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Table 1 Chemical compositions of waste

polishing power
CeO, La0, ALO, SiO, F CaO Fe,O; PryO;; Nd,O,
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Fig.1 XRD pattern of waste polishing power
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Fig.2 Effect of leaching temperature on the leaching rate of
CeO, and the free energy of reaction

2 2R O B A ¥
A

A T B4 2 A R W BT R)  NEa H, 2
RN R GE ) E R AAGY N Sl H AR RO,
RN A REPE BRI B
CeO, RAMAFAEEME A MR B H AR r) i, 38
WA (n Hy0,, BAr. Bk, =
R Af Ce" B R Ce™*, E— L4 m i 2R 1)
WA ERRR A R O6 ) PR AR B v T R 5
W (D~ (3
4Ce0,( s) + 12HCl(aq) = 4CeCl;(aq) + 6H,0(aq) + 02((%

La,0;( s) + 6HCl(aq) = 2LaCl;(aq) + 3H,O(aq)  (2)
Al,O5( s) + 6HCl(aq) = 2AlICl3(aq) + 3H,O(aq)  (3)
Hrp, [, ag- WA, HBES, gA&. i
(D) ~ (3 KR Gibbs H HIfiEA,G, %
R/
A.G, =AG’ +RTInK @)
A 4 Fe AR E, 8314 J'mol K
TR, A7 Ks K-V, &M (1) ~
(3) RV Gibbs Ak [ HIRE (A,GY) 18I #5241
T3 BEIR 34 (n) IMABUARE Gibbs H HH BEAGY 3145
(5) :
AG: = Z viAG (products) — Z w;AG} (reactants)
(5)
A vin u 2RI N T AL R
By M (D o~ (3) o VR KK IR 4
b4



.« 60 Wrrera A 2023 4
4 6 4
]=[Ci?%iY?sng”] ©) AGm=Ax%+RTm%%§$% ©)
eU,] -
2
- [LaCls]* - [H,OT 7 A.G, = AG’ +RTIn [L“Cl31 (10)
[La,0;)* - [HCII® [HCI]
, AICLT
[AICLY - [H, 0T AGm=Aih+RTm[HCﬁ atn
7 [ALOP - [HCI ® S 25 A4 S L 2[~4 |
X (6) ~ (8 : [H,0]. [CeO,]. [HCI] 150 505
[0,].  [CeCL]. [La,05]. [LaCl]. [ALO;] sk 1300 2
[AICL,] 73 3 49 & WA (1) 3% B (mol/kg), {EAE Gitk S 100l \ {-305 5
2, Al AR AR O 1, R §7& P T
[CeO,]. [H,0,]+ [La,05]. [AL,O5] A1 [H,0] B 1H ”é“ ol _/ o 1-315 §
W1, RNAEATFREREAEAT, E bRk 5 R v A
SR, BT [O,) IR 1, B A I B AL B~ 1505 2
VEIRCHC I SR AR I o AR S BT I 1 5 0 SR ) 2 ot 330

SRR 21,
®2 WIRESRNFHE

Table 2 Thermodynamic parameters of substance

, o s OHRS  AGRS/ Sm®/ Cpm®/
Y de e (kj/mol) (kj/mol) (J/(K-mol)) (kJ/(K-mol))

;i HCl (D -167.44 -131.17  55.10

Fbdli - CeOy(s) -1088.7 -1024.6  62.3 61.6
A LayO4(s) -1793.7 -1705.8 1273 108.8
M ALOs(s) -1675.7 -15823 509 79
FALHl CeCly(aq) -1053.5 -977.8  151.0 87.4
HALH  LaCly(aq) -1071.1 1028.99 108.8
FAbE AlCly(aq) -704.2 -628.8  110.7 91.8
K H,0(aq) -285.8 -237.1 70.0 75.3
A 0,(g) 0 0 205.2 29.4
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Fig.3 Effect of leaching temperature on the leaching rate of
La,0; and the free energy of reaction
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Fig.4 Effect of leaching temperature on the leaching rate of
Al,O; and the free energy of reaction
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Fig.5 Effect of concentration of HCI on the leaching rate of
CeO, and the free energy of reaction
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Fig.6 Effect of concentration of HCI on the leaching rate of
La,0; and the free energy of reaction
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Fig.7 Effect of concentration of HCI on the leaching rate of
Al,O, and the free energy of reaction
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Iron Removal from a High-lithium Coal Fly Ash by Magnetic Separation

Zang Jingkun, Cheng Wei, Pan Xueling
(College of Mining, Guizhou University, National & Local Joint Laboratory of Engineering for Effective
Utilization of Regional Mineral Resources from Karst Areas, Guizhou Key Laboratory of Comprehensive
Utilization of Non-metallic Mineral Resources, Guiyang, Guizhou, China)

Abstract: This is an essay in the field of mineral processing engineering. In this study, coal fly ash from a
power plant in Guizhou was used as the research object. A series of test methods were comprehensively
applied to the determination of the mineral composition and element content of coal fly ash. The results show
that the main minerals in coal fly ash are mullite, quartz and iron minerals (5.46% magnetite and 4.77%
hematite) , and the main chemical components are SiO,, Al,O, and Fe,O,, with the contents of 36.88%,
20.89% and 14.58%, respectively. In addition, the content of lithium is as high as 307 g/t, which shows a
certain comprehensive utilization value. Particle size analysis shows that the cumulative yield of coal fly ash
below 75 um is as high as 83.4%, which indicates that the overall particles are finer. Lithium and iron are
mainly concentrated in the -75 pm fraction. Reduction roasting was used to convert the weakly magnetic
hematite in coal fly ash into strong magnetic magnetite, and then the wet magnetic separation method was
used to remove iron from the fly ash. The results show that with the residual carbon in coal fly ash as the
reducing agent, the roasting temperature 700 ‘C, the roasting time 45 min, and the magnetic field strength
240 mT, and followed by a magnetic separation process of "one roughing-two sweeping", the iron removal
rate reaches 63.27%, and the lithium recovery is 80.31%.

Keywords: Mineral processing engineering; Coal fly ash; Reduction roasting; Magnetic separation; Iron
removal
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Thermodynamics Analysis on Hydrochloric Acid Leaching for Waste
Ceria-Based Rare Earth Polishing Powder

Dong Shuo'?, Zhang Bangwen'?, Zhao Ruichao', Bulin Chaoke®, Liu Fang’
(1.Instrumental Analysis Center, Inner Mongolia University of Science & Technology, Baotou, Inner
Mongolia, China; 2.Materials and Metallurgy School, Inner Mongolia University of Science & Technology,
Baotou, Inner Mongolia, China; 3.Inner Mongolia Jincai Mining Co., Ltd, Hohhot, Inner Mongolia, China)
Abstract: This is an essay in the field of metallurgical engineering. Thermodynamics of the reaction,
hydrochloric acid leaching for waste ceria-based rare earth polishing powder, was studied in this work.The
influences on the leaching rate of the waste polishing powder was respectively considered including
hydrochloric acid concentration and leaching temperature in the experiment. The result of the Gibbs free
energy of leaching reaction and leaching experiment showed, thermodynamics theoretical analysis was
consistent with experiment date for CeO, and La,0;. CeO, could not be immersed in dissolution, and La,0,
was easy to get leached. However, the experiment result was quite opposite of theoretical thermodynamics
calculation for Al,O. The Gibbs free energy of leaching reaction for Al,O, were always a positive value,
and Al,O; from the waste polishing powder couldn’t be immersed by hydrochloric acid, but experiment
result indicated that the Al,O5 leaching rate can be stabilized above 91%. Amorphous forms Al,O; had high
reactive activity in the waste, but the thermodynamic parameter of inert Al,O; crystal structure (corundum)

was adopted in the Gibbs free energy calculation.
Keywords: Metallurgical engineering; Waste ceria-based rare earth polishing powder; Hydrochloric acid
leaching; Thermodynamics of the reaction; Leaching rate



