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Abstract [ Objective ] The crystallization mother liquor generated during hydroxamic acid production is characterized by high
salinity, elevated chemical oxygen demand (COD) levels, and poor biodegradability, through the application of the crystallization
mother liquor treatment project in the production of hydroxamic acid and the flotation test of black and white tungsten ores, it is
expected to achieve the standard discharge of the effluent quality and the comprehensive utilization of hydroxamic acid. [ Methods| In
view of the problems such as the high difficulty and cost of treating the crystallization mother liquor in the production of hydroxamic
acid, a " pretreatment + mechanical vapor recompression (MVR) evaporation + biochemical treatment" process is implemented. Using

a 20 m’/d hydroxamic acid crystallization mother liquor treatment project as a case study, this work analyzed and summarized the
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process design and operational performance. Additionally, the hydroxamic acid material recovered from MVR evaporation was utilized
for black and white tungsten flotation to achieve resource recovery. [ Results |  After over a year of operation, the influent COD is
reduced from 120 000—130 000 mg/L to <230 mg/L in the effluent, meeting all relevant discharge standards. Black and white
tungsten flotation experiments demonstrated tha the addition of (192+96) g/t of hydroxylamide material evaporated by MVR the
recovery rate of WO, in tungsten crude concentrate by 3.97%, indicating that hydroxylamide evaporated by MVR can effectively

improve recovery rate of tungsten crude concentrate. [ Conclusion | "

Through the actual operation of this case, the " pre-treatment +
MVR evaporation + biochemical treatment" process and the hydroxamic acid material flotation of black and white tungsten ore have
shown good treatment effects in dealing with the crystallization mother liquor from hydroxamic acid production. This can achieve

comprehensive utilization of the crystallization mother liquor from hydroxamic acid production and provide certain reference significance

for similar projects.

Keywords hydroxamic acid  crystallization mother liquor

tungsten flotation

T Hg TR AT A Pl AR A 2 AT v ) SRR L
05545 B Bk Bk RH e B S5 e BH R TR R
P SR, T RS AE 1 PO T T s 3 IR 5 W Ot
W AR P R 00T, ST 2 T W Y 1 e ek
Rt & LI - TR 3 AR i R v A
W S A 1L 2~ LS e S5 EERYT, RTX
45 ARSI S % PR SA mR BETCHLER ST i A
ARGE 4 O Y SO Sz =y S b i A R, A
A PRMERE R RA TR Bl RO EEOR H g ™
A b R A AL B R X K R A R R T
MR PR T T, B B R 24 700 2 7 Mk R 1Y
FIRB , FRIGIRA: ™45 b BRI H i A 5
LR AL PR S bR — Rl R ALK, B
AR HZE KL SR W g E ARIGE
Fe Ve VR L 235 b B0 AR SRR X R I R A
FEEE A RRIR RS A 8 BE TS A 2 7] ol A
H P HE R I R AR 7 5 T BB S PR AL BSR4
R 7RG 45 R R B T 2 R B 5 A [l
WM T7 8 B AR AR IS %

1 TR

JUARFEEA 2GR 2 mAE 1500 ¢ E MG RIS R
FUSHSR] , HoAz 7= T8 B2 N el s A (4658 3 4>
B A AR A T T R A 2 R R R
AN RBRIR A 45 AT A [ A O 3
FERG IR , WS WOE H FRVE NG R A 745 A B 122
S5 SRR S A TR AS ARG R P R SV 58 42
OBt | S AL B B BR R B 2%, fE 2 7 %A (COD) 5
K13 1 mg/ L, BN E 2% AW B Je 8%
R, BRI IR AR AN A BRI 7 X K 5 ik
Fr A B s AU R 4 (MVR) R £ B

engineering practice

black and white

comprehensive recycling

For i ER 53 KB Ay 2 M R ek LA S B9 Ak [T i )
FH, TRV A A AR AL B | (5 H 7K K RATA Al Br
FE Tk ey /K AL BRT 3K AR I
2 BKREKE

AR T AR R K BRI R R R R A rad 2 vp = A
(RSN R A 7= 23 SRRV B A 05 15 7K 4 A RN
B 20 m*/d, H KK SR B 4l 7 78 Tl el 75 7K
AEPRT HEKBRUE , BT KK BRANZR 1 R

R BRI
Tab. 1 Design of Influent and Effluent Quality

5iE CcoD/ A/ TP/ TR
(mg-L7")  (mg-L7")  (mg-L™")

Bl 140 000 32 000 0.30 2~5 20%

K <230 <20 <2 6~9 <0.1%
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Tab.2 Results of Evaporation and Biochemical Treatment Experiment

T H JEK MVR ¥k ABR R4 L4t BAF jt b
COD/(mg-L™") kK 133 000 133 000 28 600 2120 240
ok 133 000 28 600 2120 240 85 <230
P 78.50% 92.59% 88. 68% 64. 58%
pH {H #k 3 6~9 6~9 6~9 6~9
ik 6~9 6~9 6~9 6~9 6~9 6~9
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Fig. 1 Process Flow of Treatment and Comprehensive Utilization of Crystallization Mother Liquor in

Hydroxamic Acid Pproduction

3.3 &itiEs

AR LRSI A AR 70 A B S U X 58 ey
WL =4t S R AT AL B 15 b i R R R
MVR 78K T 27 5Bk, BRI b & A0 Y

— 166 —

FRGIRYEL, "Iy ik, ASE B AS TR A
MZEE A, MVR Z8 R ARTEBfT R, &
A SEESE IR, B XA LA e T L
AOERVEY BEI , 76 MVR AMEHLRYE LT B BRI



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 44 ,No. 12,2025
December 25th, 2025

VERAT ARG TIN5 i R BV 5, 5 Ve 58 B
J& , HERL R VE VRV, SR R AT, W R K i
ATBIE] B X B 2 [ 81, 7 T o 100 Acb B8 36 ok 50 O
s B AT S 455 B T MVR 38175
w5 T T i 114 S B 1 O T W A v i e A
FHEARR ) S ReHE AR5 28 DL 3R v SR A HE o =, B
1 MVR fiEfaEis17, 4F%F MVR Z6187K , R F ABR
IRAE I —17 S8 th—1T U H—BAF 3t 328 9 % i 11 15
Jith, 7T R COD 2 A 5515 4, I Kk b HE 2
AV BT AE Tl FE Vo K A BT K AR SR A B 72
J1g PR A = 5 A PR VR 42 < TAL B+ MVR 28 % + A= fb Ab
B T2 S AN R PR IE I /K G835 2 Tl bel 5
IRAL BB K B b o, 3 1T SR M R 0 ek )
AR, 5 & ek O IR AR TE

4 FEEFVZITSHREEERE

(1) WAL B 53t 1 8, R~F R 10.00 mx
3.00 mx2. 50 m, Z5 ¥4 A b R AN AR EE L, AR R
72w’ BLAHUMBEFENL 1 & pH T RS 1 B
LR pH KA 1 5, AP E IR 1 &, i E
2 m*/h, N 15 m,

(2)MVR ZZREH 1 &, GIFERHEIRS K.
KRG WA B RS FRIRRERS ALK
RIS GIR M AR R G, 5 R NG R A 7 45 i
VR ik 1 v T S 43 340 SR FRVER A, At 22 Ak 388 43R FH
316 L/304 RNGEMM T, Z it iiKkE R 1.2~
L4m’/h, 78K N 0.8~1.0 m’/h (FAE DN
0.8 m’/h) , ZRREEMPIEHS K E <20%, EAEPLR
GAFE T RARRIEANL 1 £ 3SR 1000 kg/h,
TR 20 CiEERVL L &, T8N0 110 kW, AR 4
1B, %R 110 kW, FREZEHLEE TR R 90 C
WA 110 C 3484 1 &, HAE N 9800 mmx
2 500 mmx4 mm, 7 EL R, GRS A P14
SRHEAZE LA 1 & BN 110 m?, B R
5Fo8 @32 mmx1. 5 mmx5 000 mm, ZEAHEHEKSE 1
BEHR 2 m*/h, FHEER 20 m, T K 0.75 kW;
TEIRZE 1 &, 8K 350 m*/h, 7 FEH 7 m, THHE N
18.5 kW HIRHE 1 &, &N 5 m’/h, 51N 25 m,
AR 5.5 kW, HhEK R afimRiids 2 &,
PATE R 1 m? s fEKHE 2 &5, 2558 200 L; fhiE
KE2 G, WEHNS m’/h, K 28 m, RNy
L1kW, FEllDESREQERMALSE 15, BN

2 000 L; ¥ Hsieds; HEhEB .00 1 &, 85 R
HR400-N A fib X X0 9% 35 € #E Bk 250 AL B: AR
16, EHN3 m/h, A 30 m, IR H 2.2 kW,
BEKRES 1A, AN 100 kg/h, TR Ny
72 kW Bk KA 18, s 0.5 v/h,

(3) AEALAL B 1 )3, 0 FE ABR IJRA RS 4F
ARG DUERS T BAF R4 K4, 3
Sy H TR SR, X AR e A5, BT AR AR AL B
1.0~1.4 m*/h (BHIE =N 1.0 m*/h) , 17K COD
Jri B <230 mg/L, Hr ABR R 5 B, R
514 4. 00 mx3. 00 mx5.00 m, BEHRTHE 2 &, 7
R 2 m’/h R 15 m, A AR 5 285 4740 2
JiE , R5Fh 4,00 mx4. 00 mx5. 00 m, 41& 1k 2 &,
DUVEM 1 5, K 5F 4 4,00 mx4. 00 mx5.00 m; F i
A BAF b 1 5, N 5F 4 2.80 mx2.00 mx5.00 m,
BAF JEARl—4it, 16 m’ ;350 M 1 4>, R~F28 4.00
mx1.50 mx5.00 m; /KM 1 8, Rk 6.00 mx
4.00 mx5.00 m, A=fb 4k 2R 5 fid £ S KL 4
&, =i 2 EXEH 100 m*/h, KUEH 0.6 MPa, 7
A2 G REA 100 ~200 m*/h, XUE N 0.6 MPa;i5
RINFHE 3 G, BN 10~15 m*/h, HFEHR 5 m; 15
Tl it 3 32, EFEN 10~20 m*/h; KALAE S
W2 B AT R RS (PLC) RS 1 &, il o da il
iED
5 IBITHR

AT RHBSE MG 2023 4 3 AP iRikis 17, ik
B R B TR SE , T vhls S, R 40 H 7KK B
FEE A T e Tl el ¥5 7K ) E K AR i, 2023 4 6
AIFIRIERIETT 5™ 5 L bR /KK BT 3 iR,
Zead 1 BT, Kk CoOD B E 1.2 %
10°~ 1.4 x 10" mg/L [ F| i1 /K COD Jit i ¥ & <
230 mg/L, /KK T2 A BB (TP) (pH ., BhEh B 4%
FE BRI T e Tl el i K T KR
6 FAREFHH

AT H @ SR 445 T7 o0, A HE AL HL
MVR FAfb & &0k £ 5 4% i 58 AR M)
% Wi H B 4T Lok, Ab BRI IR A 7 4 B TR
20 m'/d, “FALEE+MVR 78 % + £ L AbHE” T2 %
HERARMAT L0 ir, BB T B AR 195. 73
Ju/m’ P AR A Ry 177,73 J0/m® , A T A 9
Jo/m’ BRI FEM T 2 J1 00/ a,

— 167 —



kT,

CRT
NG IR 74 B T TR ) B P TR £ LR

Vol. 44, No. 12,2025

R3 CHUALE+MVR ZE &+ AAR R T 2 2023 4F 6 H—2024 4F 5 Atk COD 4558
Tab.3 COD Resulis of Effluent by " Pretreatment+MVR Evaporation+Biochemical Treatment"
Process from June 2023 to May 2024

A JEK L/ (mg- L") ZEMK/ (mg-L7") A K/ (mg- L") PUHEMN K/ (mg-L7") KU/ (mg-L7")
2023 4£ 6 A 131 940 36 720 4063 376 123
2023 4F7 A 130 820 39 878 4327 340 127
202348 A 136 500 43 282 3 869 358 129
2023 4E9 A 135 760 44 120 4215 386 147
2023 4 10 A 132 100 45 532 4 026 380 160
2023 4£ 11 A 128 480 38 928 3 396 402 191
2023 4E 12 A 130 160 41716 3 682 416 196
2024 4F 1 A 129 620 39 962 3582 392 167
2024 4F2 A 124 700 38 580 3910 360 221
2024 4E 3 A 132 060 40 258 4527 386 202
2024 4F 4 A 127 180 37 612 3825 372 195
2024 4E5 A 123 520 35178 4120 366 183

7 EBEBRYRLEZES EWF Al

MVR Z& & i EE i & — @ iR, v
BRI Wb T iRk B 2R A mNOR
W, ASCLUWI rE S A S R 6, 24T T MVR
7R R NG R YR T 2R A B PR IR, m ()
) m (BB ) AR 2.5 1, W0, fhii N
0.35%,-0. 074 mm R 5 oM 65.28% , JRH £ 0
R ras Rk 4 PR,

F4 2R IER
Tab.4 Results of Multi-Element Chemical Analysis for

Raw Ore

WO, 0.35% CO, 3.63%
Fe 9. 64% Bi 0.097%
S 0. 94% Pb 0.018%
K,0 1.03% Zn 0.021%

Na, 0 0.32% MgO 1. 13%

ALO, 5.63% Ti0, 0.16%

Si0, 29. 54% Ag 7.37%

CaO 23.36% Cu 0.05%
CaF, 18. 71% Mn 0. 042%

JEA A A AL PR S R R N S I 4
WA 400 o/t BREREITH pH {2 10 £ 47,2 000
g/t KBRS 400 o/t BRIREE AW, 400 g/t AR
HAE ], L GYB (25 R 245 ) 5 TR YR K
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Fig.2 Flotation Process of Black and White Tungsten
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Tab.5 Test Results of Hydroxamic Acid Material Consumption

RIS o

WO, fhfii WO, [

IR +THE/t
0 BOHUET 12.62%  2.289% 82.52%
WHIERY  87.38%  0.070% 17. 48%
51" 100.00%  0.350%  100.00%
64+32 RORUES 12.83%  2.300% 84.31%
HMERT  87.17%  0.063% 15.69%
51 100.00%  0.350%  100.00%
128+64 HHAET  13.12%  2.277% 85.35%
MRS 86.88%  0.059% 14. 65%
51 100.00%  0.350%  100.00%
192+96 BHAET 14.01%  2.161% 86. 49%
PRI R  85.99%  0.055% 13.51%
ey 100.00%  0.350%  100.00%
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