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Preparation and application performance of high-calcium
fly ash-based nano CaCO;

LI Mengru, BAI Shouli, LI Dianging, FENG Yongjun’, TANG Pinggui’
( State Key Laboratory of Chemical Resource Engineering, Beijing University of Chemical Technology, Beijing 100029,
China )

Abstract: High-calcium extract was prepared using high-calcium fly ash as raw material and NH,Cl as
extraction agent, and separated to obtain NH;HCOj; solution and calcium extract with residual ammonia,
which reacted with each other in microchannel reactor and then to obtain nano CaCO; via
nucleation/crystallization isolation technology. The obtained nano CaCO; was further modified by sodium
stearate and subsequently mixed with polypropylene (PP) to synthesize CaCO;/PP composites [x CaCO;/PP,
where x is the addition amount of modified nano CaCO; (based on the mass of PP, the same below)]. The
samples were characterized by FTIR, XRD and SEM. The influence of Ca®" concentration, amount of
ammonium citrate (based on the total mass of CaCl, and NH4;HCOs;, the same below), nucleation
temperature and crystallization time on the crystal form, particle size and dispersion of CaCO; were
analyzed, while the effects of modified nano CaCO; addition amount on the tensile strength, elastic modulus
and elongation at break of the composite were evaluated. The results showed that CaCO; with high
dispersion, uniform size and an average particle size of 45.0 nm was obtained under the conditions of 0.5
mol/L Ca®* concentration, and 15% ammonium citrate, nucleating at 30 “C and crystallizing for 5 min. The
modified CaCO; nanoparticles were uniformly dispersed in the CaCO;/PP composites, which improved the
mechanical properties of the composites. The tensile strength, elastic modulus and breaking elongation of
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6% CaCOs/PP composites were 35.6 MPa, 999.8 MPa and 10.26%, 14.5%, 3.2% and 21.0% higher than
those of PP (31.1 MPa, 968.7 MP and 8.48%), respectively. The modified nano CaCO; particles exhibited
strong interactions with PP, were easy to slide on the molecular chain of PP and could absorb the fracture

energy during stretching, resulting in improved toughness of the composites.

K ey words:. high-calcium fly ash; nano CaCO;; separated nucleation and crystallization method; polypropylene;

functional materials

R — 2RI CaO R4 E0>10% 1)
KYIRETR , — B R R AR RN A8 I B R = o o R
Y AT R R A A P T e e R ORI I o L A B 3R
442 AN, Bl AT AP R, T 22 U KA
FHE IR T K 1 v, e B A0 A %) e W 4
SETbw, HOMEAE AR B T E ) e KR
S5, e B E N R A AR IS IR BT Y P RS
K. HAT, SESHEKEZH TR, ERE
Y. Bk R A, TR AR I (E SR T, M,
TR i 5 A B K = B AL R T S, A2 a2 v 465 oy J0
JRIRIA . TR AN E A T EENE L

Yk CaCOs; HA KA LR WAL =5 Y 52 hz 36 v
AL SR s, HaB e R E W by, 1R
SR R R R L AR ARG, =
SR ZAE RGN D R R N DUk A a0 ok
CaCO; A B I H AP 85 0 IR i e (AL A, s
WY 22 e Ve, A R0 1 o 5 0 IR TE 7K I
TREE LN . AR, S KL CaCOs 1)
W52 3 7 e, YIN MR B &R
WANG 21258 B iR 4% . ZHENG %5 1PLR 28 5L 1R
PRI S SR 5 R S E R A TR R A A
i £ T S R R ST 400, 423.2 12000 nm fY
T4l E CaCO;. (Bl 1Y CaCOs Bk X~ 45k HokE
BT AT AT MELIAE A B A i 902K CaCO, ffi H

ARSCE e LA NHLCL AR IR, B2 B0 05 49 K
T CaO BRI ESHR IR ; SR, X i 5 2 HOR
T a5 2 5 8, IERI 3 B3 1 2l 4 NH4HCO;
VW B, R BRSOk i £ 4 K
CaCO;, %55 Ca™ W . ARG (Frigmes )
FHE . R B AR AL AR XT CaCOs i L L ik R
SR RS M A s R, SR PR R R M X e
FELME T T K CaCO, FEAT T BCrE, R TVA
WAL o g8 K CaCOs SR (PP) #HTE
A, HIRBEGI K CaCOy/PP EAHEE, W15
YK CaCO/PP B EMEIAITERE. LI A m 45 ki
R G VR P v P R FH AR ik A L %

1 SRIGERSY

11 KF 5
SRR (CaO i 741 46.8% . AlLOs Jfi i

IHEL 14.2% . SiO, Biie 4348 22.7% . HoAth 53 ot it
IE16.3% ), Tk, fEEHM AR F; NHCLL
THIE | FERRE (CH;N;O;), s, i
SO LR B A BRA L PP (SRS 2
H 7x10°~9x10%), o EA LI E L TR B

IMS-50 75 i 2 Vi A i il 8 2 By i, TR M AZE AR AL
MR AR A ; XRD-6000 %1 X A7 5L .
XRF-1800 % X S22 LY . ICPS-7500 #4 L Jgk
WA EE FIRESHOEIE (ICP), HA Shimadzu
8l 5 SUPRA 55 37 & S+ W74 ( SEM ),
f5[E Carl Zeiss 2N ; Vector 22 RUfe B AR e 2T 4
YA (FTIR) , 7% Bruker /A7) ; BP-8170 ZIF-4i
bl REEFE MR EERARAR; UTM 5105 7Y
HLF T BRI, PRI = B GARER 2 e A R
12 Ak
1.2.1  Z450 0 k4245

# 3.80.5.70 Fi1 7.60 g NH,CI 4357 T 30.0 mL
FE PR B 3 FAS )5 B Y NHLCLIA o
SRIG, B 3 Fl NHLCLIEW 5305 10.00 g &85k
WA, IFTE 25 °CFHEFE 2 hy 78 NHLCl Hi#h
5.70 g M N HEERONAE (1, 2, 3 h) XRER
IS 5 S5O E HEA TR DA S, UEVRAE M AR T IR
FE& L IEB 4 1 B TRk TR 15 25245
FREE, HHEMBEK KRR (%), KRERTEAK
mr:
10.00—m,

KEE/% =

Kb m FAREE R, g

2% 1CP KoM FIFR B 22, 7E 5.70 g NH,CL, $i
FE2 h 4R TSRS P Y Ca™ ¥ B4 1.347 mol/L,
FIKHRE N 2.615 mol/L.

1.2.2  #4K CaCOs 89 ) &

] 5.70 g NH,CL, $if£¥ 2 h 508 F 54245
AR BEHATE R B, TENESR S COo, ZUARI
i T8 A 28K T Rz AR i NHGHC O 8K, 15 22 7K I
i —2f 5 15 1R 8, A5 2 ) NHHCO,; ¥ PR A7 &
( 2 PRI 2 15 NH,HCOs ¥ JE N 0.8235 mol/L ),

W5 6 25 VA TRUE ) B Ca® YR A 0.50 mol/L
) CaCly W, J1-e il AH [V B2 7 NHLHCO; %9 -
M NHHCO; 3 A 5 CaCl, 5 NHHCO; £

x100



57

AU, S5 e B R MR R AN R R 1Y 1 A B HL N I PE RE

* 1545

= 15%EF IR EL , 155 NHHCOs-FH8 FRAGR I -
BEERFLR CaCly, ¥R NHHCO-F7 8 PR IR TR
FEFIN AT I8 SN % R, SR 5 TE AR 30 °C
THEE ML S min, B0 TS RIS 299K CaCOs,

HEAMFE LR, WF%E5E Ca¥ W (1.0,
2.0 mol/L ). FriEMRE i (0. 5%. 10% ). MR
BE (50, 70 °C) FshALasa) (10, 30 min) il 45 5%
1%t CaCOs Pk Rt FHHS SRR 52 .

1.2.3 491K CaCO,/PP A 444 %

4 2.00 g 49Kk CaCO; /3 ZE 20.00 mL 2551
K, F3EIY8K CaCOs 40 R . FREX 0.1000 g ff g
FREMTE T 2.00 mL Jo/K B A EI40°K CaCOs 43
HORH, 7890 CTFHEFE 3 h, SRIGIATEL . VEK
A, SEIPEGIK CaCOs,

5 10.00 g PP MR N AF] 50.00 mL —H 2,
SRIGIA 0.20 g SUHE40K CaCOs, 7E 130 °CF ik
EFE 3 hj5E, EHEERAEA 200.00 mL Jo/K H
il PP Arih, i, YRk, THUS RS CaCo;
whnd (LA PPETE, T A 2% e t48 K
CaCOs/PP E &M KL, ik 2% CaCO3/PP,

SR RVRE 9 7 26 6l 4 CaCOs TR INEN 4%,
6%F1 8%IANK CaCOs/PP E-AME D HICH 4%
CaCO,/PP. 6% CaCO,/PP HlI 8% CaCO,/PP,

1.3 FREFZESMHEREMK

XRD U3t : S84 Cu, B HLE 40 V, 5 HLUT 40 mA,
FREHE AR 5 (°)/min, FHHEF 26=5°~70°, FTIR i :
RALHI R vk, BEBGERE 4000~400 em™', 4 HER
2cem’, FAFEREL 40 K,

PP REN . BOPES8 K CaCO,/PP B A B EHE
170 °CF HEARBRAL LT BT BT8R 25 mmx10 mmx
0.25 mm RCTFFES, 7ERFRRREHL L, #M
GB/T 1040.3—2006 X§ ML P40k CaCO+/PP & A M L FE
SRHIMLRIE REZEA TR, JeRFIE S 25 mm, Fi iR
5 mm/min.

2 ZRE5{Tie

21 EEMERIESEGRL

Bl 1a AHEEERSTE] 2 h I9E/F T, NHLCL X
iRy N A

ME 1a iTRVE 1, ERCFERTE 2 h 40T,
BifiF NH,C1 s f 38 m, # K 2k R i 22.31%
PR 23.91%, YR B EN, BB NH,CI
FHH 5.70 g BFEP DR CHR 73006 M CaO $2ELH K
I, JE%E NH,ClFHEEN 5.70 go

 1b S NH,CI & 5.70 g 4, R
) X 93 SR 2 T R P 5

ME b AT LA BEE PR 1 h3E 2 2 h,
BrBE IO B R 21.30%3 8 & 23.41%, 1M 52 st
[BJE—204 % 3 h B, YRR G B RUER S 0.29%,
VLIRS 2 h BRSBTS M CaO BYFREL . UL, 4
FEETE]E R 2 he

30
a
22.31% %/3.41% %/3.91%
7 7 7
%;1. 20 / %
“ 1o} %
_
° 3.80 5.70 7.60
AR
30 b
2130% 23.41% %}_70%
%;20 r //
« 10 / /
B
0 . : :
frEa A/
1 NHLCLAT Ca) FIEFERSED (b) RPBISEIR Tk
i

Fig. 1 Influences of NH,4Cl dosage (a) and stirring time (b)
on weight loss ratio of fly ash
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Fig. 4 XRD patterns (a), FTIR spectra (b), SEM images
(c~e) and particle size distribution (f~h) of CaCOj;
prepared with different amounts of ammonium citrate
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