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Abstract : The high alumina fly ash is mainly generated in central and western Inner Mongolia Autonomous region and the northern Shanxi
province ,in which the content of alumina is up to 50% . The associated content of gallium can reach 60 mg/kg,which is an important sec-
ondary resource containing aluminum and gallium. In order to elevate the value of resource utilization and realize the high efficiency extrac-
tion of low concentration gallium solution during the process of alumina extraction,the gallium containing alkali liquid system of high alu-
mina fly ash Pre—desilication—Bayer—Sub—molten salt method was investigated in the aluminum process. The static adsorption law of galli-
um ions in gallium containing model solution was studied, and the effects of different adsorption time, adsorption temperature, initial con-
centration of gallium and alkali concentration on the adsorption of gallium ions by chelated resin were systematically investigated. The dy-
namic adsorption and elution tests of gallium alkalic liquid with low concentration were verified by using adsorption column. The results of
static adsorption show that the high efficiency of gallium ions containing gallium in low concentration can be achieved by using LSC-600
chelating resin. The equilibrium adsorption capacity of gallium ions with an initial concentration of less than 400 mg/L resin is less affected
by the adsorption temperature. In the system of a gallium ion concentration higher than 400 mg/L.,the equilibrium adsorption capacity of
the resin decreases with the temperature of adsorption. The equilibrium adsorption capacity of gallium ions is the largest when the adsorp-
tion temperature is 50 °C. With the increase of the concentration of NaOH , the adsorption capacity of gallium ions by chelating resin increa-
ses in the first period and then decreases in the last period. The equilibrium adsorption capacity of gallium ions by chelating resin increases
with the initial concentration of gallium ions. The initial concentration of gallium ions is higher than 1 200 mg/L. The adsorption capacity of
the resin is saturated. When the adsorption temperature is 50 °C , the initial concentration of gallium ions is 1 200 mg/L,and the maximum
adsorption capacity of the resin is 36 mg/g when the base concentration is 5 mol/L. The kinetic fitting results show that the adsorption ki-
netics of gallium ions by alkali resin conforms to the quasi—secondary kinetic equation and accords with the chemical adsorption process.
The adsorption isotherm fitting results show that the adsorption of gallium ions by LSC-600 chelating resin conforms to the Langmuir iso-
thermal equation,which indicats that the chelation adsorption process of gallium ions belongs to single—layer adsorption. The dynamic ad-
sorption and eluting results of the resin show that the liquid flow rate is increased with the decrease of the volume of adsorption bed when
the resin reaches the adsorption equilibrium. When the initial concentration of gallium ions, adsorption temperature and adsorption flow rate
are 50 mg/L,50 °C and 2.5 BV/h,respectively,the resin has the best adsorption effect on alkali solution containing the low concentration
gallium ion,and the maximum adsorption capacity is 3. 13 mg/g. The concentration of gallium ions in the eluting solution increases and
then decreases with the increase of bed layer number. The maximum concentration of gallium is 1 936 mg/L when eluting solution is 0.7
BV. The concentration of gallium in the solution of the high concentration (0.3-1.5 BV) is 1 248 mg/L,and the concentration ratio is up
to 25.
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Fig. 2 Relationship between equilibrium adsorption capacity of

resin to gallium solution and time in different temperature
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Fig. 3 Relationship between initial concentration of

gallium and resin adsorption capacity
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Fig. 4 Relationship between different initial concentrations of

gallium ions equilibrium adsorption capacity and temperature
2.1.4 BIREAH T EEIMAEND

BUBE R 2 000 me/L, Bl BE 4330 1.3.5.7

9 mol/L FIREHLIA WL, 7 50 °C T H S WL 24 h, #35
B 5 R iR RS % ) S A8 TR R 2 DG RN AT 5
TN o BRI 118 - A VA O 5 i B e 85 1 R S T
Je FEARS , Bl SR 5 mol /L HSFARS G b 118y W% o 255
K, AT R 50 °C T A W B ik 0 A A vk B Oy
5 mol/L,

40
35
30
25
20

0. /(mg * g™

10

5 1 1 1 1
0 2 4 6 8 10

C(NaOH)/(mol * L)
5 50 CTHEMEEMAEESRRERX R

Fig. 5 Relationship between adsorption capacity of resin to

gallium and alkali concentration at 50 C
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— Linear fit of 25 mg/L
— Linear fit of 50 mg/L

= 25 mg/L
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v 200 mg/L
+ 400 mg/L
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(a)25~600 mg/L
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Table 1 Comparison of experimental and fitting values of

equilibrium adsorption capacity of resins

Co/ Q/(mg-g™)

(mg - L™") e {E M- E YR
25 2.2 1.0 1.8
50 3.1 2.5 3.8
100 5.3 2.3 6.5
200 9.8 6.0 8.9
400 14.3 10.8 16.8
600 20.2 28.3 21.6
800 23.4 37.1 27.9

1 000 27.5 46.9 35.6
2000 34.0 68.4 32.4
3000 34.0 59.0 32.4
K2 E—RIHNFREZRDNEFERLEY

Table 2 Correlation coefficient of quasi—primary and

quasi—secondary kinetic equations

Cy/(mg+ L) R R3
25 0.183 1 0.997 0
50 0. 006 9 0.999 2
100 0.219 1 0.995 2
200 0.505 2 0.998 9
400 0.220 8 0.996 9
600 0.609 8 0.997 0
800 0.768 8 0.998 9
1 000 0.374 3 0.999 8
2 000 0.476 9 0.999 5
3 000 0.624 2 0.999 4
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Fig. 6  Quasi—secondary fitting curves corresponding to different initial concentrations of gallium
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Fig. 7 Isothermal equation linear fitting result in different
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Table 3 Comparison of Langmuir and Freundlich

correlation coefficients

R/ C Langmuir MR R? Freundlich #H ¢ % %% R?

30 0.976 6 0.961 4
40 0.933 4 0.863 5
50 0.984 4 0.983 0
60 0.982 7 0.969 9
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Fig. 8 Relationship between the concentration of gallium in

adsorption effluents and the change of bed layer
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Table 4 Different parameters during adsorption

W CPERKEE/ B WRAUKE WA, IR
(BV-+h') (mg-L7") #i/BV B/BV  (mg-g') F/%

2.5 46.7 11.75 120 3.13 33.8
5.0 42.2 5.73 85 2.43 26.0
7.5 54.5 0 30 1.55 16.6

20001

71500k

on

£

b 1000

=

"g 500 |

1 1 .HI.. B L 2 -
0 1 2 3 4 5 6 7
HFIREHU/BYV
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Fig. 9 Relationship between the concentration of gallium in

the washing liquid and the change of bed layer
3 4 &
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W 56 2 ek RN o 28 404, DRI UEIR 2. 5 BV/h i)
R RE KPRV B 5 B (VR JEE 50 mg/L) BA LS
FA I BRFAACR , b e ok R b i MR 2 B (0.3 ~ 1.5 BV)
BRI EE A 1 248 me/L, & ARAEEGR 25 1%,
143



2019 4E55 4 1y vE

www.chinacaj.net

$25 %

2 % 3Lk ( References) :

[1]

[10]

144

LU Fanghai,XIAO Tangfu,NING Jian,et al. Resources and extrac-
tion of gallium; A review [ J]. Hydrometallurgy, 2017 ,174 ;105 -
115.
BRI, TR/NAR SRR AR AR AR Y Ar AT A 7 B A SR
[1]. %48 ,2017(3) :1-3.
ZHAO Feiyan, ZHANG Xiaodong, GUO Zhaohua, et al. Distribu-
tion production and application prospects of gallium[ J]. Light Met-
al,2017(3) :1-3.

FEEIF, B, M, 4. A R R P ORI 25 G i
[J]. A EE)E OREIIT) ,2011(11) :38-40.

WANG Yufang, WANG Haibei, ZHANG Bangsheng, et al. Com-
prehensive recovery of germanium and gallium in zinc smelting
process| J|. Non—ferrous Metals ( Smelting Part) ,2011(11) ;38—
40.
DAI Shifeng,ZHAO Lei, PENG Suping, et al. Abundances and dis-
tribution of minerals and element in high—alumina coal fly ash from
the Jungar power plant, Inner Mongolia, China[ J]. International
Journal of Coal Geology,2010,81(4) :320-332.
HUGH R. Gallium in flue dust[ J]. Nature,1927,119:783.
XUDOE, Bk, SRR, 45 RSP LI AE A 2 AR A A AT
K TAVATR[T]. iEEvE A 2018 ,24(5) ;26-32.
LIU Hanbin,MA Zhibin, GUO Yanxia,et al. Occurrence character-
istics and industrial prospects of lithium and gallium in coal in
Taiyuan Xishan coalfield [ J ]. Clean Coal Technology, 2018, 24
(5):26-32.
IMR IR, A o o5 2. T ARy MR W8 IR A0 R S 8 3 22
[J]. 48 ,2012(10) : 1-5.
SUN Junmin, WANG Bingjun, ZHANG Zhanjun. Resource utiliza-
tion of high aluminum fly ash and circular economy[ J]. Light Met-
als,2012(10) :1-5.
PRI BT A S ST M. JLsT Rl ik 2016.
TRAE ki 2Rl A KPR TR B IR R BRI BE 5T
[J]. R T HE,2016,36(4) :68-71.
XU Meng, XIN Zhifeng, LI Ting, et al. Extraction of gallium from
fly ash by hydrothermal process with alkali dissolution[ J]. Mining
and Metallurgical Engineering,2016,36(4) .68-71.

2l AR ORAR S BRI A R R X B R R AR ) 52

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

WFE[J]. TEHLEE T ,2016,48(5) :40-43.
LI Ting, XIN Zhifeng, XU Meng, et al. Study on acid leaching
of gallium from fly ash activated by calcination [ J]. Inorganic
Chemicals Industry,2016,48(5) :40-43.
B IRECE IS, R R R R SR I T LA
FEJ]. LY TR, 2014,31(7) :66-69.
LYU Zaosheng,ZHANG Luping, SHUAI Qingyu, et al. Study on
process of enrichment and leaching of gallium from fly ash[]].
Chemistry & Bioengineering,2014,31(7) :66-69.
XUFE LT, R4, FOKNE, %5, BRI &R PR I T 28R
[J]. %4 )% ,2018(6) :24-28.
LIU Yanhong, GUO Zhaohua, WANG Yongwang, et al. Gallium
recovery process technology in acid system [ J]. Light Metals,
2018(6) :24-28.
LI Shaopeng, WU Wenfen, LI Huiquan, et al. The direct adsorp-
tion of low concentration gallium from fly ash[ J]. Separation Sci-
ence and Technology,2016,51(3) :395-402.
208 PR 2o IR A — R R P SRR A BRI 5 T
Bp ISR ) : CN107758714A[ P]. 2018-03-06.
ZEox IR ORAE, TSR ME | A TR BRI AR R O
FHEEAR IR SR [ T]. AR ,2018,24(2)
1-8.
LI Huiquan,ZHANG Jianbo, WANG Chenye, et al. Construct and
research advance in clean and cyclic utilizations of associated
resources in high—alumina coal fly ash[ J]. Clean Coal Techonol-
0gy,2018,24(2) :1-8.
LAGERGREN S. About the theory of so—called sorption of soluble
substances [ J ]. Kungliga Svenska Vetenskapsakademiens Han-
dlingar, 1898 ,24(4) :1-39.
BLANCHARD G ,MAUNAGYE M,MARTIN G. Rrmoval of hea-
vy metals from waters by means of natural zeolites [ J]. Water
Reasearch,1984,18(12) :1501-1507.
S B A R D D N P Ao D A
2005.
NI Zheming, XIA Shengjie, WANG Ligeng, et al. Treatment of
methyl ofrange by calcined layered double bydroxides in aqueous
solution ; Adsorption property and kinetic studies[ J]. Journal of

Colloid and Interface Science,2008,316(2) :284-291.





