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Fig. 2 XRD patterns (a) and SEM images ((b)—(f)) of carbonization products at different pH values (25 ‘C, 400 r/min,
YCl, concentration of 0.3 mol/L, NaOH concentration of 1.0 mol/L, CO, flow rate of 0.1 L/min): (a) XRD patterns ; (b) pH=

4.8; (¢) pH=5.0; (d) pH=5.2; (e) pH=5.4; (f) pH=5.6
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Fig. 3 XRD patterns(a) and SEM images ((b)—(e)) of carbonization products at different temperatures (pH=5.0, 400 r/min,

YCl, concentration of 0.3 mol/L, NaOH concentration of 1.0 mol/L, CO, flow rate of 0.1 L/min): (a) XRD patterns; (b) SEM
image, 25 C; (¢) SEM image, 35 C; (d) SEM image, 45 ‘C; (¢) SEM image, 60 ‘C
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Table 1 Variation of diffraction peak intensities of each crystal plane at different time (relative intensity I,=(1,~1,,)/1,,)

i ] (002) (101) (020) (103)
Time/min
20/(°) I In/% 20/(°) I In/% 20/(°) I In/% 20/(°) I In/%
50 11.65 485 0 15.73 500 0 19.44 589 0 22.88 427 0
60 11.77 600 24 15.76 758 52 19.41 1169 98 23.03 611 43
70 11.79 753 55 15.67 889 78 19.41 1542 162 22.93 753 76

WIERE). ERERH, (020)F M MATHIERE R K WEbEHAK . IR 1 AS[R] b i A A7 5 5 T
H¥mE A . b an, BRI AT (EAM T DB, 54K 70 min B AS ] & T AR ST
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carbonization process at different time (35 ‘C, pH=5.0, 400

mol/L, NaOH
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Fig. 5 SEM images of carbonization products during carbonization process at different time: (a), (a") 10 min; (b), (b") 20
min; (c), (c') 40 min; (d), (d") 60 min; (e), (e') 70 min
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Fig. 6 TEM images, spot diffraction and lattice stripe plots of carbonization products during carbonization process at

different time: (a) 20 min; (b) 40 min; (c¢) 60 min; (d) 70 min; (e) 70 min, spot diffraction; (f) 70 min, lattice stripe plots
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Fig. 7 Schematic diagram of crystallization growth mechanism of carbonization products during carbonization process at

different time: (a) 10 min; (b) 20 min; (¢) 40 min; (d) 70 min
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Fig. 8 XRD patterns (a) and SEM images ((b)—(f)) of yttrium carbonate prepared by carbonization at different stirring
speeds (pH=5.0, 35 'C, YCI, concentration of 0.3 mol/L, NaOH concentration of 1.0 mol/L, CO, flow rate of 0.1 L/min):
(a) XRD patterns; (b) 300 r/min; (c¢) 400 r/min; (d) 500 r/min; (e) 700 r/min; (f) 900 r/min
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Fig. 9 XRD patterns (a) and SEM images ((b)—(f)) of yttrium carbonate prepared by carbonization at different CO, flow
rates (pH=5.0, 35 ‘C, YCI, concentration of 0.3 mol/L, NaOH concentration of 1.0 mol/L, 700 r/min): (a) XRD
patterns; (b) 0.04 L/min; (c¢) 0.06 L/min; (d) 0.1 L/min; (e) 0.2 L/min; (f) 0. 4 L/min
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Fig. 10 XRD patterns (a) and SEM images ((b) — (e)) of yttrium carbonate prepared by carbonization at different
YCl, concentrations (pH=5.0,35 ‘C, CO, flow rate of 0.1 L/min, 700 r/min): (a) XRD patterns; (b) 0.1 mol/L; (c) 0.2 mol/L;

(d) 0.3 mol/L; (e) 0.5 mol/L
& BT A R b B PTUE SO 1 S R 1 R IR AT
3 g (AR, TR FOR G R Sk
3) WA IS AR P PR . CO, s & YCL IR
1) CO,BRATTIE YCLIFR I FE SR R pHE . WERERECH 25 s/, ANAE R YCL IR EEFI CO,
W RIS R, fEYCLIREE M 03 molL,  VRIE N, BRERECHISE i SR A FEMR. CO, Mtk T
WA pH A 5.0, HE R E R3S Clopr s, | SWE IR, RARRAT. R
M COLBALHET Atk R s s g SM RIS REAER.
SEERUTVE, ZE RG24 73 9 Y,(CO;),2H,0.
2) BRAL A it — A € 9] A OA £ R G K KL
T 5 [A) A AN B TR FO R 3L OR WL =S I [1] WAKEFIELD G, HOLLAND E, DOBSON P J, et al.

REFERENCES



B3 EHH

ER P
SRR, %

5 CO, TATER # i IO IR B M LRI L 20 5t

2377

(2]

(3]

(4]

[3]

(6]

(7]

(8]

[9]

Luminescence properties of nanocrystalline Y,0;: Eu®' [J].
Advanced Materials, 2001, 13(20): 1557-1560.
WU Yang, CHEN Jian-jun, DENG Jie, et al. Mesoporous
yttria-zirconia  solid solution with improved textural
properties prepared via lauric acid-assisted synthesis[J].
Ceramics International, 2020, 46(16): 25211-25219.
X EDE, RIRE, AT DK BRI % S RAE[T].
16 1FE, 2006, 26(3): 78-80.
LIU Zhi-giang, LIANG Zhen-feng, LI Xing-ying.
Preparation and characterization of nanometer yttrium
oxide[J]. Mining and Metallurgical Engineering, 2006,
26(3): 78-80.
LEMESHEV D O, LUKIN E S, MAKAROV N A, et al.
Prospects for creating new optically transparent materials
with yttrium oxide and yttrium aluminum garnet (review)[J].
Glass and Ceramics, 2008, 65(3/4): 128-130.

i, s, B O % i S M & T 2R E
BUIR[I]. iR 58T, 2019, 47(8): 1-9.
LIANG Xiao-yu, LI Hai-tao, ZHAI Lei, et al. The present
situation of the preparation process for high-temperature
superconducting tapes[J]. Cryogenics & Superconductivity,
2019, 47(8): 1-9.
REIRAA, XIBe P, IR, &5 . YIS M & 90K M LS
IR SBR[ # 12, 2013, 34(2): 81-86.
XIONG Xiao-bai, LIU Ling-sheng, LI Ming-dong, et al.
Status in study of nanometer rare earth oxides prepared by
precipitation methods[J]. Chinese Rare Earths, 2013, 34(2):
81-86.
FE/NE, B, AR, A BRIR SN D B S B R B 1
gh I FERT AE[D). B )8 SR A 4, 2001, 29(2): 4-8.
JIAO Xiao-yan, LUO Xian-man, YANG Yu-jun, et al. Study
of crystallization process during La and La,(CO,),
precipitation with sodium bicarbonate[J]. Rare Metals and
Cemented Carbides, 2001, 29(2): 4-8.

ER R, R, REARAE, S5 BRIREAIE DIUE A 5 BRIR M L
FIFFFE[I]. B3R, 2015, 24(2): 44-46.
WANG Song-ling, LIU Yan, CHENG Fu-xiang, et al. A
study on preparation of rare earth carbonates using sodium
carbonate[J]. Mining and Metallurgy, 2015, 24(2): 44-46.
LVETN, BRg i, R L, 45 . R BRI AN AR I e 7 ) 4 1G4
BRESHA[I]. 71, 2015, 36(6): 118-122.
JIANG Xiao-li, CHEN Jian-bo, GUO Shu-shan, et al.
Preparation of low sodium lanthanum carbonate with

precipitant of sodium carbonate[J]. Chinese Rare Earths,

2015, 36(6): 118-122.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

w2 ot e, FhITES, A IE AR A L Ak R S A
FIRER RS B B A (0], T B BRIRLE SR, 2019, 37(5):
17-19.

GAO Xi-gui, SUN Ming-hua, SUN Ming-xia, et al. Study on
preparation of barium carbonate by orthogonal test method
and sodium bicarbonate[J]. China Resources Comprehensive
Utilization, 2019, 37(5): 17-19.

NAGASHIMA K, WAKITA H, MOCHIZUKI A. The
synthesis of crystalline rare earth carbonates[J]. Bulletin of
the Chemical Society of Japan, 1973, 46(1): 152-156.

e [ 4R, IR, JE/NDT, S BRIRACTTIE 45 d I e B L5
K 2L [T]. H E A (4 8 4R, 2020, 30(10): 24572474,
GAO Guo-hua, LAI An-bang, ZHOU Xiao-fang, et al.
Precipitation crystallization process of yttrium carbonate and
its influencing factors[J]. The Chinese Journal of Nonferrous
Metals, 2020, 30(10): 2457-2474.

BB, LI, IR A, A BRTERANTOUE A B R B
WEFE[I]. ¥ L, 2020, 41(6): 18-27.

HE Qiang, LAI An-bang, GAO Guo-hua, et al. Preparation
of crystalline lanthanum carbonate by sodium carbonate
precipitation[J]. Chinese Rare Earths, 2020, 41(6): 18-27.
BANG J H, JANG Y N, KIM W B, et al. Specific surface
area and particle size of calcium carbonate precipitated by
carbon dioxide microbubbles[J]. Chemical Engineering
Journal, 2012, 198/199: 254-260.

FRICKER K J, PARK A H A. Effect of H,O on
Mg(OH), carbonation pathways for combined CO, capture
and storage[J]. Chemical Engineering Science, 2013, 100
(30): 332-341.

T, AR, SR, 45 BRI B AL = A S L3l g 27
WFFR[]. k2% TFE, 2008, 36(1): 37-40.

YI Wen-tao, YAN Chun-yan, MA Pei-hua, et al. Kinetic
study on direct carbonation of Li,CO, slurries by CO,[J].
Chemical Engineering (China), 2008, 36(1): 37-40.

HHE, T, IR, L SRR & E A SR
RRIEFED). o ERG 2E4R, 2014, 32(2): 197-204.
XIAO Yan-fei, WANG Meng, FENG Zong-yu, et al.
Preparation of lanthanum oxide powder by carbonation with
carbon dioxide[J]. Journal of the Chinese Society of Rare
Earths, 2014, 32(2): 197-204.

LAI An-bang, HE Qiang, RAO Ming-lu, et al. Synthesis of
highly uniform ceria nanosheets by carbon dioxide
carbonization and their growth mechanism[J]. Journal of

Solid State Chemistry, 2020, 290(9): 121593.
KONISHI Y, NODA Y. Precipitation stripping of rare-earth



2378 T EA R R 2022 4 8 H
carbonate powders from rare-earth-loaded carboxylate Science, 1998, 281(5379): 969-971.
solutions using carbon dioxide and water[J]. Industrial & [24] BN B 3 MR B 9K A A R Kl T2 E T
Engineering Chemistry Research, 2001, 40(8): 1793-1797. AR &7 05 R OE Mo R 45 b i R 00, o LR A2,

[20] FEREN, XURER, B 5= 75 . 355 % /K P b R T 4 F 2 i v 2012, 42(11): 1554-1575.

T, " EAIE, 2011, 30(2): 128-131. XUE Xiao-gang, HUANG Feng, LIN Zhang. Oriented
YAN Zhi-wei, LIU Hui-li, TAO Zong-tao. Temperature attachment crystal growth kinetics and its roles in tailoring
effect on carbonic acid balance in water[J]. Carsologica optical properties of quantum dots[J]. Scientia Sinica
Sinica, 2011, 30(2): 128-131. Chimica, 2012, 42(11): 1554-1575.

[21] 2k i, BEAR %, 2HE T, 55 Y,(CO,), WTTIE 4 M id i 5 i [25] LI Jing, ZENG Hua-chun. Hollowing Sn-doped TiO,
RERNERIT. b E #1244, 2016, 34(2): 180-188. nanospheres via Ostwald ripening[J]. Journal of the
ZHU Wei, QIU Dong-xing, PEI Hao-yu, et al. Precipitation American Chemical Society, 2007, 129(51): 15839-15847.
crystallization process of yttrium carbonate and size [26] GREER H F, T, A9\ . Ae4L 50 SR 2 K 7 10
controlling synthesis of yttrium oxide particles[J]. Journal of 22[0]. WP ERFE: 402, 2012, 42(1): 74-83.
the Chinese Society of Rare Earths, 2016, 34(2): 180-188. GREER H F, YU Feng-jiao, ZHOU Wu-zong. Early stages of

[22] B& 45 BRERAC . BREREL(N 4 & KA R EABFL[D]. M & non-classic crystal growth[J]. Scientia Sinica Chimica, 2012,
K2E, 2005, 42(1): 74-83.

HUANG Ting. Crystallization of yttrium and neodymium [27] ZEK%5, B W AT/, & IR L I DTTE 5 45 g 2
carbonates and the relative technologies[D]. Nanchang: (). HEA B4 E SR, 1999, 9(1): 165-170.
Nanchang University, 2005. LI Yong-xiu, LI Min, HE Xiao-bing, et al. Precipitation and

[23] PENN R L, BANFIELD J F. Imperfect oriented attachment: crystallization process of rare earth carbonate[J]. The

Dislocation generation in defect-free nanocrystals[J].

Chinese Journal of Nonferrous Metals, 1999, 9(1): 165-170.



B3 EHH SeRS, SF: CO, AL % i YRR IR B O HLER AN L 2T 2379

Study on mechanism and technology of preparing crystalline
yttrium carbonate by CO, carbonization

CHAI Zhou-yi" %, LAI An-bang" % GAO Meng-lan"?, ZAN Miao-miao"?, XIAO Yan-fei'-2

(1. Faculty of Materials Metallurgy and Chemistry, Jiangxi University of Science and Technology,
Ganzhou 341000, China;
2. Ganzhou Engineering Technology Research Center of Green Metallurgy and Process Intensification,
Ganzhou 341000, China)

Abstract: Yttrium oxide is an important rare earth oxide, which is widely used in many fields, and yttrium
carbonate, as an important precursor for the production of yttrium oxide, has an important influence on the
preparation and product performance of yttrium oxide. In this paper, CO, carbonization method was used to
prepare crystalline yttrium carbonate, and the carbonization process was explored by XRD, SEM, TEM. The
morphology and structure evolution mechanism of yttrium carbonate crystal during nucleation and growth process,
and the effects of CO, flow rate, stirring speed, and YCI, concentration on the crystallization performance were
studied. The results show that a large number of needle-like crystals intertwined flake crystal yttrium carbonate
dihydrate can be obtained under the conditions of pH 5.0 and system temperature of 35 C, and its growth is a
coexistence process of Oriented attachment (OA) and Ostwald ripening (OR) mechanisms. Moreover, after
determining the temperature and pH, the stirring rate, CO, flow rate and the concentration of YCI,; during the
carbonization process have little effect on the crystallization of yttrium carbonate. The CO, carbonization method
has the advantages of environmental protection, simple operation, mild conditions and easy industrialization, the
method can provide a reference for the green and efficient preparation of other crystalline rare earth carbonates.

Key words: carbon dioxide; carbonization; yttrium carbonate; crystallization mechanism; oriented attachment;

Ostwald ripening
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