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NAHTal; FoK(hggl), 4k, 0017 #4F1 DO72 A
PHES FAC#ps i (R R K2 ) 4D , C160 BURH
B A g CPurolite RE > AR A7)
1.2 UBRIEE

SHA-B ZYf{H & # 7% %5 . BT50S-DG % 2l 72 |
DK-98-11 #Y Hi 4y, DZ-1BCII Y B %5 11846 . LT6001E
B 7 RF L B S Hh P8 % 4 12 mm>300 mm FiT 40 mm
400 mm 3% 55 2 M AL 5
1.3 KWHZE

WA g i MPUSHE R PRI — 2 &1 KCI 3
PRV AR, B4l HReO, VA Vs il — & = AL g 4k
FUK IR HIEW pH = 7~8, FRE T & KRR A 2 — 24k
MGAMEZRS 12 h PLE, B0 KReO, B¢
NH,ReO, [ 1 i 14

AT B — B R R BN,
A FLRNR 5 W IR AR LL IR N KReO, W8, HE T
TR IR 45, Pl — 2 Hil, R TR —E R[]
Jaidkug, SRR I B o KR EE .

AWML ¥ CLe0(H BL) M g 38 N\ 3% 1 |2
Mrdke, HMaiKmke—BEmE, W 3~5cm K
B2, F¥ KReO, ¥ ¥d it i 20 78 51 N BB A
R AW IR IR 2, 6 — 2 Rl f7RR A
e, HAEAK e, 2B R AR
HURE 73 M KRS o

IR K A R LU (R AR 2D«

KCI+NaReO,=KReO,|+NaCl L
KReO,+HR=KR+HReO, (2
KReO4+NH,R=KR+NH,ReO, (3
HReO4+NH,OH=NH,ReO,|+H,0 4

1.4 258N

K I Thermo 24 & f) iCAP 7000 74 Hi J& 4% & 25 5
T A& KOt i A (ICP-AES) 23 # ¥ WAk 2 B 40
PerkinElmer 2 & 1) NexION 300x %4 Hi & R & % &5 1
4 5T 1% A (ICP-MS) 73 H7 [ 44 4) 5 J% 43 ; Bruker D8

Advance B! X 5 2% f7 5 X (XRD) 4 Hr [ 474 4 S5k ¥ 4 5
JSM-6700F %47 & 5 49 i L B8 (SEM) WL 52 [&] 44 ) Jiii
T T 3L
Re &5 i 8 (X) A KB BR R (V) A a0 R -
XakY :(1—%)><100% (5)
CV.
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AP CoAAEAIFER T Re 8 K kSE, g1t ViR
KAFFRAAR, Ly Co R G Re 3 K i
FE, gLt Vo AR A H S WA R, L.

2 HR5U®

2.1 IS EE IR i I SR ER $

BT =T KReO, [M¥f# N 1.00 g/100 g
K, i NH,ReO, [ ¥ fift £ 4 6.20 /100 g K,
AR BRI U R, L KReO, T s UTES 41 )5 i
HH ] A Bk

H 200 mL JTA%EH A (& Re2.90 g L) IR
e, BRI KCI, B 7&Kk k48 % 50 mL
JEAH B =EEL S 12 h DL RT3 KReO, (5 ik, %5
% KCI AT X Re &5 e ffisgm), FH a5 Rk 1
Figl. 3 1 A %0, KCln A 77 =R F 46 i In A KCI
W4 i £, B Re 45 fhZik 3 92.52%. T fEAHIA
KIS T, IRGERT NN KCI BRI, 78 & 17K 2
K, SEE T BRI AL A K, RIIE 3 Re
ZEER K

ARAE SCHR[17, 18]4RE, A 55 BRI L ] i Bk 1
W, & B M) KClI &N 10 538 & (#% K/Re BE/R
B 11 A B D . BRI Re Wk M
FEtilfE 22.00 gL BLE, DURIEE S 1) Re 45 5% .

S L 3 HE R T AL AE JE W, IR AR RIS N 10 £ 2R
WwHER KClE A, HFmEd R s nmE, wid
ERIKYAEE Re WREE KT 22.00gL" Ja, AHE=ER
Zhim 12 h DL BT 45 KReO, H 8 fn ik, H4h Runsk 2
Fr %1

Rz 1 KCIIIAB R Re B & EHIFMT
Table 1 Effect of KCI addition method on the crystallization rate of Re

Addition method

Volume of crystallization

Concentration of Re in Crystallization rate of

mother liquor/mL crystallization mother liquor/g L Re, X/%
Add 2 g KClI solid before concentration 62 0.70 92.52
Add 2 g KClI solid after concentration 66 0.80 90.90
Add KClI solution (2 g KClI is dissolved in a 86 0.78 88.43

small amount of water) after concentration
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Table 2 Experimental results of Re precipitation by potassium chloride

Re precipitation result Batch 1 Batch 2 Batch 3
Volume of stock solution/L 13 2.0 35
Concentration of Re in stock solution/g . 5.00 4.97 3.64
Volume of crystallization mother liquor/mL 398 480 590
Concentration of Re in crystallization mother liquor/g L. 0.83 0.43 0.35
Crystallization rate of Re, X/% 94.92 97.92 98.38

H R 2 AT, DTS EE 5 W R s KCI Rk
5 45 & Hl % KReO, B , Re 45 & % W ik
94.92%~98.38%, fif3 KReO, It i A Ak 2 il 43
3P, HARTROW Y AT AR RRAE W ] 1 A 2
Fim .

H 3 WA, Fifs KReO, H E 24 Na. Ca.
Fe. Cl & &3¥/MT 1.00%, %FHl72E W. Mo &=/
T 0.10%, E— L UF#RH CaCl, YiESHH v A 2 s il
W. Mo 5 Re HIIEREMEVTIE D & . tHE 1 A1 2 AT,
KReO, JE 3 F B RHZER, Fifd Ot kKA 5
KReO, brifl Bl — 2, H& A HAb A%,
2.2 GREHENBEFIHBERERRES

AR 8 LR I BH B8 W I K R IR 0 2 18 Ay v Bk
B, FEESWARRAL, RWRAE . RHE S W AR AR
by RHRERBREE SR TE] KR B 0 (52
221 Hikra BT HAE

FR ¥ SCHR[L0, 19, 201, ik T 001%7.D072 & C160
3 M BH B 1B IS X KReO, 1 W 3E 47 5% Y J7 $2 4l ifF
T, orlkE BR3P IR AT BUAR B HYBYAT NH,"
AL, S H 10 mL 3 P4k B G R R JE BN HETE R
T % B 50 mL i ) 47 () KRe O, 8 V3 13 N A T3, 377
BT EIE IR 4%, 15 140 r min™, £ =R (25 C)
TP 3 he.

BT 32 KReO, W A FE BRI, RIS T IR 8
Re ¥ IR W, R AT B FC ) I ML A 1K) KRe O, 757K
PR Ik BT B #1) ) KRe O, ¥ ¥k i 3% 4 10.00 g LM ( 4 ICP
MAFH K KRE N 439 gL™) o ANREEER AT K
JBEBR 2R IR 4 Frall, 3R 4 Ar%1, HYAL C160 PHES
TR ST KReO, W KL bR R S f, K ik
RiLF)] 93.37%.

#* 3 KReO,FEWLZEMS

Table 3 Main chemical composition of KReO4 (/%)

K Na Ca Fe W Mo Cl Re

991 0.24 0.05 <0.01 <010 <0.10 0.50 50.92

1 BRIRHH SEM T
Fig.1 SEM morphology of potassium rhenate
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Fig.2 XRD pattern of potassium rhenate

T F %L CL60 M IS 7E AN [R] B2 44 2 1) Tl Ak B %o
KReO, & K R i BR AR, 43 I S| 100 mL K &
>4 1.00 mol L. HCI. H,SO, A1 HNO, ¥, % H 10 mL
C160 G fEI N 3 FIERVA VR iR 12 h J5, 4Kk
F P JE 4 B N HEF R P, B E 50 mL 10.00 g L
KReO, Wl B NHETE i, FF3CE THEIR IR 35, # ]
BEiH 140 ramint, ZEEIR (25 °C) T /RM 3 h 5l g,
B IR AA R IR EURE T K K. S5 SR Wik 5 Frail.
% 5 Al %0, %M 1.00 mol L1 HNO, %) C160 [
BT R R AT AL B A, L K ROR A
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Table 4 Removal effect of different resins on K

_ \_/oIL_Jme of Concgntr_ati(_)n of K removal
Resin type liquid after K'in liquid

adsorption/mL  after adsorption/g L. rate, Y/%
001>7(H" 81 0.39 85.61
DO72(H") 90 0.34 86.06
C160(H") 91 0.16 93.37
001>7(NH,") 84 0.50 80.87
DO072(NH,") 82 0.56 79.08
C160(NH.") 98 0.30 86.61

£ 5 AEEETAIE C160 HiA5F IR K 3R

Table 5 Effect of different acid pretreatment on K removal of

C160 resin
Volume of  Concentration of K
Acid type liquid after in liquid after K removal rate, Y/%
adsorption/mL  adsorption/g L.
HCI 125 0.12 93.17
H2S04 113 0.12 93.82
HNO; 110 0.12 93.99

2.2.2 AHRIAEAT K BLER AR 6 700

KBTI T, B 10 mL C160(H R M AR, 4
KReO, ¥ N 10.00 gL', BB 5H Ag AL A
5:1 1 20:1 B, fE=IE T HEORNRRE XS K BB 2k R
sz, g5 Rk 3 fros.

HE 3 mA, RHR S W AR Ly 5:1 iF, K
WX K B R RCR AR N, KRR R 8 mik
99.99%, W K #JEZ N 0.10~0.20 mgLt. {HY
BHECS IR AR E 2001 B, 24 RHE IR 20 mL ht
B, K BLBR R B, K bR 2 IA 2] 99.79%; 4k 4 1Y
KiHE, K BB, X2l TR, g+
K*RA J 5 C160 4 lis 2 #ie , AT I HH V0 K9 B2 38 K,
S K BRSO . R, 3E B RN R A
20mL h* Bl 2BVsh?,

2.2.3 #r5RASARA AT K BLIR R 693

KB AR ST, B 10 mL CL60(H B # flg, 4
KReO, i WM 9 10.00 g L7, #4434 9 140 r min™
B, fEZE# (25 C) FRAM 3 he FEREEWAR&
FALEXS K B ROR By sz m, Ha5 R gl 4 Fros.

BB 4 mrA, YRR S AR A R LG K
C160(H" Y )4 g0 K JBE 15 2 B gt /> s+ BH T 52 4 i xof
KW B B8 T BR ), AR AR OR, B K AR B
o BRI SM AL AN 5:1 1, K EBREN
94.85%, I AT 5 S K WA 136.20 mg L7, 1M

FEEN AL K iR miE 99.99%. A WL, ShZs7 &
UL K R BT
224 REEEAT K PR R 69 350h

KA FSEI I, SRS W AEF A 5:1 1,
Hof &4 ARAS, 88 S S IR TA) 5 K B 245 1 S i
SE R 5 iR

HH P 5 T, ORI TED S KRR B4R /)y, R

100.2
1000 =—=- u
99.81
99.6
99.4 1
99.2r
99.0
98.81
98.6
98.4

0

K Removal Rate/%

—a—L/S=5:1
—O—L/S=20:1

10 20 30 40 50
Feed Flow Rate/mL h

3 RMBR NS K BBk 2 1 R

Fig.3 Effect of feed flow rate on K removal rate
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Fig.4 Effect of volume ratio of feed liquid to resin on K removal

rate
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Fig.5 Effect of reaction time on K removal rate
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fii J LA A E K 52 11 h, K EBR AN 94.47%. #H
R w1 S S AEN T 12 B B R N B A N B TS S
Kl 3 5 arsn, RHE SRR AR 5:1 B, X
JL IS (] FIRFR L TR KB 26 52— 25, A8 77 4 B
B
225 HRBABEN K BLRBR R H

KA AEMEFE, B 10 mL C160(H )M fig, 2%
A D 12 mmx>L 300 mm HFAHAEF, FHH 50 mL
10.00 g L™ KReO, %1 38 ik 7 Ik 2518 ik 2K F A
AR VR B LR IR, 1 IR B IR SN, (R
WRGMAGIKZ, FH1RE N 20 mLh™, HEEREIR
TR REXT K BEBR R B, 25 sk 6 FEl 6 Fis .

HE 6 mr%n, MkBhE HOIREESE KIS, C160 (HY
B AR K BEBR 2602 W8N, TS KO BE IR T
WK TR RNE HORBESE K, BRAS R M (2)
P A AT AT, S EUA TR AR R KRS K, I R
B K 2. MRl HYKEE N 0.00 mol L7t B Ep
10.00 g L KReO, JE (AR INBRFIIL) , K ik
ik 99.99%, LI HIE S KIKE RN 011 mgL™t. 5
Ab, HIFR 6 AL, FEJE P A AR Z K )G
KD B 26 357 G, 18 BRIV R 0 Nat Al NH, 7 K JBE B

s, HONa'x KM BBRsemi K. Rk, KReO4 i

V0B TR R 4R 4 A T B 3 R SR VRN R
2.2.6 K RH & g m 2

KA BhAVEN ST, B 10 mL C160(H B M fiE, FHAC
i 500 mL 10.00 g L™ KReO, ¥k, 7F i NI HldE A
20 mL 0, AERE 2 h BUORE 10 mL R K &, i
VRS KRB BB AR AR G Gl an B 7 B

EH P 7 A7 50, 40 A AR AL ) 250 mL B, 10 mL
B i PR 2 Mg %7 325, RS K2R I Fff &4 1178.65 mg,

x 6 PURBRBUEX K BRERM
Table 6 Effect of acidity and alkalinity of feed liquid on K

removal rate

Acidity and Volume of Concentration of K in K removal
alkalinity effluent/mL  effluent/mgL™  rate, Y/%
2.00 mol L1 H* 81 13.77 99.49
1.56 mol L' H* 85 1.35 99.95
1.10 mol Lt H* 85 1.10 99.96
0.57 mol L. H* 78 0.74 99.97
0.00 mol L.t H*
(stock solution) 88 0.11 99.99
-1
2.00 mol L 93 0.59 99.98
ammonia
2.00 mol L.*
NaOH 91 598.80 75.18

WK 2 2% 25 5y 1178.65 mg/10 mL, B 117.87 gL
i R AARRUA E] 500 mL B, 10 mL F AR PR 2 BRI EF
A, R K R EA 1283.85 mg, M ARIR E AT
9 1283.85 mg/10 mL, B[ 128.39 g L.

P T4 i R 3 TR T — S as e fk R AR
T OLIF SR I — N E AR A, HLAR R K2 1R %

n=QalG (6)
Hrh Qa REMRMIFERE, G RGN Z
)2 160 BRI Z IR RN 4n=117.87/
128.39=91.81%, HIULHA UM ARIKZE F &N, R AZ
1/10 (M IR %A s mAn, BRT TEMNA.

NG AIE CL60 B AR Xt 4Bk B B 1) 5 22 e B B e 4t i
R, HU 3000 mL 10.00 gLt KReO, &, &%

(25 °C) FAEHIRZ 300 mL C160(H )M g K2, 4%

H1W B IR A 2 BVS h1(600 mL h™), #1434l HReO, 1
W, C160 F4 W B T J5 1 WAL 2 4y A 26 7 Pl .

3 7 AT %1, KReO, ¥ lim%4 C160 Bl IKJE S,
i 1545 HReO, ¥ 1 K. Na. Ca. Fe. W. Mo. Mg
WREEEIFE % 0.50 mg L' LAF, Al )L C160 i X Bk IR
B B8 A e B R SR AR B, ARSI A S
S5 Re %,

100.1 - 14
|
100.0 - A 112 2
N \A\A\A g
$ 999t -\ [/ {108
© =
o =
T 99.8 8 LIEJ

)

£ 997} 6 §
o g
¥ 9961 14 £
8

99.5 A 2 5
l/./. o

99.4 a— L L L 0 X

-05 00 05 10 15 20 25

H* Concentration in Feed Liquid/mol L

B 6 RHIHUYRTERT K B % (o

Fig.6 Effect of H" concentration in feed liquid on K removal rate

g

"1 5000 — :
2 YT e {1200%
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4000} / 2

g e {10008
£ Y 5
3000 / {800 2
c v g
£ 2000t / 1600 &
g A <
S 1000} / 1400 o
o =]
(@] v ©
{1200 €

X 0L _e—e—0—0—® . . g
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Volume of Effluent/mL

Bl 7 Kkl 2
Fig.7 Adsorption curve of K
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B ik gl HReO, ¥ W38 i ¥ n At 4 4l 28 K Hh
A, EHIL S pH N 7~8, TR S5 5 AN E 45 A
B, H19 o BRIR B, AE M RE A2 AL R A A I
BRI AL e, LA R IR 8 Fin .

B 8 W], BE A 45 B )38 N, BRER B W
Mo & &K, 1 K S EEFHE . X155 CHR[23, 24]4k
TRk R B A I R R, VWP K B NH4ReO,4
Frifm AT, HEk 99%) K #E N BRIR & ik b 7 2
— 3y HYESRIREORT L, BRRE S K &
§>0.0010%, ANFFA YS/IT 894-2018 Hn ik o Bk R £ A1
SR, HESGRBREEZ, 25808k B FFK.
DR b SR R 48 46 i+ 1 R EL 45 o TP A4l HReO, 5 ¥
1l H 7o 2R R A

T % HL 5000 mL 45 HReO, ¥ ¥, 18 i 7 hn k2%
A KR, & pH N 7~8, FAIWRAE S f+1
UCE A, A R R e, T 45 T BRI B Re
WPER S, TR [E C160 4 5 HEAT FR A8 Kb B . BT 75 &
2l BR R 4 (NH4ReQ4), 21 =99.99%, H Ak 2% ik 7
#* 9 Fian, SEM JE S AT XRD WA 2> 5l i 1 8 A 9
B o

% 9 W&, KReO4 % C160 i 5 7Y 4 -2 /K
ORI - R 46 45 -1 R R 4 BT 1 BR IR i 4l Pk 3
99.99% 0L £, MBS EIFTE YS/T 894-2018 #x

T BR R B A 45 K
HE 8 FIEE 9 W%, FTAS i ol Bk iR i L T 30 32 2
ARACR, XRD B 2R B M AH 4 8 NH4ReO,.

F 7 CI160 #MEERMAIEBRUFER S TLIFR
Table 7 Chemical composition changes of solution before and

after adsorption by C160 resin (mg ™)

Solution Re K Na Ca Fe W Mo Mg

KReO4 5442 909.6 1.15 6.08 <0.10 <0.10 <0.10 0.21

HReO4 5612 0.23 <0.10 0.21 <0.10 <0.10 <0.10 0.05

F 8 EHFRRBIREEP R RERZN
Table 8 Effect of recrystallization times on impurity removal

in ammonium rhenate (%)

Recrystallization number K w Mo

Direct concentration and crystallization 0.0008 0.0005 0.0005
First recrystallization 0.0010 0.0003 0.0003
Second recrystallization 0.0012 0.0003 0.0002

Third recrystallization 0.0018 0.0002 0.0003

® 9 SARBBLENS

Table 9 Main chemical composition of high purity ammonium rhenate NH;ReO, (w/%)

K Pb Ca Fe w Na Mo Si

Cu Sn Mn Mg Ni As Zn Co

<0.0010 <0.0003 <0.0010 <0.0003 <0.0003 <0.0010 <0.0003 <0.0010 <0.0003 <0.0003 <0.0003 <0.0003 <0.0003 <0.0003 <0.0003 <0.0003

LEI 5.0kV X200 100um WD 9.7mm

8 EZiBkIRH SEM JESL
Fig.8 SEM morphology of high purity ammonium rhenium

10000 + . 4 NH,ReO,
*
8000}
g | R
2 6000
o
g 4000} . .
2000} l .I *, L
ole ¢ oo
ol . l EIE Ton ksl s
| | PDF#85-0347> NH,ReO,
10 20 30 40 50 60 70 80

20 1(°)

K9 itk XRD [&li
Fig.9 XRD pattern of high purity ammonium rhenate
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1) MRS J5 0 ] 2 BRER PR INS, R B Mk 4 wir im
A 10 fFEE HE M) KCI B, 28K 4% Re IRFE KR
F 2200 gL' 5, AHNERE RSS2 h b, Fifd
KReO, H F %24 Jii Na. Ca. Fe. Cl & &J)/NT 1.00%,
FEAIZE WL Mo & &E/NT 0.10%, H Re 45f%E 1A
94.92%~98.38%; 115 KReO, K5 X B A5, HMF,
RIIYIA S KReO, bl B — 8, HLR A HAh Zu ik,

2) BRIRE MRS T AR B AR AE B T 2S5
N %A C160 FHES T fiE, HRHA 1.00 mol L™ HNO,
VAT AT UL BR 5 7y C160(HY B iR : K h &1
i K, KReO, ¥l sh Moy E, RHERE 6
2 BVsh?'., AT, C160 BEXT K o iE &5 & AN
WIRI 2 B4y )N 117.87 F1128.39 gLt HMEKE
A 22k 3] 91.81%; Fr{S4E HReO, ¥ ¥ K. Na.
Ca. Fe. W. Mo. Mg ikEH %% 050 mg L LA R,

3) EI R g A Z K A HReO, IR, 2 i
ZripH A 7~8, HAIRAILH+1 IREL S, gk
PR B 44 BE 3K 31 99.99% LA I, Hoe & A YSIT
894-2018 A HHERIR LN A M 223K, H SEM JESH N
PR R, HAIH 4188 NH4ReOy.
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Preparation of High Purity Ammonium Rhenate from the Solution After Precipitation
of Tungsten and Molybdenum

Chen Kunkun®?, Li Linbo?, Cao Qigao?, Meng Hanq;i?
(1. School of Metallurgical Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China)
(2. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: Potassium rhenate was obtained from the solution after precipitation of tungsten and molybdenum by potassium chloride
precipitation reaction. Then potassium rhenate solution was converted into perrhenic acid solution by ion exchange method. Finally, high
purity ammonium rhenate was obtained by ammonia neutralization-concentrated crystallization-recrystallization. The results show that KCI
solid is added to the solution after precipitation of W and Mo, and then concentrated to precipitate KReO,4 white crystal. The contents of
main impurities Na, Ca, Fe and Cl in potassium rhenate are less than 1.00%, especially the contents of W and Mo are less than 0.10%, and
the crystallization rate of Re can reach 94.92%~98.38%. K is removed by dynamic method with C160 (H* type) resin. When the pH of
KReO, solution is neutral and the flow rate of feed is 2 BVs h™, the K penetration capacity and saturation capacity of C160 resin are
117.87 and 128.39 g L., respectively, and the utilization rate of resin reaches 91.81%. The concentrations of K, Na, Ca, Fe, W, Mo and Mg
in the obtained pure HReO, solution are all below 0.50 mg L. The HReO, solution is neutralized by adding high-grade pure ammonia,
controlling the end-point pH to 7~8, and then concentrated and crystallized with one recrystallization. The purity of the obtained
ammonium rhenate is more than 99.99%, of which the SEM morphology is dendritic.

Key words: solution after precipitation of tungsten and molybdenum; potassium rhenate; concentrated crystallization; ion exchange;

ammonium rhenate
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