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Discussion on Modeling and Optimal Control of Nonferrous

Metallurgical Purification Process
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Abstract Purification is an essential part of non-ferrous hydrometallurgy, which involves using additives to replace
impurities in the leaching solution thus to provide highly purified solution for subsequent electrowinning. The performance
of purification process largely affects the quality of final metal product and the stability of the entire hydrometallurgy
process. Due to the diversity of concentrate sources and the complexity of removal reactions, it is difficult to realize high
efficiency and green production. From the perspectives of technological features and reaction mechanisms, the common
problems in modeling and optimal control of purification process are first extracted. Then the current status in modeling
and optimal control of purification process are reviewed. Zinc hydrometallurgical purification process is described as
a typical example to introduce the recent results of the author’s group in modeling, optimization and control of iron
precipitation, copper removal and cobalt removal processes. This paper ends with a perspective on the potential trends

in the automation of nonferrous hydrometallurgical purification process.
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Fig.1 Flowchart of hydrometallurgical purification process
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5 EEAFREE. BRI, % B 28 0 BR 2 70 2=
IR IRIER S 1A AR A 428 i) 1 S .

— G OLT, BIEG S R UL s ) B
B PEARUE 11 2% 5 55 IR FE A R F8 A e P 11
LR

Cout,min S Cout (t) S Cout,max (18)
AT B PR A T 5 % s I 8% B 2% 77V
min ZmRR’i(t) (19)

EFRBEZANBRIR LR AL T 2h, BFHFEE
45 78 AT B E AR R Coutopt (f) MIRTIR T, W]
Redd /> tH 2 B IR FE S B AE P2 HB AR Cout,opt (T)
2 B ZEHh:

min - |Cout(t) — Cout,opt (t)] (20)
TE R FRAR AL 5 ) LR, [k 2% 7R 0 s 75 95 2 AR
FEAAE LR

MERRmin < MgR,i(t) <
2%

N T ARFFFAL I R AR E 1, B
BRI R

ATnRR,min S AmRR,i(t) S A’rn‘RR,max (22)

fE— sy e R b, OB TS KRB A R
M 5 458 T B R A RIS, H AR B S AR
T PR A R T AR A -

ACout,min < ACout (t) S ACout,max (23)

e, R BRA AN & . R TR Ui
Bl A S UL AT A S AR 4R

c= fMODEL(mRRaQa Tvea”') (24)

AR 0 1m0 SR B 7 K e i ade BRUOC AL B9, Uy
SRAFES S L2 () B DU BR 2 AN N B

T RE R R A7/ U MRV =/ N N Del X =P
B, R bR B TR R B R 2% RS B AL v
JE T e DL R R AR R R ORI, RO TR
R BEERAE AL TTVE (I, S HU & ey
EBOL BAERR AT 48) SEINE i RERR
AR P .
3.2 IEERBSFR TR LIRS

1A BRI FE 24 S R A B R AL Bk I
A JiE _E R T B OB (AR IR OB A AT
FEAE T EATHLEE B R P Rs sl o) A1) I 2B 1
B AP I HE SR R 1A AR A% ) (R A O 1 R
A5 LRVE R L I R 919 41 1 R e 2R i
P REDIE A% 1) 53 B e LR,

mRR,max (21)
F T AR Al

F j: 434
3.2.1 ETRADFHERS & 25 KERE E M ALIEH
FE

Wl T R O R AT DAL B b A Y D B R
7% JRUBh B AR A 3 P R R TR R VS L 2 A
[ PR EFBR AT R RS e . TR Rt 2 I
L3 LR, R Ry B B Bl AR A b e T S AE R
B2, e RERER T IRk (3K (25)), S RLIE A A]
DA T 3 57 R AL AT A . T R B I R A TR
HUHRE A, 7 38 57 T AL IR 428 1) 220 B 7 8% SR BB Ao
FEAACIERITTE.

aZn + bIm™* — aZn™" + bIm (25)

Hrdr Zn NER, Im AR EEICER, a,b,m,n €
N+, H bm = an.

ZE A I N B, TEAT RIS Z, YRl nr L
KRR

de
Va - Encin

Hdr e, e 73 RARER T OBiAs N AT H 1 2%
BIREE; By M Fu 2 BIRE T IR B DA
CARE; V RN AR, r 2=, H:

r = kAc (27)

HJ7#2 (25) A%, MERIR BRI, a BEJR IS
T CLE R b BRI ZR U ¥, I BER B By
IIEZR 1,

—Foc—Vr (26)

Tyn = ZJ\J\ZZ; Vr (28)
Horh, My, A1 My, 53 BN EERUR BT R I 1 &
SR, BT BRAR IR B 52 R R A%, pH (BN
TR R AR S 38 AT LARE i B B R IEAT . 0 VTR
pH {E it i, R2E 5 75 864 1 38 1 A2 ik =Xt 1R
B, BHAEBRIS SN E— 8 R A, BRI, SERRAE
[71] S5 N 2% HHAR IR Bk TOiE 58 2 2 5 Bl BRI S R .
S BB VI O ek S 75 AR A B A B 2% e 8
FH e g B3 481 25 0 RN BRI R AR R T
B I AR 2 (Additive utilization efficiency,
AUE), W sgfpAE = oo 75 SR B ds s 2 o7, 7] LA
TR N:

T/Zn = Milrzn (29>

L, —ANEA NV e NT) A SO 8% i Rk
AR SRR FEE DY

N
Ttotal = P Z ,U';lrri (30)
=1
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>N I:F‘7
aMZn

= DMy,

i KUy AR IR 1 AN N AR FEERD R R AN
NIHE .

HEER N N A A In) AT PAERIA -

[E)RL 1.

p v (31)

ty N
min  J(®) = / pz,u;lkiAicidT
to

i=1
de; F;_ F;
s. t. 1 = 7161‘_1 — Vci — k;Aic;
0 S CN(T) S Cindex (32)

Horr, to Aty LA TE] ) I TE] X JE) @ =
{ky, kg, -+ kn, Ay, Ag, -+ Ax}. W1 BB, Xt
T—ANBrad #2, HER H FE & v LA g4k s 8
MR k) B BRI { A} SEEE, T RN T R
{k:} FRPZRITF { A} P LLA3 ) a8 e o 5 e B2 2%
(1) S A I T F A ARG L L 1 SE B o) (Pl T o
B AE ST AR e ol R R E, T T
£7). SR TR 1 FR A E 1 BL & { s} B
REE, FEON G 1 A LKA

it FE A T AR B AR, B de;/dt = 0,
F,=F_,=F ¢ M {pi} PREFAAZ, Tl a8t 1 1)
KRARKGAF RN, FEIIEOLT, MR RN, F:

F'(cin — )

r=—— (33)

imxs TR BRI R, A7

N FI N
T'total = pz :U’z‘_1V(Ci71 — Ci) =Ty Z“:l)\z
i=1 i=1
(34)
N EP,
CLMZn ’
= F
"= T (35)

i B SN @ AR NERIBRZ % (Impurity removal
ratio, IRR):

Ci—1 —C;

)‘i:

0 (36)
12 (34) R, AR AN SR A B A1 11
e I 73 Bk 2% 2 DN BER T AR S SRR TR N &
AT AT A28
38k, TR A AR O g P9 S SR A R Ak
FERTR, Ko bR S IR AL — 2 1 A BVEH A A B T
KRR I RE R R E I (18 3).

C

-~ - Gradient 1

3 — Gradient 2

N - = Gradient 3

‘L — Gradient 4
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\
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|

|

|

|
NN

N T~
N

PN

|

|

|

|

range of IRR T T
0 1 ; e =
0 Tl T2 T3 T4

Time /min
Fig.3 =B TR T FEBs AL

Fig.3 Decline gradient optimization of

impurity ion concentration

7E B SBARRVB B Ak A, AT DU I 1 FefE
:

(B 2.

N
min J(A) = T()Z/li_l)\i
i=1

N
st. 0<en=co(1— ZAz) < Cindex
=1

AP <\, < AP (37)

He, A = {1, Az, AN S )\?ﬂn i \pmax B!
50 AR BRARF R R E R,

I SRAE )RR 2 W] LAAS SR B N e ) B I B
e, PR b TE RN S RLAR T A% o S R R )
PEABEEAE. XA R SR, SRR 2 SEhR bk
T TR SRR IR SO A TR % T B TR R
itk (Kl 4).

FEAT ) [ R A% 2% BT B8 1 B AL B e 1E
ZJE, N T RIS, &R AR R A
L5 B AE AR TR AL DL R B v n R HifA,
Ao VR 5 HL A S AR O TR RS A R PR A
(B 5). F34k, inldl 2 J2 a8 1 17— 8 % T R il
T R RS ASERTAE, con (F} B (1) S5 5%t
B E N A e, DR, 72X ) 2 AT
JE I R SR A B3 R gk R AN R G o AR
AR Z RN AR T 240, R T RS
TFIRPE R B BE AR A 0 7 R0 Tl 36 45 SR 2% B,
PE BBl R v N BT 07V 5 AR 5 R FE R AR
FERAE T B3, 52 (Al B A HT AN SO 38 g
B 25, B TH AR R BRI N TR A LA 3 1
b [RINHEN T BB TR D, S 1A TR
JEE BRI A 2R 0 F AR P Jo . AE TR R v N FH 1%
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Fig.4 Decline curve of impurity ion concentration along the reactors
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Fig.5 Two layer control frame for cooperated gradient optimization of multiple reactor system
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Fig.6 Copper removal process control strategy based on process evaluation and fuzzy rules
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