N

N

B 2+i H2 / BbQiQTB+ M HvbBb Q7 #BQ2i? N
KmHIB@+QHH2+iQ  A*S@K bb bT2+i"QK2i"
+QMbmKTiBQM b KTH2 BMi"Q/m+iBQM |

* "HQb a€M+?22x-1/m /Q "QH2 @62 MEM/2x-J i *
*2 "H2b@S?BHBTT2 GB2M2K MM- CQbU@GmBb hC

hQ +Bi2 i?Bb p2 ' bBQM,

* "HQb a€M+?2x- 1/m /Q "QH2 @62 MEM/2x- J i *Qbi b@_Q/ Q:m2x-
CQbU@GmMBb hQ/QHQ- 2i HXX .B'2+i H2 / BbQiQTB+ M HvbBb Q7 #
A*S@K bb bT2+i'QK2i'v rBi? iQi H+QMbmKTIiBQM b KTH2 BMi Q/m+]i
B+ H iQKB+ aT2+i QK2i v- kyR3-jjUjV- TTX93R @ 9NyX RyXRYyjNf*3C

> G A/, 2 H®YR38N8jd
?2iiTh,ffB7TX? HXb+B2M+2f? H@yR38N8jd
am#KBii2/ QM kk m; kyR3

> G Bb KmHiB@/Bb+BTHBM v GOT24WB p2 Dmbp2 "i2 THm B/BbBIBTHBN
"+?Bp2 7Q i?72 /2TQbBi M/ /Bbb2KIBEBMBR MNQ@T™+B2® " H /BzmbBQM /2 /
2MiB}+ "2b2 "+?2 /Q+mK2Mib- r?2i?@+B2MMiB}2mM2b#/@ MBp2 m "2+?22 +?22- T
HBb?2/ Q° MQiX h?2 /IQ+mK2Mib MK VW+RK2Z2EF IQKHBbb2K2Mib /62Mb2B;M
i2 +?BM; M/ "2b2 "+? BMbiBimiBQWER BM?8 7M#M2I @b Qm (i~ M;2 b- /2b H
#Q /-Q 7 QK Tm#HB+ Q T ' Bp i2T2HRAB+B @2MT2BIpXib X


https://ifp.hal.science/hal-01859537
https://hal.archives-ouvertes.fr

& & (%
010 233 45464 . 0
0 <6 <3
% / - # = 0
% @ A!)o* )B,7

8||

4447

# $%

0C

%

0

5 73574

9

8"



% 2C

- @" "Co.
% ( %
@( C E ! -
@ C % E %
@ % %
2 0
( % ( -
0 (
0 ( %
F G ) - 0( - -
( 5  Hol % %
- %
- % 0 (
2 < - _ @<# C <aH [y <4?
<46 p<¥? 4044HJ  40446J -
4044H) @< # C 0
( ( 2 .
- @ D)
CO ( @ C % / ( #' 33H 9
% # K @ C2 %/ (
#'36 9 HIJ ) %@ C
0. %
- E
4 L4
% ( <IM F ) 0
( % -
) - 0!
- %
- -0
A& "



% %
1.G. /| 4 HIJ
@ Co
% % % 2
@"'(co °7?
- %
- % 2 %
% - % 0 (
% %
%
0/0 0 ?6 (
0 “°G -
% 0
( %
% 0 %
-0/
2 4
- @
- 0%0
- - 0%0
0
% - %
2 %
0G
% %
%
o % 0
2 2
@ CO ? 39<<
G %
@ % % % C

%

- % %
)0
% %
% % @7G7C
0 9l
) % %
0 H
%
% 0 °G -
% %
% -
2
% @ % C
)
@ 1CcC
¢°0 G -
E
% % -
%
@" "C - -
% 0 LQ?(
0. -
E % @G&C
H6_ E
%
) %
" - %
0<° & -

95

. %



% <?<H % _ %
--% % 206G -
K) %
% 0
( 2 -
2 - 0 ( % R
% % - A % 2 % -
% 2 2
% E 2
2 ; %
0
( ( @ % ( %
C <6 _
% % 0
( ( 2
% - -
% ) 0 < 5<354 (
)
( -
- E o" - -
- ( % % -
0 ( ( o - %
E % - % - D %
_ E 0 595IG
% - % 0
( bo- ) 2 (
D
% "0
! - 2
: (@ c -
@ c :
" % ) @F G CO
@/ ( #' 36C @/ ( #" 33HC
/ ( % @ (7 %" ,.C
N
% O(P O I ((P - 0

<46 D<4? Q <0 96 R
404446 D Q 403 L?L R 4044455 D “* Q <05H4L R 404443 “*( D™ Q <056H L
R 404440



. @ % * % *. | <
454<4C % -
o - (
% / (( % / ( >0 (
OG PO ( G D Q
<O H? ? R 40444 3*" DY Q 403<55 R 4044442 @ - % R 31J - Ql
SQ404l 5J G/1 5 2CO
% % % 4 44]
@-D-C % @ - 60<"T C U
@" " ! C
% % @! v ",C 0 ! (
! (( A 0.
% G/ (( 14J HID  44J 0( (
% - 2 0
) % % / ( I (( A
HIJ  0( A( % % %
% ( E
E 0 (
A 4 W% & ( F ) N
| W% & - F ) N L4 W%
& ( G ) N 24 W% & -
G ) 0 (
) %
0
! - - %
404<I W% & ) IW% & G IW%& /((0!
2 0 (
% N
% @
% Co
% % 2 < 5130 (
40445 W% & @
E "&C <050
% H344 " @.% ,.C (
E 0& 2
<J G/1 5 % % &



@ % - C % & (@ % - co <45( <4|( <4?  <4H

<46 - @ D % CO
( % ( @ 7 cC/
moo E 54 D
0. -
@ %7 C % 40<I - % @7
2 " Co
l
@ 1 [/ ,.C 0 (
- A ( 3 > %
< 5<6<35H @
1 / ,C ]
0( % E
% ( 0! -
( <IMO
% ) 1 <
E % 0 ( )
G @ - C F @ - % % - CO *.E
04 : 0. "l 164 @ )
G .,.C ) " 8 #
1, 4@ ) G L .C % 40< &
% @<4J 1 .X64 .C -
O L 553
%
% (
2 ) % @ C 0!
( - A # K
? \Y;
2 0. 2 HIJ
2 0 % ) % %
@Y40JCO
(0 @( [
"C
1 ? "
) @W& C 14 44
@MC < H(
#  @VC L44 544
% @& C |
2 % @& C 4064




1 % @& C 40L6l
1 .D. @<4JD64JC @& C 40<4
% 0
) G) 406
F) 406 ‘
& % | 2 -
# &
$
N
/ ) H
/ D ) ?
% @C LO 3L
% &5A  ““G%N &KMN & A" N A*'(N G A N G<A" N G5A*®
# & &< &5A 4 TNG G< G5A4T
1 - 0
#(A
%
& #
( D
% - " 0 @ C
) @F GC @cC @ - ( C
- “C 414 44 - -0
1% 00 | H - - %
G F o) 0 ( -
% F) - % % 2
0 L4L
1% 00 - %
<M @ - % 2 - C
- % F 0
( % -
0. 0? 44 -
<05 50H 14 4] - 0(
0 ( )%
_ 44 0G -

%

%



- ) % ) -
0() % - - 50< LO?
HOL 44 14 4 - 0¢(
- - (0
/12 - ( -
- %
0 <°
, - 404H 4046* W% &@40L407?2* o <%
40440 * W% & @40<440<<* @b “( E 4 <
0
(a) 0.06
oo 0.05 i
B :
> 0.04
20.03 3
2 0.02
(%]
§ 0.01 _+
w - ®
0.00 T
0 20 40 60 80 100
Ethanol concentration (%)
—e—Conventional + H-type skimmer conventional + X-type skimmer
(b) 0.20
£0.15 3 .
> $
2 0.10
2
2 0.05
()]
(%]
0.00
0 20 40 60 80 100
Ethanol concentration (%)
conventional + X-type skimmer hTISIS 125°C + X-type skimmer
1% O " @C @C - 0*

( Al44W& - - A &0 Q<O



( %
- - E %
0
% )
% - 2 @HJ C
2
_ % <46 D <4? <4H D <4? / (
% % 4 440
| 2 ( 14 W% &
% -0/ @ C
- @
- - 9<#C
40445 4044HJ 4044 404 42] <46 p<? <4H p <7
- @QIl <# CO0
2 @( <C - A
( F ) N ( G )
F ) G ) 0
- % - - @<# C
L< - H1J 0 (
! ( % %
@ ( <CO0 % <46 D <4?
<4H D <4? _ @<# C
- % %  4044HJ 404 49 <46 p<#?
4044H) " D* 0
2 - - @<# C
/ ( @ H 1J C %
@6 9 <C 0(
% 2 -
% D)
O n _ <4|( D<45(
0
( <O 2 @ <#
) Co
) ( @JC 2 @JC
0
( @Wo/ﬁ:é,’:46 D <4? <4H D <4? <4I( D<45( <46 D <4? <4H D <4? <4|( D<45(
- F | 4044 4044 4044 4044 4044 404 ¢




24 4044 | 4044 | 4044 | 4044 | 4044 | 404
F 4 4044 | 4044 | 4044 | 4044 | 4044 | 4044
( L4 404¢ | 4044 | 4044 | 4044 | 4044 | 4044
. ) % 0
10y < <46 [y <4?
443 ( @ <IMC -
Fo) @% -
% G ) CO (
- O -
- - I ( 0
( - -
@ % <C -
[ < W% & ( %
Y 4 W% & 0
E %
443 <W% & ( <IM
4 W% & -
V % G ) E
443 2 | W% & ( <l
W% & - 0" - )
E
( -
@ '% Co




(@) 2.171

2.170
0
(a8
8 2.169
NB .T 3 S
g2168 17t # - .
Y2167 |
2.166
0 10 20 30 40 50 60
Pb concentration (ug L?)
e Conventional system  ® hTISIS 125°C
(b) 0.10
[ J
0.08
£ 0.06
o
& 0.04
h [ J
0.02
S 9
0.00 - “ e
0 10 20 30 40 50 60
Pb concentration (ug L?)
® Conventional system  ® hTISIS 125°C
1% <0 @G ) CO@C
<46 p<? /(0 R< @ QsCo@C# @JC “®*D*
1% <00" 2A 44) 0
&
% HIJ 2
2 <050 (
% (
2 - %
# K @ C
0 1% 5 -
@ 4 44]
C D @!% 5CO0
(
o Vv G ) % # K
@/ ((C @/ ( HIJ C E
2 % 4 44] 54 44]



- - % % G )

% % 5 W% & 6.
50< E %
% ) | W % & ( <l W% &
- - 0
F ) - %
- @< W% & CoOG -
F ) E
2 %
2 @ !'% 5CO (
2
- /(01 H4 34
<46D<4? % _ 0
%% F ) %
E %
% 0 L
2 - E
% % 2 @/ ((C
/I ( HJ % -
0
% <IM F )
2 - E
% 2?4 44 0
% L4J 2 0¢(
- - @ C E
% ?4 44 ( F )



1% 50 2 - -

@ 2 (C 2 %
HIJ )
0 R < @ Q5CO (
R -0
'
( ( -
_ _ < 5<354 O 5955( (
2 -
24 44) % F ) 0¢( <46 p<#?
@/ ((C 2 @l ( HIJ C
1% L A

@'% LOC HM @'% LOC <IM @!'% 40 @'% LOC <i4M @!% LOCO (

) % @'% LOCO
- % - @74 9 44JC
@'% LoC ( <IM @ % LO
1% LOCO ( 2
0( % %
2 - (
@'% L0OC HIM @!'% LOCO
( -
( <IM



@
E

% HIJ
@'!'% LOCO,
0

! (
%
%
- % O -

( \ <IM
44] 0

%

505C
%

HIMO G

<IM
@749 44 C %
% -

<M @'% LO !% LOC

0
% - % %
- 0( 2

<M %
% ?4]
<IM %



1% LO ( - 0@cC

#HO@#0 C@C@C ( @C# @CHM @C <IM @C<44M @C
<l4M 0 R < @ Q5CO0 ( R
-0
( %
] - -
% % % 4 54)@]44 H4J C
@3?J % C %Y 404<IW%H & @
E 9"&C 0
) 0 (
) | W% & G E
%" " ( <IM F
) 0.
- @Y'& O )P
% % 0
( - G -
@ e DY Q <OH?? R 40444 3" D*? Q 403<55 R 404444?C0
1% | <46 p < % ) | W% & G
0 ( % %
- % - %
- - 0
( <IM noon E
Fo)
0
1% 10 <*® D% ) | W% &
G 0 R < @ Q5CO ( - R

-0



<46 D <4? <4H D <4?
@ 2 4 54] CO (
% D
@<IMC F )
%
< W% &
E
%
0
1% 7
@<4H D <4? <46 D <4? CO
I( G
% <04<L R 40445 <0563 R 404
R 404447 - 0(
- % %
( %
@ % CO .
% 0
- 2 A
% E
% D
% - @
C
% LH L(‘O
# %% -
) E
G - %%
D -0 )
) E
- % 20

%

% (

406 <0l W% &0'!

%
@ 50<CO0
?4J
%
0<46 D <4? <4H D <4?

446 406751 R 4044 4 4063<H

0 L<L5
00 -
<LLL9Lb C
%
2
% - - %
)
0
% 0 L3
- 0
%
% % %
- %



1% 20 ( %

R<O0
(¢ " " D
( - % :
0 ( ( <IM F
)
0
2 %
E %
% ( % # K 2
% HIJ 0
(
L4J0 - [< W% &
- @ -
CO ( ) %
- 0
%
) % % % - % 0 (
( n n

%



%

% % % %0
&
( ) % U/ 7.
y
%  (?D44L55 1/
) V1 %

e % O

%

-0
|, 5D4 L56
0" # $%

! ) 1



.0 <4 ++ H9<60

"0A) 0

Vv %& <4 0<<9<IHO

70"0V ) ! * %

<4 40

#0 0 008& '0 &0 ($ " I # <4
, ?2L940

0" 0"% 0G G% '0& #0 $ %! &
OO - <45 )+ ?359H4I0

00/% 0 % H# <4 - 1<9760

0& 00"E % - 0<4? 0<<9<5HO
0% '0G O0( 0 ) 0G 1 /01 <446 .
<519 <560

00G GOGO/% V07 & <4L ). HL<9HL30

(" 1&2 34/05165 | | 3 +

% 7 # 1 1 +

Y, ) <470
(. ab I -& - (668861 !

3 # ' #

% # <44HO



<4

<<

<5

<L

<I

<4? ( ?9<<0

0 00& '0&0( $ Lo# !

<47? ' 339460

"010 ( . # % <44< + <|I9<H30
0 0 . # <44 ') 319450
&0c %2 ! #( <443 + 33494 0

07_ & ov do: ; 07_ L H# <44L
-+ <L 9<L30

07>% .0/ GO &0 * 10 & <4H ) <H69<6L0
oV " 1 # <44< - 5695610

002 0# ) 0 % ~ o" -) " I # <447?

L<HO
*0 - && 0* G ) 0 % 0* ) ! # 1

, ! <45 +. <49<30

I0* ) &0 o" -) " I # <443 ' 67?50

&0 &0" 0* ) ! # 1, ! <44

)( H?39H6720

o# 0! 0! "0 ) 0& % 0/>% .0 '0

G % (7" % # <4< - 15<9IL<0
0* % 07 0 0V % 0 o( 70 10

* ) :0'0#0# 0G % 010 0 0 9

I <44 . <LH9<IIO

<4



<?

<H

<6

<3

54

5<

55

SL

5l

57?

5H

56

53

"0: )*0 *0 e "0" ; -f * <446 ' 1?<9IHHO
0 0 00& 0" % .0 100 FO
" I # <44H 5195?40
0&( $ 00" " I # <445 + 619 30
#0 0 '0 &0 ( 00& ‘0"0" "
I # <4L . <L<9<L60
#0 '0 &0 ( 00& ‘0 "0" " I # <4<
- 35H0
0 070. o#0U > " I # <45 + 5<40
0 '0 &0 ( o#0U> " I # <45 + 5<HO
.0 0& "07 10 * ) " # <41 |,
5<<9 5<60
.0 "07 " I # <4L . 3<?0
0 070. O - 0 "0* 2 0&0( g O
#00U '0&0( $ O#OU> " I # <4 ) b5H<95H30
vVO"OV 0. h 0> ) H % <444 )- <IH9<H40
#0 0&0( $ 00& ‘0 "o ! # o,
! <45 ++ 4L9<?0
0 V &0 o* VvV 10 ) 10 * "
I # <44 ( L30
(00 i &0 ( *0&0! .0'0 I #

<44? 5L40



L4

L<

L5

LL

LI

L?

LH

L6

L3

0"0 ) "0 # $% O 10+ ) "

I # <4H I569ILHO

0/ " I # <4< - ?59H40

"0 &G 07 0" GO % 10 0. #0& )
& <44 (' 54H95 HO

o# ) 10! ) 0:0. R - 333 <L59<IHO
c0O .0* &0 G % #.# # 33H ) LL3I9LI4?0
GO % c0G , <44 (+ 5L9 L?0

#0"0 G "00 % I & 363 + 595L0

0O .0"0 0 #0 70 ( # 331 - L59140
'0 FOV # <4 ( <419<LO0

0 00* 00& ‘0 & ( $ + , & <46
- 940

<<



