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Static Setting and Dynamic Compensation Based Optimal Control for
the Flow Rate of the Reagent in CePr/Nd Extraction Process

ZHU Jian-Yong' 2 YANG Hui''? LU Rong-Xiu*?2 XU Fang-Ping'? YU Yun-Jun®

Abstract Manual operation mode easily leads to a large fluctuation of production indices such as component content
in the rare earth (RE) cascade extraction industry. A static setting and dynamic compensation based reagent dosage
control is proposed to stabilize extraction production running. Firstly, the flow rates of the extractant and the detergent
are determined according to feed conditions by case based reasoning (CBR). And then the component content of Nd is
measured according to color feature of rare earth solution. The fuzzy reasoning model is used to compensate the flow rates
of the extractant and the detergent in order to compliment stable running of the extraction production process according
to the difference between the soft-measured value and the given value. Experimental results show the effectiveness of the
proposed method.
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Fig.2 Optimal control scheme for the flow rate of the extractant and the detergent
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A, (k) = f(es(k), Des(k)|)) (17)
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Dvy(k) = Doy(k) + f (18)
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Fig.4 Fuzzy based compensator

2 (17) Bs BORERII i o S s BRI 4
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5 BRI RO BT 52 i i 4 6, T DASKE
W Tl o o PR RS s ) 8 20 AL PP BRI AR 2
P2, F5ZORE A RIROR ARSI T S8 T

MRGHIE, S8 a5
1/} = [khv kgu ku; Qp, bh7 Ch; Qg, bg7 Cg; Qs buu Cu] (19>

Horp, b FoRBOM R sl (REE) W7, a. b Al
¢ FRZAERBERESELE, Thih g filu
IFRAS SRR SR ERI U

Ay S BR e A R AL I TR A R, A
o B AR ZE TN AL oy 5 B 7R b 25 SRR AL BE X
AR, R REOR S HILAS B 0 T S S R R
LPRAMEABCRFIVE R E. B0 SRR 2Em
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Es M AE, By e BB SRy “NB7,
“NM”, “NS”, “ZE", “PS”, “PM”, “PB". AV,
8 5 LA BRI S “NL?, “NB”, “NM”,
“NS”, “ZE 7, “PS ”, “PM ", “PB ", “PL”. iE4
Bl 5 (a) BroR, =il sfeJm B2 ol 2 A =T
S8 a. b, c B LA LE YK B R A0
Jei, FAZS A BIBRGE. FE—MBOLT, B A AR
T SR R R DL, BB AR R
R 2 i A/ NS BB N AZ ARSI B 250 B IR
A3 5 AT A ZE A AR IR M B 1) SRR 22 e i P
5(b). 5 (c) Al (d) Fi.

R 5 2 B RS, RO LN R Ak 1
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Table 1  Semantic rules table

NB NM NS 70 PS PM PB

NB PL PL PB PM PM PS 70O
NM PL PB PM PS PS 70 NS
NS PB PM PS PS 70O NS NM
7O PM PM PS 70 NS NM NM
PS PM PS 70 NS NS NM NB
PM PS 70O NS NS NM NB NL
PB 70O NS NM NM NB NL NL

Ri: Wk B R Ti(Es) Ml AE, H Ti(AE) N
AV B Ti(AV).

H o, R, £ R if---then--- L N,
I(-) € {NL,NB,NM,NS,ZO,PS,PM, PB,PL}.
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(d) Compensator of the flow rate of the extractant
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Fig.5 Membership functions of component content,
change error of component content and compensator of

the flow rate of the extractant

FH RO e i o 5 2R — O, Sk T
RO SO AR BRI TR R R/ AL,

N T REUSTT B ZEUR AME ARG 2 5, (T ELLD
TRIEASR:

(Ti(Avs) - po(Avy))
Av, = =1 (21)

n

;uv(Avs)
Hor, n fek e Eoc B B8 T (Avs) Fonki
W TTER, PR po (Av,) R S5 S8 B2 b
. FEFENZ, Av, FFEIFRALHIA T k. 4 6E
TN T P 5 .

4 HEERSH

AT HERE T LS-SVM B 24 7 5 1 BRI St A
A, PAFEAT] CePr/Nd U4 B A 7 i FE X4,
TE CePr/Nd ZEHAE =81 37 R 48 350 (1R G
i, 287 IAERINGRFEA, 63 M AERIAAEA. R
FEA 2R ML 250 50 A1 A0 56 A AN S AR A B T 7, 4R
BUBIREE W ERSE H, S B ik 28— e
RERIN AR R A AR B, AR JE 1) CePr/Nd 24>
ErE e N AR B O T BRAR B ) Tk
TR TE TR SZ I, RE R/ A AR A R B
SEFATIH— A BE. T BRI, R0
H0.93, A; w58 2, BB T 8 w8 0.1, ¢ h 2.
L ZE (9 HE A R J M 3l 2 2 > SR 50439 R 0.12,
0.11, 0.21, 0.21, 0.11, 0.12, 0.12. 7£ LS-SVM 4%
W E IR TR B e TR o Ol 10.37, 1E
BB (SH) v 2 0.53, 287 LHEEASZE 4
LS-SVM #5284, FIH 63 Il EEATE &2 2R
B EEAT IR, 5 AN TAREAS 211 63 AT
I 1R 2H A3 A I A R AT R Lo By, S5 SR AN 6
Frs. S5 F A A LA K, S T
PZ TR AERE, 5 RBF, SVM J5 ik g, R
Yo AR R ZE (S e i Bt 25 L SAE W ARRE) N3
722 (We— AR W BT HORE BE) AR AT F8 A,
PHFEARSH: RMSE = /15, (5 — :)? A
MSE = /TS (5 - 9. 4RI 2 . A
KA LS-SVM #H LT RBF Fil SVM 7 iERUR
BE4T

R 2 5] & b 12 B B 32 B 2 R AR S 5
(i} e, B Y = [khv kg? ky; an, by, cn; Qg, bg= Cy;
Ay, by, e, R T 2R, Nd HoE&aiREM
Wiy [-3,3], H#iEEm 0, Hit Ah g
5 [—3,3], W ky, =3/6 =0.5. Nd 44> &84k
RIS [-0.18,0.18], HAUEMR N 0, Hitk Ag
(9318 [—0.18,0.18], W k, = 0.18/6 = 0.03. #
BE{EE A [3ml/min, 5ml/min] H H & 5 M
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4ml/min, N Av i3 [—1ml/min, 1ml/min],
W k, =8/1=28. Ah, Ag Fl Au )& B R BN H;
EZENER 3 Fron. Tk T2 5c ks nl MK H 1
SR L = 0.9298.

2 AETREEEIRTERE LI

Table 2 Performance comparison of different models

Nd (%) CePr (%)
Method RMSE MSE RMSE MSE
RBF 0.5829 0.623 0.6243 0.6109
SVM 0.6021 0.528 0.5820 0.652
LSSVM 0.5012 0.4891 0.5391 0.509

45 :

VA

PR

Bl A
(a) Nd #H4r5r
(a) Component content of Nd

| [e-CePr f3e 1
65- - CePr ﬂ\’t'}!ﬂ%m
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ETEIIEE N
(b) CePr #H4r5k
(b) Component content of CePr
K6 ETHRgar s SRS R E g
Fig.6 Component content by soft sensing based on color

feature of rare earth solution and lab test

RN TIT ik B R 1 S 00 HE B 50 A
SISO AR RCRAT LB ? i, 456 1
PR BB / Bkt 2O R, REP 2 gt A A3
TESNTBE TR 2T S0 e L0 B Ay 3k
AT Heislle. =4I 2 ek 3 T il —
PBHRE, — AR A SO R REBCE T s 75—
AR FARR A T RE TR 5 = 4R &

TR AR B TR, A AERUE
APRRBAT TR, 2B P SRR SRR ). RERR 2 ZhRHE
SRACHURMIPE IR . R AT 4L 00 5 B R B
MR A IR A0 5, 5155 60 Aliafr B, 4t
IECRANE T s, BT EGOR A2 e AL B
20 G, TR ARG Fp S 4L 7> & R TE [26, 30]
WM, CePr W45 &84 70, 74] YEEIM.
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Table 3 Membership functions of the fuzzy logic

controller using characteristic parameters

Nd 4l &|iR  Nd 495RAaR AEBUR M B
NO. a by cn ag by Cg Qy b, Cu
1 -8 -6 -4 -8 -6 -4 —-10 -8 -6
2 -6 -4 —-15 -6 -4 —-15 -8 -6 —4
3 —4 —-15 0 —4 —-1.5 0 -6 -4 -15
4 —-15 0 1.5 —-15 0 1.5 —-15 0 1.5
5 0 1.5 4 0 1.5 4 —4 —-15 0
6 1.5 4 6 1.5 4 6 0 1.5 4
7 4 6 8 4 6 8 1,5 4 6
8 X X X X X 4 6 8
9 X X X X X X 6 8 10

B 7 I3k 1 R ARSCHR B R T YR X A
SE, IR 2 FoR NLITRBOE, Ik 3 FonUR M &
T BB PRI B T AT BOE. B 8 =
MOTIRIIEG I EASAL DL BT R 8 S T4 gy
R A KR R A A BRI AL TR R AR A
TE 61 MREAS U L, AL S AL, HOuh Y 28
BGRIAN PG 7 I 2t A B A Ak, 3]
—AAsr AR L. I T A S, k2 AT
P REE AR, I BRI — L BIA0E, S
Aoy S RPBIER. Tk 3 WAl S REBE R, I
HANH R BRI B M 2%, Ho s AT ad S 42 01
HEREARTTS A ICR, (HBCA A BRI R
MI7E 1 A SR DB, 2 2R IR
Bz, W, AR PBOE SRR L
1Ay 73.78 %, RN LITIAMI G #EN 75.4 %,
1M R AR SCTT A B A% R O 83.5 %, X Ui Wi 28t
BRES S AMEBIBL A RMEIE ], PR ik ik 1T L
OUAT R I, SR TN TIA . BT S fl i
g FRA AL R RE T A AN AL

FER AT A 4008, B 7 AR AR, 2K
AP AR R A A S o RAER SR bR
Z—, ) STEEOIMR. A SO AR
PE, BN TiE . BB A KB REI AL BUE /Y
AP RS AR AIVE R I AR 2. ] 8 R A
SOOI AR MR B3 HE 53 AP RR TT VA 21N,
24 70 R AT B F- 42 T HL, Ak 4 B,
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BN IR AR A LRI, BRI S B 4 i ZE L
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Fig.7 Component content obtained by manual
method. CBR based method and the proposed method
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(a) The flow rate of the extractant
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Fig.8 Flow rate of the extractant and the detergent
consumed by manual method. CBR based method and
the proposed method

F4 FEREMPEREIHEASTR O
Table 4 Sum of the extractant and detergent
comsumend by three methods (L)

ATk ESVES RS AT
Peight 82.67 82.29 81.54
R 28.63 28.26 27.54
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