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Since the liquid-liquid extraction based on the flow injection analysis 

have been dependently introduced by Karlberg et al. and Bergamin et al., 

techniques and devices on extraction/FIA were developed remarkably for 

practical usage and also the function was enhanced. This paper 

describes a practical FIA system with solvent extraction involving new 

techniques and devices. 
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Fig. 2 (A) Phase separators with 

micro-porous PTFE membrane 

and PTFE tubing 

(B) flow signals for ben- 

zalkonium: 

(a) Membrane, Gore-tex seat(pore 

size 0.5 urn) ; (b ) Tubing, Gore-tex 

tubinq(1 nun i.d., pore size 2 pm); 

SG, segment; Org., organic phase. 



segment 

ste 

Fig. 3 Diagram of the im- 

oroved qlass-blown 

Fig. 4 Behavior of the liquid-liquid extraction system without phase 

separator: 

S, sample solution; IV, injection valve; OS, organic solvent; Ll and 

L2, extracting loop; D, spectrophotometric detector(652 nrn). 
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Fig. 5 Schematic diagram of the liquid-liquid 

extraction system : 

RS, methylene blue solution; CP, cycle program- 

mer; D, spectrophotometric detector; L and L ,  
1 

extracting loop; P, peristaltic pump; W, waste. 

Fig. 6 Recordings obtained with blank and 

three standards of sodium dodecyl 

sulfate of 0.39, 0.66 and 1.21 ~g/ml: 

I, interface; CP, center of the plug; (a) at 

a slow chart rate(2 min/cm); (b) at a high 

chart rate(20 s/cm) and recording a cycle; 

(c) half cycle; (dl derivative recording of 

(c); (b),(c) and (dl are obtained after three 

reversal cycles. 





BS, acetate buffer solution(pH4.7); RS, re- 
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agent solution(La-alizalin complexone); OS, 
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organic solvent(hexano1 containing N,N-di- 
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ethylamine); PI, peristaltic pump; P a ,  dou- 

ble plunger pump; RC reaction-extraction 



~ 2 t Z % v > - C a ~ < ? ) @ < b K @ @ % :  membrane phase separator. 

la,aqueousphase exhaused to W lo, or- 

. l2 - * * ganic phase exhaused to h' Za, aqueous 

phase exhaused to W ; 2 ,  organic phase 

3f&&t$?b-^u*7 exhaused to W 
2; 

3 ,  organic phase exhaused 

/-)b75'V4 YXf-Ib to W ;  flow-rate of organic phase, 0.62 

7,7-/l/(TBPE)%flV &I ml/min . 



Fig. 11 Flow diagram for the determi- 

nation of quaternary ammonium 

salts: 

BS, buffer solution(pH 12.5); RS, re- 

agent solution( 5 x 1 0 ~  Tl3PE.H in DCE) ; 

P, pump(f1ow rate, 0.8 ml/min); 5, sam- 

ple injector(140 yl); PS,' phase separa- 

tor; FC, thermocontrolled micro-scale 

flow cell; D, spectrophotometric detec- 

tor; NV, needle valve. 
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Fig. 13 Flow injection signals 

(CP) and mixtures with 

amine associates at (a) 

25 and (b)4S0c: 

A and A'. 1 x 1 0 ~  CP; B and 
-5 

B', 3 x 10 M procaine with CP; 
-6 

C and C '  2 x 10 M chlor- 

pheniramine with CP; D and D', 
-6 

5 x 10 M chlorpheniramine with 
-6 CP; TBPESH, 5 x 10 M; pH 12.5. 

L L ' k G t ? ,  L i +  Fig. 14 Structures of the 14-crown-4 

m#@%ÃĥfL&% derivatives. 
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Fig. 15 Schematic diagram of Na and 
+ 

LiOH)ZfI&L ,ft&iÂ± K determination: 

jg@$(&y+!Y + 9 U 0 4  ES, eluent(CH3COOLi + B18C6); RS, re- 

YJZY = 1 + I ) T f f l & L ,  agent solution(C12-EO + B18C6 + EDTA + 

f f l ~ % 4 5 O n m T S l I ~  6.  LiOH); OS, extracting solvent(benzene + 

chlorobenzene = 1 + 1); Sic, silica gel 

7 .  3 .  iÂ¤^^^4A-7 
column(100-200 mesh, 1 mrn i.d.x 20 cm); 

V, needle valve. 
%i 



5 ,  F a . - ^ ^ o M t & ^ a : ' f '  

< ,  zkk pH>ll-Ct>$%%'>Y Fig. 16 Schematic diagram of ber- 

berine determination: 
i-^W^m.35) 7 u- î  

BS, phosphate buffer(pH 11); RS/OS, 
A %?Fig. 1 6 K S T .  30-45/h 

1 x l o 5  yl TBPE .H/l, 2-DCE solution; 
(Q^W^&^GLB@E%%/J\ 

EC, extraction coil (0.5 mrn i.d. x 2 m) ; 
8 V .  D, detector(610 nm); Vl and V2, 

needle valves; AW, aqueous-phase 

7. 5 .  ICP/AES i C A S C d a  waste; OW, organic-phase waste. 
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Fig. 17 Flow diagram for extraction of Cd 

S/N = 3 T 0 . 4 n g  
with DDTC into cCl4: 

/ml, - & M E  
(1) teflon suction cup; ( 2 )  peristaltic 

pump; ( 3 )  segmentor; (4) extraction coil; 
4&2O/hf& 6. 

(5) phase separator; (6) needle valve; 
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