#%; BaM3A3% T, CCNPs 7 1 B, Jik
ZZRRWBAAR 257 [1] CCNPs iT-#% . I IR 2% Thl pie P AL
WF AR

CaCO;, )+RCOO™ — (CaCO, )-COOR
3 3

N\

CCNPs

0 mg Polyethylenimine/1 kg H,O

1 mg Polyethylenimine/1 kg H,O

CCNP

Y

3.5 KBEHREEYISIE

IKIEVER GV T S5 B of K S Bk ], 5%
JKPERE] S CCNPs I R&54, #i/KEHR: Al CCNPs [f]
FEAEFR AR R 5 AN R, 2l CCNPs 73 Hii: 5 A M.
R OIGW R E/INT 5 molkg I, 5 EHER S5 28 AL
55, CCNPs miififa e MR, WK T 5 mglkg I,
i R S A R s, BT E M RS, W
FERT 1000 mg/kg, & IFARE R E AR 0[25]. K18
RN EE SR 9% R CCNPs 3 5 AR E .

0.5 mg Polyethylenimine/1 kg H,0

CCNPs

5 mg Polyethylenimine/1 kg H,O

Kl 8 AFREER L)%~ CCNPs 70 S R4

4 GORBRRRAS R TR i 5L
4.1 PiFERER S

W RNEBEM, AKARIEXE R AR %
fr e AR B R, O HIE SR R AR 5 .
AR K AR5, S 800 A BHE R PR
HIGEiE 1k [26]. X R AR B LR m PR A
IS PUKR A BB S F LSRN RCK R E
R OI-T IR CHE i B R (SBSOY Y R 671
R B LR TS CaCOg X it AR 45 14 11
i R4 1%, CCNPs AE NI U Sl iz w2
B
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S CCNPs J&, SBS S5 1R & RHE) W 1% 5 Bt
FHWK, ERAGRRAENS SR cE, s
BIUIELE (IG*) K, MALMA (6 B, |G*|/sin(d)
BK, XK AR TARURNER N . FHECAIN CCNPs R/,
5.5 wt.% CCNPs ¥ 1 & 5 1R & kR 42 K AL T8
H#K 37%, 70T F, ArkEIFEAZFEK 36%, k&
R 38%, KIZDHFRBEFEAC 47%. Bl 9 AN A
NIE R G EHE 5T 4

7 CCNPs 5 R M TE UK 526 W06 PPC 5,
HIRGRNSIE MG, AR SRR S [27]. 53
4 wt.% SBS I H R G EMHEL, N 21 wt.% PPC 1)
B RA BRI RESE = 40%; 70T T, FhifE
P 65%, X 7 AR TR I 2 Rk 28] -
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PR 9 5 47%, CINBIE PR 12%. 48 90 KIEH,
KB SR R 73 45 7 40%5 57%, CCNPs i 2% A
TEE 1 P9 R ALBR R ) 5 %8 14 [30] - CCNPs 5 3 T B 1)
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4.3 PRI

BEEIRI SR AT, CRAPEA G B2 38 et 28 G
B KUEKWIE ) Ca(OH), TR EE - FLBR I 0N &
{0 P e AR SITTR R 0 A 7S T Pl 1 A g o
PRI, TREEEITR. BB B K Cly
COZ B3 A IRMELILRR, 51 Fi b 2 5 ot

0.000 »; P
% —-——\ 1/} ‘;
- =

0005 F ||
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11 AREEHTTIET CCNPs REEBE A+ KL DTG #iZk. CC
N CCNPs #)2. C-NS-7 4 Na,SiO; 4k (7 K) CCNPs
%2, C-NH-7/G50 2y NaOH %1k (7 K) CCNPs/GW (50
wt.%) EE&MEL. C-NH-7/T50 Jy NaOH &t (7 K)
CCNPs/TLGS (50 wt.%) E&# %L, C-NH-7/T50-nM1
5 NaOH %4K.(7 K1 wt.% nM)CCNPS/TLGS(50 wt.%)
HEMEBL C-NH-7/T50-nM3 2y NaOH %4k (7 K. 3 wt.%
nM) CCNPs/TLGS (50 wt.%) E &4k

B 47 S D A AR R S Tk e RO . TR
PIIRIRIR IS IR o R B 3 ik =, (H & Be

R 1 AR R T SR QIR () 77 A R

AR BRIREG ] 2« T 5 A A PR K B

A A 155, PR TR R 9K R M 1 25 52 5%
7E. CCNPs A s, &R /[31, 32]. A 11
HNANENEA TR CCNPs i 282 51K DTG £k .
178 NaySiOs ifift, CCNPs, [JEhd iz M5, 2
3ANHFEY, WAL H 39 kQ/em?® 2 250 kQ/em?,
J&§ i K i1 0.10 mm/y B&Z 0.07 mmly; #4578 NaOH 7%
1k CCNPs 5 50 wt.9oBEHs K kl, ik fEBHIE 4 465
kQ/em?, JEMIEZEZE 0.05 mmly; %7 NaOH i&fk
CCNPs 5 50 wt%# 35 9e, WALHEBHEZE 480
kQ/em?, JEhid % 4 % 0.05 mmly [33].

4.4 FFFFHR

BEIRFREFN T K 9 R AEBLEAE, 43 . X2
R~ TCHLBEREF, AEH R BHBRTAITE FRAG A AT A M 1)
[FIINy, At — A B AT AR L ) 2 1t B . CCNPs BrHE.#%
YR B RSN, HoRIRT 2 BRI, TEHEE
T, TR PHBR AR N H H 25) 72 . CCNPs 52 #4
IR COy,  HE— 3G IR BH A [34] -

=1 AR T PR ITERR 1) J1 24 RE . RS
FasgE k. PHIAPE. Madihan Yusof DAJAZ A5 Bk K]y
JERE, ¥R 10 wt.% CCNPs, fll7ER BRIAYE B2 32T,
W PR S Fe Bt 27.55%3 & 33.50% [35]. CA-NaCl ¥k
BRiG 1 CCNPs Bt H 2 IF M 2 S5 AR PE AL ¥
BT E R RE, S0 EE R R [ AR, $R S
o BE RO R e 1, BIAEAR AR T B 5 WK 1% e 132.0%
55 122.5%[% % 61.8%5 70.0%.

JOFREEE . BEHIATE

Samples MOR/MPa | IB/MPa TS/% WA/% LOI/%
OPT 1.0 0.14 132.0 122.5 27.55
OPT+10 wt.% PVOH 1.6 0.25 61.8 75.8 29.39
OPT+10 wt.% PVOH+10 wt.% CA-NaCl 2.1 0.39 58.6 70.0 30.31
OPT+10 wt.% PVOH+10 wt.% CA-NaCl+10 wt.% CCNPs 2.9 0.48 44.7 59.9 33.50

Note: OPT AHAZHIM T, PVOH NI ZMEE, CA NITIFIR, MOR N E,

P, LOI NHRIREFEEL,

5 458

B4, MRk CCNPs fil# L2, Xbytigik. Al
% BEWN L. AWERR T, LR, Xk
IR AR HLR . BIEGR . KIETER SR
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MR R KV TR G R Al S0 A JE
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