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Effect of synthesis temperature on the preparation and properties of graphene/Ca(OH),

nanocomposite
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Abstract: Graphene/Ca(OH), nanocomposite has a good consolidation effect on weathered marble artifacts. Pre-
paration of this kind of material with excellent performance at lower temperatures plays an important role on its
cost reduction and popularization. In this study, a series of graphene/Ca(OH), nanocomposites were prepared by
adjusting the reaction temperature and addition of graphene quantum dot. The morphology, composition, relative
kinetic stability, carbonation reaction and reinforcement property were studied by TEM, laser particle analyzer, Ra-
man, FTIR, UV-Vis, XRD, SEM, colorimeter, mercury injection apparatus, leeb hardness tester and ultrasonic tester.
The results showed that the appropriate increase of reaction temperature was conducive to the improvement of
combination and the reduction of nanoparticle size. The products obtained at 80°C exhibited good relative kinetic
stability, fast carbonation rate and excellent reinforcement property, while the materials prepared at 90°C and
above grew into spherical crystals and did not show better properties, may due to the influence of calcium hydrox-
ide transform to vaterite.
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PR N AR 5 BE #K R  CaCOg, XA BT SCHT
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5% i R T R AT A I AR . 4ok
Ca(OH), W& L7 ¥ F 24 ¥ G Lk MR Y A
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T S0 V5 YRS I 0 T s AR A AR A B 2 DA
CaO" . CaH," ok 4 J&@ 45" N [ AH N 9, 54
WA R AT . SR, AR A AH B R A il A i 2
A RIZUS N, Ca(NOy), A B JE T 5 #h 5 J (0 7= 1)
Rt B FrE Ak 32 2R ] CaCly, o R IK A, AE
70~90°C N N 15 5] 44k Ca(OH),, {H &AM =%
KARANE 5 HRASFRK, Z28UUE — A 4E /D
T 100nm, F &K A4 K@ (001) @< KT
100 nm™, 1 % M 7038 F 0T FH TR A4 T
20 K SR TR S5 R R E R4 Y, (E R 22 BB B
FH B 7 m is R A AL, B &1k
RKo FECY A NERN S A A, A
T EER FHH AT R A0 28 1k 0 B4 B3 9 K Ca(OH),
BB FEAT AT . Zhu 02 5E i 5] A G B E T
1 (GQDs), 7F 90°C 1 ¥y & B F- 4 K42 7F 80 nm
ZEA 4K Ca(OH),, i AH [F] 4 1 A A GQDs
2 B X F AR S, OBLAR R SFFE 200~1 200 nm, £
S0 25 J5 1 Ca(OH), B R Ak 52 07 3 FE Bt , o
D b 5 T RE T o SR BE T ELSCHAS B
M RIRM LS B A DR, 78 XUy A
BN AR F AR, A EaRKED
F 80nm M FLBR, BLRALBR A 5 2 2140 0 52
i 131,y A R AN S ) K R 3 i 4 R 8 24
o AR ST, A KK CaCl, 7 48 K
CaCl,-8NH; 4549, F£51A GQDs, 144K Ca(OH),
kA REE] 70nm LAF, O a5 — 1k
SN o PE S &G B HL B (HRTEM), % U+
Hi%F (SAED) IEW] GQDs il O 25 Ca(OH),
FH —OH LI AL 446, A5 X Ca(OH),
FEUTEE R A KR TR AMEER, A
FF R AR J /N R T BE LA 9ok R
REM % 18, T BE7E )] BEAR AR B A5 145 2 m [
PERE R AP £ 85005 2 5 99k Ca(OH),.

ARWFFELL CaCl,, GQDs, NaOH. Z(/K M JEE,
TE 60~95°C KIF MR, Hl &5 2] T A5/

Ca(OH), A K EZ A M B, 7EXALIE 197 F A (K3
HI—F, EETHNEA S A, B CaMg(CO,),,
W E 5 9owt% LA b, i S A D B A 08 B S
AT N E S AR SRR LA A BT
FXT Bh F1 R e M L B R Ak S L AN ABLRE o [
BIEIES . (. MoK | LR | Fim B [
JE LU TRARSCI A — RIIRIE, XA AT
YRR 25 & LB, Il bR 5
AE DL S (1 40 5B M5 /Ca(OH), 44K &2 4 # R A T 58
HE%,

1 LWMBEAE
1.1 E#s

53 1 4l CaCly2H,0. 43 #7 4 NaOH. 43 Hr 4l
Ca(OH),. 4r#Hréli oK & i (CH;0H), [ 254
2R A R A A & A A b 25wt% & K
(NH3-H,0), iz si kA bR A PR F]; GQDs
KEW, 0.10mg/mL, JbaiRlH K2gp kRl Y
TREEBE U R, Kok, Afl; T
4 hS FR AR (AgNOg), i BT T A AL BL 7 B4 A
BRAE S KA TG 7 A B8R &, 25 mmx
25 mmx10 mm, b7 22 AR Y 1 R
1.2 H&LRE

L TR 2 K F (52 3T AR2130/C) FREU #7 4l
CaCl,-2H,0 [t #l 0.2 mol/L ) CaCl, i #& 500 mL,
JA 0.8mol B2, 3% CaCl,-8NH; K, ®H T
Yeag I 4 (A s M & ARl X &%, DF-1L) N, 43
S 7K ¥ K E 60°C . 70°C, 80°C. 90C. 95T,
[F] B A 350 r/min DL b A 3 B i 4 o Bl 1 mol/L
i) NaOH ¥ ¥ 200mL, fil A 10mL GQDs i# # ,
TEK WG T e P 2% (L0 AT AR ), 85-2)
oK I E 60°C. 70°C. 80°C. 90°C. 95C Ji
PRIE, BEHE 1h, SRJ5 % NaOH Ml GQDs fUIR & %
¥ LA 100 mL/min [7) # & Jil A CaCl,-8NH; % # -
B RN AR A EE R, M ca(OH),
KW FETELWE B, HEMA Tmol/LHY
AgNO; WK I A 23 77 AR H B UTTE . H25 TR A
(i I RAL AR B 45 A FR A 7], DZF6020AB) H H
25 T4 120 (50°C). FRHL 0.2 g HHA 20 BT 200 mL
ToK SWE, BT B (R A A R A
], BL10-300B) 1 # 15 min Ji5 #E 47 J5 £2 52486 .
60~95°C X i AE B ™43l i 44 0 GQDs/Ca(OH),-
60°C . GQDs/Ca(OH),-70°C . GQDs/Ca(OH),-80°C
GQDs/Ca(0OH),-90°C . GQDs/Ca(0OH),-95C (¥ 1),
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Table 1 Raw materials and synthesis temperatures of graphene/Ca(OH), nanocomposites

Sample CaCl,/mol NH;/mol NaOH/mol GQDs/mL Water bath temperature/'C
GQDs/Ca(OH),-60C 0.1 0.8 0.2 10 60

GQDs/Ca(0OH),-70C 0.1 0.8 0.2 10 70

GQDs/Ca(0OH),-80C 0.1 0.8 0.2 10 80

GQDs/Ca(0OH),-90C 0.1 0.8 0.2 10 90

GQDs/Ca(OH),-95C 0.1 0.8 0.2 10 95

Note: GQDs—Graphene quantum dots.

1.3 REIUEE S B0 0 B R $i, W 3% 7 2 Oy JEOL JEMI200EX, il i H1 J&

1% 4 W 1 mL 60~95°C Sz I R BE T i A Y
GQDs/Ca(OH), 44 >k & & A B 43 B0, 6 Jin 78 &
A BURE G 25 mmx25 mm F9AR I b, %R RE
I3 9 185 fiv 44 0 G/Ca60-C. G/Ca70-C. G/Ca80-C.
G/Ca90-C Fll G/Ca95-C (C 1t % Consolidation), K
T B AR 44 O QBS (6 2) AR A
Ve 3 TFATRES:, 7E 25°C, MAXHE R 75% PR h
CE 12 d J5 #EATRAE
1.4 Wl HRIE

M 3 7 A L I GO (TEMY) WL 58 40 K kL T2

100 kV; R FH 306 R BE A 43 Bt 40 oK BURL R 42 RS
AR, ANER RS O PE[E D /R S Zetasizer Nano ZS90,
i A, A YE 0.3 nm~5.0 um; fii
WO I R AR LB S ORI = 9 1 4y, AN AR AL
“} HORIBA Scientific XploRA PLUS, i & ¢ 5 K
532 nm [E RO, SEHE 1200 gr/mm, St
FEl 100~4 000 co™"; i 4 A L AR 4 21 S S 15 R
HCAE B B RE A A RIS B, AN AR S R
ThermoFisher Nicolet IS10, 43 #F% 0.4cm™, %
05l 400~4 000 cm™,
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Table 2 Consolidated conditions of Qingbaishi marble (QBS) samples

Weathered QBS Graphene/Ca(OH),

Sample (25 mmx25 mmx10mm)  nanocomposites Dosage/mL.  Time/d Temperature/C  Relative humidity/%
QBS 1 - 0 12 25 75
G/Ca60-C 1 GQDs/Ca(OH),-60C 1 12 25 75
G/Ca70-C 1 GQDs/Ca(OH),-70C 1 12 25 75
G/Ca80-C 1 GQDs/Ca(OH),-80C 1 12 25 75
G/Ca90-C 1 GQDs/Ca(0OH),-90C 1 12 25 75
G/Ca9-C 1 GQDs/Ca(0H),-95C 1 12 25 75

1.5 FRERWIEFRRAE

Ca(OH), 5 CO, [z b & #& 1, CaCO; & I (1
Az AR S5 AR B (RH) AR KAEFR . AR
M2 RH (75%~90%) B, 2342 lUTCE JE CaCOj.
i A SO FIER A AF , BRIR AL B, W
R R, 25 MR ™, DA e R R A Pk
FE 25°C, HHXTHRE 75% AT IR ERIL L0 . B £ E
Y ECRH INAE SIS Lrp, & T B 28 THR4E 50C
T#E 120, — 53 B AT X544 X (XRD)
K, 32k 0 d ARG o A e I VR AR R R s
SAEFR . R 3d HEAT XRD A, AL 12d.
XRD {¥ #% 1 5 & Rigaku Smartlab, Cu Ko #, #
KR 40KV, HU 30 mA, 26 fi il 10°~90°,
i 0.02°, SR Rietveld ¥ 3EATWIAH & B 4047
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T A ] — B SRR i Dk AR R V(%) ok A T Py
WEeEREA, TR ARXK TR,

V=" 100% (5)
Vb

Horps v, N JSBGH ;s vy, S0 AR
MW (ABTEASAKXEME) TG
E41—2005)" Fl {5 A0 9 B 7 24 v i 0 B AR )
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TSR 2/ DNEURE 260, AR KER 45 RGP

PIH.
Ra
_Ra 6
Ry, (6)
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ke 5 TEM 25 58 (K 1) iR, 60~80°C i J&F
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GQDs/Ca(OH),-60°C 1) TEM %% 5 b a] L # /Ny
& Ok, RS BE R K 0.20nm, 5 A8
(PDF#41-1487) [} (101) M B MW &, M AKKE S
) GQDs, fii 70°C F1 80°C 7=y 1y [l v A UL 1t 2 Y
RBURL, MEMEEA - EREAREREZD
GQDs ] 45 4 75 441 >k Ca(OH), % 1fi . 90°C H1 95°C
TR T RS 4K Sk b BRok, AR 2/
F 10 nm {9 /N TORE , (R 7 OGRS A 43 Hr
ZE W h 3R oK K P 10 nm LT A9 F0RL 43 A, X k]
fie  GQDs H A4, Hy T H 22 Yk 45 44 1) R ik 1
I 3 R o o 7 A S O B AT B . 90T
H195°C T P4yt BLERAR 45 S i LR, ] RE 5 40K
s A ) BOAZ 3 R AE G o A N A KR S A Y

© &P
“

B 1 A BERT A (GQDs)/Ca(OH),-60°C E 95°C ((a)~(e)) &
GQDs/Ca(OH),-60°C Hif#& i/ NEURLI TEM B4 (f) (GQDs/Ca(OH),-
80°C 1y TEM [RG5S R B F BT B it R AR )

Fig.1 TEM images of samples graphene quantum dots (GQDs)/Ca(OH),-
60°C to 95°C ((a)-(e)) and the tiny particles in Ca(OH),-60°C (f) (TEM
image of GQDs/Ca(OH),-80°C is same with the result in ammoniated

solution!")
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an AL 43 A 5 TEM 25 38 v i 0RE RST X 1 . Bl
J5 7 kB T TH R, A ) A R O R AR AN T N
AR IR R] 90°C J5, RiARBAT ™= A B /) .
LA 43 A 2 19 21 5 98 H GQDs/Ca(OH),-70C %
GQDs/Ca(OH),-90°C A B3 fin, ki 42 R ~) 3 [ 2%
K, VL GQDs X i & £E K i 40 i 45 FH AT fE A2 2]
RS, 55 95C i, Pmvid/, BLibh
oA Ee 5], kil BRI GQDs 1Y R4 H o

100
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180 =
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2 GQDs/Ca(OH),-60C % 95°C F-HPRifAE (b FIRIAR A4 A 1 22
HFHEI
Fig.2 Average sizes and full width at half maximum (FWHM) of the size
distribution curve of the samples GQDs/Ca(OH),-60C to 95C
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i, UEWIAEAS R SO T, GQDs Y451 A

(@) —— GQDs/Ca(OH),-60°C
_ - - - GQDs/Ca(OH),-70°C
Ca:CaOH), GQDs/Ca(OH),-80°C
—-—--GQDs/Ca(OH),-90°C
. |Ca-E(T)  GQDs-D GQDs/Ca(OH),-95C
Z | |ca-A T GQDs-G CaA (internal
5 | caE®) | a-A,(internal)
= v
T
U ——
1000 2000 3000 4000
Raman shift/cm™
(b)

—— GQDs/Ca(OH),-60°C ~COO  C-0
- -~ GQDs/Ca(OH),-70°C
, ---- GQDs/Ca(OH),-80°C
OH  ----- GQDs/Ca(OH),-90°C
GQDs/Ca(OH),-95C

Transmittance
- /\ :i______
o I
@) I
¢
o

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm™

%13 GQDs/Ca(0OH),-60°C Z 95°C £ S ESERE (a) F
2IHMEREE (b)

Fig.3 Raman spectra (a) and FTIR results (b) of the samples
GQDs/Ca(0OH),-60°C to 95°C

KA MR, WAV, 20N SE R,
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AN, KA F) e N—H W, B v B s
B, SO E LRGSR, A TR
BHE A N TR ER B4R, PP AR A R IR
2.3 GQDs/Ca(OH), &8k KIHEXT 3h 1 F I8 E ERE
AHXT Bl Iy 2 ke e PR SS R AN 4 iR, 7S5
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