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Synthesis and crystallization of lanthanum phosphate via solid state reaction
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Abstract: The low heat solid state reaction method for the synthesis of functional material lanthanum

6H2 () and
(NH,),PO, « 3H,0 as raw materials and PEG-400 as surfactant wia the low heat solid state

phosphate was studied, and the target product was obtained successfully with La (NO;); -

reaction. Crystallization calculated with XRD data of the product was used as the testing index, and
application of uniform experimental design as well as data mining technology were used in the test. The
synthesis tests were performed under the guidance of the results of data mining technology. The test results
indicated that the product synthesized with the optimal technical condition was LaPO, « 0. 5H,O with the
size of 23 nm and crystallization of 97.8% . TG/DTA analysis results indicated that LaPO, could be
obtained from dehydration of LaPO, * 0. 5H,0 at 300C.
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DTA) F NET2SCH STA 409DC #43H71X .
1.2 ZWigit
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x1 ERKF
Table 1 Factors and levels
No.
Item
1 2 3 4 5 6 7 8 9 10
X1 1.0 1.0 1.1 1.1 1.2 1.2 1.3 1.3 1.4 1.4
X, /min 15 15 20 20 25 25 30 30 35 35
X;/C 50 50 60 60 70 70 80 80 90 90
X./h 10 10 12 12 14 14 16 16 17 17
x2 BB ARRER
Table 2 Experimental project of uniform design and results
No.
Item
1 2 3 4 5 6 7 8 9 10
X1 1.0 1.0 1.1 1.1 1.2 1.2 1.3 1.3 1.4 1.4
X5 /min 20 25 35 15 20 30 35 15 25 30
X;/C 60 80 50 70 90 50 70 90 60 80
X, /h 14 17 12 17 12 16 10 16 10 14
Y/% 80. 12 72.34 96.53 62. 47 95.18 88. 69 78.83 83. 54 92.17 88. 46
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Fig. 1 XRD patterns of products
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W3R 2 w9 BCE TS PL R AT 3 28 813 43 B 4b
FESS AR E 0 Oy R A R SR
Y = 66.9847 — 2. 1983 X (X, — 13.8) +
292.3955 X (X; —1.2)* 4+5.7411 X
1072 X (X5 — 70)% + 404. 1849 X (X, — 1. 2)* —
0. 06883 X (X5 —70) X (X, —13.8) b
HRMEIASH N F e R E 3, By
P NAABEE 1, 2, 3B (F, F,,
Fy) @il 17 a=0.01 1 F AL, Jrfmes 4, 5 1
F,. F) it T «=0.025 Y F K3, SOrREE.
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Table 3 Regression parameters and results of F test

Parameter Result Reference Reference

parameter result

F 50. 4870 Fi, 0.0 11.3

R 0.9922 Fi,5C0.025) 7.57

S 2.0059 Fs5, ,C0.01) 15.5

FO 2.0 F >F;,4,(0.0D)

Iy 62. 20 Fy >F,.5C0.01)

F, 31. 67 F, >F,5C0.01)

Fs 149. 64 F; >F,5(0.01)

F, 8. 37 F, >F,.5(0.025)

F; 7.67 Fs >F,5(0.025)

Note; F—F statistic of equation; F;—F statistic of equation
item; S—standard deviation; R—R-square; FO—F critical value.

2.3 BSHEEZE

FA A% 2 19y B AT e Ak 5,
BRI TZSH R X =1.34, X, =50C,
X, =10 h, Y=99.91%,
2.4 EHEHIBEZHE

J T EWE . Dt EEgE, L (D A
DAAZ 4545 20 F S & PR 3RO 45 Fn S0k 52 ) 1) 7 #E

Y = 93.0716 4 292. 3955 X (X; — 1. 2)* +

404. 1849 X (X, —1.2)° (2)

Y = 82.1783 4 0. 2616 X (X5 —70) +
5. 7411 X 107% X (X3 — 70)* (3
Y = 96.7891 — 0. 8227 X (X, —13.8) (D)

M @)~ W) R XY B 2~
4, HY AR (1D PRI g
e, BEE S, Rk WoscEk (1], & 2
T B LR . S A 1 A AR .
W] X, S Se sy I BRI Y AR H. AT
SR SR M R W BRI = ol 2, i
X, (EIAE L5 Y g ERRICE . 1 3 B IF Ha b
PP, ML WA BURE . BOh T RETYRE
ARAFER I Y fE. X, N AE S50 95 [ F BRIUE.
B4 o Xo XY B2 mi i 28

100 |

98 +

Y%

96 |

94

1.0 L1 12 13
X

Bl 2 X, XY B2
Fig.2 Effectof X, onY

X, B, Y [El/N, B TR R Y H,
X, W /ME. B 5 X, Xy s HAERM Y {8
Gk, F X AE AR BN . AN 3k 22 0 T R B
WA . T LA 2 I B Y B A B JR] S
THE. HE 3. K AWM a RS, 4 BT
W, A BAEIE IR 5 M 0 45 55 RS TR B R
BERE—H, WES . HASNHES . B
WE, FR i TORAL X R SR
2.5 WIELW

FAWURS 35 %0 05 #5459 20 0 Bt S Bk AT



« 2946 - 1t T ¢ iz %5 58 %
3000
100
2500
3 = 2000
: |
§§ 90 g 1500 |
£ 4 |
= 1000 | P I [
85}
500 WW LJ
H l
. . . . Wl A
8050 60 70 80 0r W WN Vi M‘
B/C 10 20 30 40 50 60

B3 X XY @52
Fig.3 Effect of X; onY

100
98
X
el
96
94
10 11 12 13 14 15 16 17
Xy/h
4 X, XY #2m
Fig. 4 Effectof X, onY
18
YI%:
16 a—99
b—97
< 14} ¢—95
~ d—93
12k e—O91
10T abede edcba
50 60 70 80 90
X;/°C

K5 Xo. X sCHAEFR Y (855 =4
Fig. 5 Contour map of Y from

X, X, interaction
IGUFSEL . X, =1.34, X;=50C, X,=10 h,
Xo ANREBAIEA WA T7 R, #lnT DL 5256
AR A 2 X, = 15 min, & 6 ZIRIFESL 7Y
i) XRD B, @it J L KA. Bin=%Hh
LaPO, « 0.5H,0, K &4 Lbwn LaPO,, &
A=Y G N 97. 8%, EALLE S R Y

20/%)

6 M PE XRD
Fig. 6 XRD patterns of optimal product

10k 100
0.8
_ 98
e 0.6
3 =
% 0.4 96 8
=
202t 94
0 L
92

|
o
()

200 400 600 800 1000 1200
temperature/'C

7 EmAEFYN TG/DTA
Fig. 7 TG/DTA curves of optimal product

RS R AY=99.91%. H 99% iy B {5 X 16 N
Y =Y£2.585=99. 9142. 58 X 2. 0059 =94. 73 % ~
100% , HCEIE S B0 45 SR F et h BE Y 990 &
{aEIEﬂW K 20 fa/NT 50°HY 3 4% FEATHUE )
IETE (B, *E%E Scherrer AR 312
= ka/(Beos®)
xF D ﬁﬂ*ﬁ%ﬁﬁéy k=0.9 (Scherrer % %0,
A=0. 15406 nm CASOEBAS) » B oA AT 55 I Y 2 U
o CIREE) . 0 Jg A7 5k 0 X B /Y ff . & ] A,
K6 (7 ) S HOR AR h 23 nma. BP0 — UOkE
TR .

7 2muksem =Y TG/DTA K. 1
400 CLAHT TG ik AWM A B R HE: — Ik
BOVPG, n—A b, —H# 290CH1E, Ui
LaPO, + 0. 5H,0 7£ 300°C i 4 B 0] JBi 7K %% A48 5%
LaPO,, PiA 2K B B B2k &Ry 5.6%. i
LaPO, « 0. 5H,O iy ¥ it 2k TR N 3.709%, i
B = W BiE T — ek gy, T ELR B ) B AR



%11 4

EES TR

AR A1 AH B R 1 TR 9 B e

45 52 . 2947 -

TEZR S AR & BSOS o S T

FEE

BAS BN 729 A LaPO, » 0. 5H,0 K, MAINEH

/D E

1) LaPO,. th TG/DTA EI AT A 27 ¥ 1E

300°C g i Kk RBIPR] A5 B 46O ) LaPO, . RP
LaPO, « 0. 5H. O 1 th BLIF A W5 6% 26 4 H 45 7= 1)

LaPO, W15,

W IO ARG A [ A S I i

TR B et A 9 5 3 2 R RO AR AR BIR AN. HL 5
TR 5L, e =z XRD 70 &R 45 5y

97.8% .

12'&,

— WKL TN 23 nm [ LaPO, « 0.5H,O
PRAR AT AR 1T LA A2 1 TR oK R R

AR B A PR BT AL T . R
45 AR SRR AR R B S IR AT 1 R T AT Y

References

(1]

[2]

[3]

[4]

(6]

(7]

Xu Anwu,
You Liping, Yu Jimmy C, Liu H Q. Systematic synthesis

Fang Yueping, Song Ruiqi, Zhang Huaxin,
lanthanide

Soc. , 2003,

single-crystal

J. Am. Chem.

and  characterization of
orthophosphate nanowires.
125. 16025-16034

Wang Ruigang, Pan Wei, Chen Jian, et al. Synthesis and
sintering of LaPO, powder and its application. Materials
Chemistry and Physics, 2003, 79: 30-36

Wu Hongte (Z#E4:), Song Baoling (K5 ¥#)., Sun Yabo
(fMEM) . Huang Zhongyang (# Hdt), Wei Yiping (F
—#), Liao Sen (B #%).

method for the

Data mining technology in a

novel synthesis of sodium aluminium
carbonate hydroxide.
Engineering ( China) (fk T. ¢
1236-1241

Zhou Yimin (J& 25 K ). Xin Xingquan (1 % ).

Synthetic chemistry for solid state reaction at low-heating

Journal of Chemical Industry and
# ), 2006, 57 (5):

temperatures. Chinese Journal of Inorganic Chemistry (JG
Pk 242240, 1999, 3 (5): 273-292

Qian Gang (4% W|), Wang Haijuan ( £ ¥ ), Zhou
Xinggui (J&82%4%%), Yuan Weikang (GZIH ). Modeling of
solid-state polymerization of PLLA. Journal of Chemical
Industry and Engineering (China) (fb T.2%4) . 2005, 56
(1) 157-162

Gan Yiru (H — ), Huang Yongdong (# 7Kk %), Liu
Jinsheng (X| % A=), Zhang Xuezhu (3§ & 7)., Zhang

Guifeng (3K #14). Thymosin a; synthesis with DIC and its

identification.  Jowrnal of Chemical Industry and
Engineering ( China ) (f¢ T. 2% 4 ). 2004, 55 (2):
305-308

Zhan Xiaoli (& % J7), Yang Xiaobo (4% /i), Chen

Fengqgiu ( & F %k ). Grafting kinetics and graft

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

polymerization rate model of solid phase grafting of acrylic
Journal of Chemical Industry and
RO, 2004, 55 (1):

acid on polypropylene.
Engineering ( China ) (fk T. %
110-115

Xie Jianjun (i} # Z£), Liu Pengsheng (X il 4 ), Dai
Wenli G SCFD.

nylon 6 with bifunctional acid

Modeling for solid-state polymerization of
regulator. Jowrnal of
Chemical Industry and Engineering (China) (b T.2%4R) .
2002, 53 (10): 1056-1060

Wu Zhihong (2 &), Liao Sen (B ). Jiang Qiuyu
(F3R5), Song Baoling (K% # ), Wang Jianshe (F #
%), Zhou Mingshan (& 111).
aluminium carbonate hydroxide and « alumina with the novel
method. Light Metal (5243J8), 2004 (9). 12-16

Wu Hongte (R 3t45), Liao Sen (B #)., Wu Wenwei
(% X f), Liao Min (B fi{), Cao Hong (# £1).

Synthesis and characteristics study of multi-micronutrient

Synthesis of ammonium

{ertilizer. Jowrnal of Chemical Industry and Engineering
(China) (B T.%30) . 2007, 58 (5): 1215-1219

Jiang Qiuyu (FER5), Liao Sen (B7E), Wang Jianshe
(F##%), Guan Yushi (X # Bf), Luo Fen (% 7%),
Zhang Kaifen (3 JF75). Synthesis of zinc carbonate nano-
crystals with a novel method and data mining. The Chinese
Journal of Process Engineering (i F: TR 2% 4R) . 2005,
5 (1): 82-85

Liao Sen (B #), Song Baoling (K E ), Wu Wenwei
(R M), Jiang Qiuyu (ZF3RKF), Tan Chunyang (iE#H
BH ). Application of data mining technology to zinc
phosphate nanocrystals synthesis. Nonferrous Metals (F
4 J@), 2005, 57 (1): 30-34

Liu Hao (X]%2), He Yong (fif{f), Bao Luming (fJ %
W), Li Fangfang (Z=3%3%), Yang Mei (#%J8). Effect of
crystallinity on the electrochemical performance of
LiMn,O,. Battery Bimonthly (H, W), 2006, 36 (4):
271-273

Ji Genlin (F#RA), Shuai Ke (M%), Sun Zhihui (#7
#). Data mining technology and its application. Journal
Natural Science Edition

25-27

of Nanjing Normal University :
(R HUMR 4R . HARBRE RO . 2000, 23 (2):
Fang Kaitai (5 JF %&).
Uniform Design (2 57 & i+ 5 3 5 & 3+ %),
Science Press, 1994
Zhou Jixiang (J& 42 %)
MBS A J5 2
Science Press, 1990

Liao Sen (B 7)., Chen Chaoqgiu (B # BK), Hang Jiada
(Bi3% %), Li Weigang (25 45 F).

editing program method using in applied chemistry study.

Uniform Design and Tables of
Beijing :

Practical Method of Progress

Analysis (£ Shanghai: Shanghai

A practical optimum

Journal Teachers Education

Natural Science Edition (] P4 Jifi 0 27 Be 2 3 -
W) . 1995, 12 (2): 75-80

University :

H AR

of Guangxi



