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Table 1 Main components of beryl ore

( mass percent) %
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equipment and reagents

Bkl s g ik B ST

KW E TR IR 7% SHA-BA  &infHFAUEHREABRAR
A3l BR-14S-8 A H IR
MnF, M823850-99. 99% MACKLIN # 5k
R N H811354-500ml MACKLIN Z ik

T 5 B MnF, FF & CE T B4 09 % )
o FEIR G R HE T IR IR XT L MnF, A 5L E
H,0 KRR F—E W B HF R R T RIS 0, 1K
WEFEA R AYHRLEE (30 °C .40 °C .50 °C .60 C) JF &
S, AR INFASE B e o 2 W U B L R AT
M, U AG I 22 < 5% , DR HAE Pk B 2k fi
K13 MnF, ZERRMR R T B AR

2 ZER5THE
2.1 MnF, HBHHFE0
AFEAZRT MnF, BRSSO ILIE 3

40,
_35¢
%o 50l MnF,-HF-H,0
g
o 251
c
7 2.0
i
& 15F
2o MnF -H,0
0.5 1 1 Il
30 35 40 45 50 55 60

BETC
B3 MnF, (7 Bl 122 fh i 2
Fig.3 Solubility trend of MnF, as a function

of temperature
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Fig.4 MnF, reaction phenomena in different

systems
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Table 3 MnF, solubility/(g-100"-g™")

RE/C 25 30 40 50 60

BLibrN S 5 1. 12 0. 94 0. 69 0.52 0.41
S A 1.03 0.98 0.78 0. 64 0.54
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decomposition of BeF, as a function of temperature

1.91 x 107, X A1 BUAR K, Q0 SRAN % e i g 2%
TG BeF, W CIR Tk, T4 0 T bR, 3
FEFT I A5 19 BeF, fx KU ff B2 vl ik 2] 117.5 ¢/
100 g[17,21] )
MIRZR A HF B, 207 1ER(9) KOV,
BeF,(aq) +2HF(aq)=H,BeF, (aq)
AG” =121 200 —349. 3T (9)
B SN T HF WREE A ¢, SPAETIRE A4 g i) e i
WER x, BeF, TERBH R IE A o, W] HF £ F
¢ —2x,BeF, F T a —x, F 0 LAES FIE AT Hm N
X (10)
BeF, +2F  =BeF>" (10)

FHHHK TR

Yix
= 11
s y o g ¥5 SRR LY

MRS B 5 Wy, ~0. 1.y, =0.585 -
0. 1521gx FR AR (11) , ATf5(12)

(0.585 -0. 1521g x)x - AGY
:K:
¥2(a-2)(0.1(c-2x))° » (Tr~)

(12)
gt (13),
¥,(a-x) =(0}£?§1_((1'_15211;g;;)x (13)
M =373 KK ,K=18.7, 1T K AR, HILHE
W BEAFTE BeF, , WAETE H,BeF, , H,BeF, Ak A%k
P T SR 2 1 A FE L HF WREE S
2.2.2 BeF,-MnF,-H,0 1A%
MnF, 7€ % W DL 78 X0 g i 22
BeF, . LAZHR N, Mn®* (R EE R 0. 12 mol/L, F~




2025 £ 12 A% 6

IS5 . HEF -BeF, {RF 1 MaF, % fHLaE 159

WRE IR E] 0. 24 mol/L, 1fi BeF, f &= F~ ik
HA70.007 mol/LM ) 2 MnF, A8 B = A ) F -
WIEIY 2. 9% , %5 BB B AT 2 BR iR 22, AT LA
ZW% BeF, PR F- X% MnF, SR, 32
MnF, F2AE Y F~ 225200 BeF, , i HoA: i BeF; ™ iz
[

MR (3) | (4) KHTSCHTR, iR 40 C
BF 06 R BN 0.35, Kk MnF, AT
0.168 mol fJ F~ , F7/EH) F~ 425 BeF, KR (14)
B

BeF, +2F =BelF.~ AG’=94987 —812.2T

(14)

B FHIE FEACA BeF, +2F  =BeF:~ W 2

H AR (15) .

aBeF%’

Z (15)
MR R 40 °C I, AG” =94 987 —812.2 x (40 +

273) = =159 232 ], # a, - =0.059 fLA, #4550

(16) .

AG =AG’ + RTLn

Apery-
0.059%
~144 973 +2519. 1In .- (16)

Wl IR NHAT AT AG <0 BT B ay, - <
9.8 x 10* mol/L, M LA Hi , 3% 4> K2 N 726 7 mT LA
AT,

BRIt , R TE BeF, W A 7E MnF, , MnF,
S FT 5 BeF, 454, U i H e 0 28 1) B A7 5
F BeF, ™,

2.2.3 HF-BeF, -MnF, -H,0 K R f#

AR Z R HF Al MnF, #8507 DIEEAE - DI A
BeF, N7 Bel, ™, Hirh k- BACRE TR
J I EAR G HF ¥ BE A MnF, ¥ B 4 B4 8 (8 i
i, B Bek, N & H—3KkMB T F Ak
BelF; ™, MLHT BelF} ™ fEMh T ZEMIHE 7454,
PInTAS Mn®* T8 B i B SR A 1Y) MnBeF4“7‘21] ,
AFRRM R IEAI A (17) FI(18)

MnF, + BeF, =MnBeF, (17)
2HF + BeF, =H,BeF, =
H,BeF, + MnF, =MnBeF, +2HF  (18)

W BeF2~ 1 Mn®* J2 W B MnBeF, J&5 ik A

Pz, W25 LA H,BeF, JE U B 763 WA, i & T

AG=-159232 +2519. 1In

Mn®* ARIEHTSCHFSE , HAS B 5 A B AN &5, 60 °C I,
MOFI I BE 20l 0.41 ¢/100 g, 45 51 & Mn?* Al
BeFi_ LAY MnBeF4,ﬁ—ﬁ3r§%1E§T MnF, i
IR, BRILZAM, 7E Bel, ™ i JLRAS , Sit—240
ifi] MnBeF, f# & m Mn®* L2 BeF, ~ F= A4 i [A] &5
FRER, MnBeF, 52 %] BeF; ™ ) & £k X
(19),

2
X

Xy = (19)
Cpery-

A x, ) MnBeF, 52 5| BeF2™ MYl 55 ;1,4 Mn-
BeF, 757K P M R fLIE

WA (19) 12 HF S 50% HPRZS  cpopg- =
2.2 mol/L, T MnBeF, 7E 7K H %) 1 F1 5 fift B2 29 1
0.007 mol/L""72"" '] MnBeF, 52 BeF>~ )5 Wi fift 55
JEAL S 2.23 x 107> mol/L, 37 B i B 4 3. 12 x
107 (g/100 g) . PRI W AFAE BeF; ™ X Rk 2%
JARA Bl

3 g

A SCER X BT 10 Mk rh B R A I BR e e R
PLHF (R 2 MWF5E T8 5, 30T T S b & e 9as
HRalifb it B I AL 15t DU F2E58

1) MnF, 7E7K A3 g BEARAIR , 23 B 5 TR B )
T RAAR, FE C A — 22 W BE () HF /K R 1, MnF,
(R AR 25t T H,MuF, 5998 BT A B2 7 5 MoF,
FIHIS IR REE M 0. 69 ¢/100 g( AR SCIRERH M 0. 78
g/100 g) , H FE D& FIL W, AR T 5
T G 1k AT DL 220

2) 4 H,0 -HF K& /ETE BeF, i, BeF, ¥ fif
FEAR T, B TP A B BN W T BEAFTE BeF,,
WAFTE H,BeF, , H,BeF, ¥k B 505 BRI F 52 bR 4%
F AR B HF W4

3) 1£ BeF, -MnF, -H, 0 /&R &, i T MnF, DIES
TR RACTE W I FEEZAR T BeF, LLEFIE
AR AR, L, 76 & AR &R b, MnF, &7
F~ 5 BeF, 454, & A om f A I 28 19 e 7 25 F
BeF:

4) 7£ BeF, - MnF, - H,0 - HF {& & | HF F0I
MnF, [FIEF AT USRAE F- OB A BeF; ™, B S FIfR &
(1) Mn®* 256, JE B 2 BEAIR Y MnBeF, , 43 ) F 44
TR LR, A% I A B8 1 23 DL H,BeF, B2 B 76



- 160 - v E A E LA RIH 5
?W?&WO thermal method for removing fluorine from products of sulfuric
I: %%i%jcrﬁj‘(] acid leaching of beryllium ores at UMP JSC[ J]. Procedia Chem,
[1] ZHONG Shan, HU Min, ZHANG Lishan, et al. Toxic metals and 2014, 11113 - 118.
. . . . [12] BORSUK AN, ZHERIN II, AMELINA GN, et al. Fluorine
the risks of sludge from the treatment of wastewater from beryllium
. ) distribution during thermal treatment of sulfuric acid leaching
smelting[ J]. Chemosphere, 2023, 326 ;138439 —138441.
. . . products of complex beryllium raw materials at JSC UMP[ J].
[2] LI He, MABHIZA Tariro, NING Yadong, et al. Solvent extraction
, . . . . . . IOP Conference Series: Materials Science and Engineering,2016,
and recovery of beryllium from hydrochloric acid solution with
135(1) :12 - 15.
naphthenic acid [ J ]. Separation and Purification Technology, ( ) . . P .
024 331, [13] WSS, 9B, T4, 55, USRI B BB M2k b AL
- PR 3% (1], AT R CRIEHEAY) | 2023
(31 SRR, AR, B, 4. BRI R TR T (10) 42 48 ’
SRBBIF[)]. BEA A4, 2023, 52(5) 105 - 111 S
e " SHEN Yaozong, GUO Peimin, WANG Lei, et al. Leaching
SU Yucheng, LEI Zhiwu, ZHAO Xu, et al. Experimental study
thermodynamics of oxide impurities in a new route of beryllium
on room temperature circulating precipitation process of beryllium oredissociation by hydrofluoric acid [ J]. Nonferrous Metals
ore leaching neutralization liquid [ J ]. China Nonferrous (E e Metall ). 2023(10) 142 —48
xtractive Metallurgy ) , 142 -48.
Metallurgy, 2023, 52(5) ;105 - 111. . N . .
ctalturgy (3 [14] WS, WIS, TA, %, HF HRR AIF, RS RE S
[4] THOMAS M. KLAPOTKE, STANISAW Cudzilo, Waldemar A. SELHLIRL J/0L] . AL THER 20241 -9
Trzcinski, et al. Energy and blast performance of beryllium in a ;HEN YA C.UO Peimi ’WAN-G L 4. L al. Solubility and
aozong, eimin, ei, et al. Solubility an
model thermobaric composition in comparison with aluminum and purification mechanism of AIF, impurities in HF system[ J/OL]
3 .
. Defence Technol 2024 :13 - 19.
magnesium( J]. Defence Technology, »36:13 -19 Chemical Industry and Engineering Progress, 2024 .1 - 9.
[5] TMIUR Asutomu. Purity determination of high-purity BeO using [15] BER. TE, 14 AR A AL B A A
(=] ffi < /\ 5 wa KE
gravimetric analysis with stepwise conversions of weighing form of I RBAL BRI . JES0T . CN112794343B[ P, 2022
i H, : o, . -
Be[J]. Talanta Open, 2024, 91.:307 —309. 12-16
[6] TIAN Qinghua, WANG chao, LI hao, et al. Extracting beryllium GUO Peimin, WANG Lei, KONG Lingbing, et al. A method for
from beryllium ~fluoride by - magnesiothermic ~reduction [ J]. the purification and preparation of ammonium beryllium fluoride
Metallurgical and Materials Transactions B, 2024, 55(3) :1668 - from  beryllium  fluoride-containing  mixtures:  Beijing
1679. CN112794343B[ P]. 2022 -12 - 16.
(7] Bk, W%, oM. BERBEPAT PRI E LSBT Y [16] EER, Mili, £7, 4 —FAGH A b E b,
IR T]. BRTHR, 2018, 38(4) :54 —56,60. LT, ON112322893A [P]. 2021 - 02 0.
GENG Zhigiang, HUANG Hongjun, SUN Wei. Experimental GUO Peimin, ZHAO Pei, WANG Lei, et al. A method for
study on flotation enrichment of beryllium-containing minerals in a leaching beryllium from beryl: Beijing, CN112322893A [ P].
hydroxysilicon beryllium ore [ J ]. Mining and Metallurgical 2021 =02 - 05.
Engincering, 2018 , 38 (4) ;54 =56 + 60. [17] WA SETFMGIER L. BRI FIM]. 5.6
(8] CEN. HORARIE R B S b R BRI D . G TR, 2008:67 - 102,
Jent: P EMETR, 2017. Editorial Board of the Handbook of Rare Metals . Handbook of
WANG  Xian. Research on the application of hydrothermal rare metals. Next[ M ]. Beijing: Metallurgical Industry Press,
diamond pressure chamber in beryllium mineral crystallization 2008 :67 — 102.
experiments [ D ].  Beijing: China University of Geosciences, [18] D A EVEREST. The Chemistry of Beryllium[ M]. Netherlands:
2017. Elsevier Publishing Company, 1964.
(o] R FEBME AT RY TSSO TZID]. 4 [19] . BB SR AL AL BB A G2 25
e WK, 2020. fL[D]. MR HEKE, 2018:31 -46.
WU Yong. A new process for efficient extraction of lithium and JIANG Fuwei. Synthesis of novel lepidolite-type oxides and
beryllium from fluorite mine tailings containing lithium and doping-induced structural changes [ D ]. Chongqing: Chongging
beryllium[ D]. Changsha: Xiangtan University, 2020. University, 2018 .31 -46.
[10] Xﬂﬂﬁﬁﬁ. — 7 DA Y 4 A R B SRR B T [20] EBERR, #Xil. WmAaeTEESCR I M]. deat: ma Tl
[D]. K HIEKH, 2018. JiiAt, 2012.
DENG Chaohan. A process for extracting lithium-beryllium from GUO Peimin, ZHAO Pei. Efficient Utilization of Metallurgical
lithium-bearing gold emerald-type beryllium ore[ D]. Changsha: Resources| M]. Beijing: Metallurgical Industry Press, 2012.
Xiangtan University, 2018. [21] xPe)a, SiEm, XA A T8 0. Tl
[11] BORSUK AN, AMELINA GN, ZHERIN II, et al. Study of the [M]. dtat. Ak Tl st 2002102 - 153.



2025 4F 12 A% 6 M HRESR 5 . HF —BeF, /K& % MoF, AU fRALEE - 161 -

LIU Guangqi, MA Lianxiang, LIU Jie. Handbook of Physical Volume[ M ]. Beijing; Chemical Industry Press, 2002;102 -

Properties Data for Chemistry and Chemical Industry. Inorganic 153.

Dissolution mechanism of MnF, in the HF —BeF, system
SHEN Yaozong'”>, GUO Peimin'?, KONG Lingbing'”*, WANG Lei'*, GUO Qing’, ZENG Zhiyan’, XIE Yibin’

(1. The State Key Laboratory for Advanced Iron and Steel Processes and Products,

Central Iron and Steel Research Institute Co. , Lid. , Beijing 100081, China;
2. CISRI Sunward Technology Co. , Ltd. , Beijing 100081, China;
3. China Minmetals Beryllium Co. , Lid. , Hengyang 421513, China)

Abstract: In the novel beryllium extraction process, which involves low-temperature dissociation of beryllium ore
followed by physical purification of beryllium-containing compounds, the physical purification step is achieved by
exploiting differences in the solubility of fluorides, thereby enabling efficient separation of impurities. As one of the
main impurities in beryllium ore, manganese and the dissolution behavior of MnF, have received relatively little
attention in previous studies. This work systematically investigates the dissolution characteristics of MnF, in both
H,0 and H,0-HF systems during the removal of manganese-containing fluorides in beryllium ore smelting. The
following key conclusions were obtained. MnF, exhibits low solubility in water, and its solubility decreases with
increasing temperature. In the presence of HF, it reacts to form soluble H,MnF, , resulting in a slight increase in
solubility. The theoretical solubility of MnF), is 0. 69 g/100 g, while the experimentally measured value is 0. 78 g/
100 g. After dissolution, it exists predominantly in ionic form. In the H,0 —HF system containing BeF,, BeF,
demonstrates relatively high solubility. However, owing to its small equilibrium constant, both BeF, and H,BeF,
coexist in the solution, and the concentration of H,BeF, is governed by both temperature and HF concentration. HF
and MnF, simultaneously supply F~, which coordinate with BeF, to form BeF; . This complex subsequently

. . 2
combines with Mn*

to produce insoluble MnBeF,, thereby facilitating the removal of impurities. Unbound
coordinating ions remain in solution as H,BeF,.

Key words; beryllium smelting; low-temperature dissociation; physical purification; BeF,; hydrofluoric acid;
MnF, ; solubility; impurity removal
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