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Recovery of Spiramycin from Kelimycin Production Wastewater by
Aqueous Two-phase Extraction
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Abstract: Binodal curve of ethanol-K,HPO, aqueous two-phase system (ATPS) was measured by the
turbidimetric titration method. Empirical equations were used to correlate the bimodal curves. A method for
separation of spiramycin by ethanol-K,HPO, aqueous two-phase system extraction was established.
Parameters affecting the partition coefficient and extraction efficiency such as mass fraction of K,HPO,,
mass fraction of ethanol, initial concentration of spiramycin, extraction temperature and pH of the system
were investigated. The results demonstrated that the extraction of spiramycin was a spontaneous,
endothermic and entropy increasing process. When the K,HPO, mass fraction was 20% of the total system,
the ethanol mass fraction was 16% of the total system, the extraction temperature was 25 °C, and the pH of
the system was 9.5, the partition coefficient and extraction efficiency of spiramycin reached 47.52 and
97.97%, respectively.
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ARG A WA 58 T PEG-Na,SO, 1A £ %t 12
TER Z AR, SRR, 4Bl R BN A HL
B RIAE] 42.46 F1 97.8%.
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FREHAT TEIRPA . Wit T KHPO, R4
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Wl:aexp(bwg'5+cwg) (6)
W, = a+bws’ +ow, (7)
W, = exp(a+bwd~ +cw, +dwg) (8)

Kb w K CBER BT 734K, %; w, 1§ Ko.HPO,

BRI, %; TR a. b, c. d AFERSH.
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BT R, BRI RESEL MR B bR
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F 1 HE(6). (7) F (8) XFLEE-K,HPO, A FR HY AL
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Values of parameters of equations (6), (7) and (8)

for bimodal data fitting of ethanol-K,HPO, system
Tt a b c d R SD
(6) 0.71590 —3.36684 —22.50057 —  0.9996 0.0034
(7) 0.65875 -1.63679 1.00077 - 0.9976 0.0079
(8) —0.21594 -5.04298 5.77380 —17.38426 0.9999 0.0016
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Table 1

e 1 PBUEATHEL, 3 A5 FE Y RE A
PIE O FE-KHPO, (R Rk, Hrp, &7
(8) i) R*=0.9999, SD=0.0016, L& AIHERTEIL T
LI FEC6 )T ), Hit, 2 (8) A L EE-K,HPO,
NSV E I € STeiN
2.2 K,HPO,RE 5 # > ZEE A0

SLE LT Ko HPO, JH i 080N 16%~26%H %

Fig. 2 Effects of K;HPO, mass fraction on R, K and Y
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TN ARRFE A, A N

Bl & KoHPO, Bt 2 5 m, K fy &
BT R . 2 K,HPO, 3K F] 20%0), K ik 20.48,
Y 55 96.30%. JR A& K,HPO, JF 20 B hn i K
T BRI RS = N A, A 2R S v R R
Rl SPM B 5 s i fE L AH, KA Y 38K, R4 K
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Y ST H A B AR SR IG AR R BB 98, SPM &R
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A BB N 20%.
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KAFRIGE ISR, T LMK FIEZ, B
RFE R, AR,

LR RN, KBERAG, Y Bk,
Ji PR R 2 T ot 3 SO i K 4 i P ARG RS =
A, TAHKP S REFEAL, A KoHPO, YT i ik
FERER, KRB SR, SPM & AR AR, i K [
Ko CPEJTTi A3 B0 K AL EARPRFRG R, il Y
WK, CEEFE BN 16%0F, KA 23.50, Y k%
96.03%. K LEERTH AR AR Ml Y IR, HIE
KIREERN, B KL, AR R, ffiss:
SPM 45 iy 2 CBEMISCHRVEMERE S . IR, e &
Pt f i G 1 B i 43 BCH 16% 6
24 iR EZNIEREIZEE KN

R 52 BR T 25 A 7= I K v B8 B 2R I I Uk
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Fig. 4 Effects of initial concentration of SPM on R, K and Y

F & 4 B HT, SPM Y Jof i R B XA LU A B
S, Ui SPM Xf £l -K,HPO, BUK A A £33 1 T
P, X HS A A

Bl SPM ) 45 JiT v 5 A3, KRN Y Se iz i
FEAK, SRR EIRRE . IR EERT, SPM B 5%
T OB, Btk K Y #BK . 24 SPM i ik i
1 0.8~ 1.4 g/L B, K &AW 284k, 775 40 B2
RIAE BGE BV )5 0 B R B — 8 (E, SRR i
A Jo e TR B T R o TR IR LN SPM X
AL R, Y s I AR . TR P
WRETE RN K ALY B0 K, 24 SPM it
WREH 1.4 g/L B, KAATIA 21.87, Y ik 95.67%.
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Fig. 5 Effects of temperature on R, K and Y
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K 3K A POREE TR 7 Tk OB £
B3RN0 N YN s A WA NS =2 = RN
RBOMFERCE, i@ ol A A BGRE R 25 °C, 1t
mf K 24 23.20, Y4 95.97%.
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i, KIET pH IR FR pH=10.0. Jf 5 mol/L iR 1H
WIRR pH, 4 pH F#7F| 8.8 it A /D K,HPO,
MR R AT . HIE, SEE %2 T SUKAR R pH
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Fig. 6 Effectsof pHon R, Kand Y
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H e, 7K A7 — e, 845 SPM. SPMH'
M SPMH;" 3 FEAERAS . i T Xl 1345 21 2ie
B R SR A i 408K
SPMH3" = SPMH" + H = SPM + 2H"
c(SPMH") = ¢(SPM)-10P>~PH (10)
C(SPMHZ") = ¢(SPM)- 10PKiPKa=2pH (17 )
Hrf, pK=7.1, pKy=8.4, HELERUE 7K.
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Fig. 7 Effects of pH on the percent of spiramycin under
different conditions

SPM 5% TR AT HLIA ], SPMH' Al SPMH;"
STk, HE 7 AT, 4 pH>8.0 J5, SPM &t
Bifi pH 34K 284k, pH=10.0 i}, 12EH % JLF
U TIREAE. FHik, B 6 ., KR pH H
8.8 WK F] 9.5 B, KA Y ZEWHI A . SPM TEMH 4 5%
-5 W figt, Bk SEIG K pH 23 K FY B4R, R,
WE R RG-S 0 pH=9.2~9.5, TEIEREIA, K &
F32.66, YT 97.11%.
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Fig. 8 Relationship between InK and 1/T

A 1F BRI LNt TT RN -

InK=-775.87x1/T+5.71 (R*=0.9765) (12)

HAET A HfEZE (AG, kJ/mol) it K fAE
(13) 5, %7 (AH, kJ/mol) F7AE [ AS,
J/(mol-K) MR Vu ke R A 14 )18 AG,
AH F1 ASHI{ESI T3 2, Hob, ROVEAHSIRHE B,

8.314 J/(mol-K).

AG=—RT -lhK (13)
1nl<=—ﬂ+A—S (14)
RT R

2 RUKAA BUR e R 3% A9 IR 2R

Thermodynamics properties of spiramycin by
aqueous two-phase extraction

Table 2

T/K K AG/(kJ/mol) AH/(kJ/mol) AS/(J/mol-K)
278.15  18.42 -6.74
288.15  19.78 -7.15
298.15  23.20 -7.79
6.45 47.49
308.15  25.42 -8.29
318.15  26.71 -8.69
328.15 2725 -9.02

M2 2 AR AT, AG<0, i ZE-K,HPO,
BOKAHZE SPM i #02 [ &Z HEATHY , IR e R R &
ESE T EEAEBEAT . AH>0, AS>0, i A A% BN I PR
W, Th e R A R T ARG T . SPM 7R
Tk 2 o} S5 KA R FRE Sy B e, DRI, AR BRURC A 5 T
IR AT,

3 &g

(1) 25 °CH}, K,HPO, i/ 50HA 0.66%~
42.84% WL RN, L EE-KHPO, BUKHIA R HREIE
HRESE B SUK M o 2256 07 5w, = exp(a+bwd- + ow, +
dwg) X 2. 152-KoHPO, XU 2k B0 #0045 2800 e £
R’=0.9999, SD=0.0016.

(2) %5 T L WE-KHPO, BUK A 2K BUZ fig 5 &
o BORLE . S5 R, YRIUKME R B K,HPO,
JRE TN 20% . LEEFEATECN 16% . K BURE
Jg25°C. KZE pH=9.2~9.5 i}, /W RELL 32.66
PLE, ZEBURIL 97.11%0 1. Hidr, 44K R pH=9.5
BF, FEECOREAE, IR EGAT] 47.52, ZEBCRA
F| 97.97%., FHGIFE AG<0, AH>0, AS>0, ZE
-K,HPO, XK AR # HUIR i 25 3 2 WA 3 14 [ kit
TR, MR RN T A

L BE-KoHPO, UK AR R 52 26 U E 25 2 114 43 i
ABOAERCR S, AT pH ] IR E R A
A ZR 485 i 0 8, i LT FH AR ) 5 £ BT K HP O,
AT DL A A A, R kY5 g, A A T 2 e
BEF YT F R R A KSR HE T O
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