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0 &0.B<€4/ 1 *& 4147, +1 @ 7B+ D* 8840+ 67'F,+ < 16.08,&814E7 .* +64+145,+ +14
§76B,- +0+'?,.43 &E/&4B- & &+0 & 0+6/F,.Er+' /1 7981414+ ,/ Q7.4+" &
*&' 2,4 0/ 1<*™+' [ 414+ 0 &0.B<&4/ 1 - &@ & HA <8+ +1 6+ 8681467, *&
884/ 1 0/ @0&4/ 1 O+ *& " ?,.4 08<,.4 D*8E/&4/1 BB +/1 <+ ,884/1 O+/@
-[*60+",/4166 14" ,/07.46"' /7, {8E7+- |+ 0+'?, .4 @08+3 + +640/ 118
(& H+*+ +14+] FHO+ <&<4+' & 411+ 0+- &B,.+ <+64DO0.,+ 0+ <&< 4+ 18+, +
17, 1+74&64 * &0+ ,/ 07.4' & * | @08/ 1 0+7*&' ?,.4 @ 471+~ [ *+ 0+ <&< 4" &
- [0+ ?, .4 W <K<T* H4RA4A6 1 * B8E784/ 1 B/ 0+*&- 84/0+0+ /:+H-/0.B8

&S, +l<++4J &H U [W3

=VUS$  f BB/

/v +o4*+' [ #14+08&0.8 H1FH & R 11+
f g+ 064°&<-"'/64/1 +1 7B+ ',/ 9+1&14 7T1.E7+ +14 046 67'F,+6 +1
f '/1.063 & ?,.4+64<1<088.< < - +6/'F,+0/ - .1&14
W"$ +4 71 B<A7, O+ <19+6/1 1 FHO+ & R 11+ 681 *& B,- 7+

U R _U## R

67.9814 VU'$ = =
U## V" R

J# 0816 8E/+*+ g v H4

6 146 - 86616 - [ *&,46 ,+6 +<49+6 O+ *& <&< 4 ¥4 07 6 7B+ ++1l < 16.08,&14
E7 71+- /0 &0+ HA1+74&.68" & 71+- [ *+ 0+ <&<43

*+4D1/ 4+ E7+*6 0.8BB,+146 67,46 1+ ' ,/ 07.6+14' 864 76*&- |- + E7&148 0 &0+
<& 61+< 14+11+14' &4 76*&- |- +E/&4AB0+6 7B+3 &B,- 7%84/107  08<.4+



' & *8E7&AI 1 WB/1 640/ 1<9&& *+E7+' [ 7, 71 ,+>H4- 1.+, 0/ 14*&" ?, .4 +64*+ 6/'H, +
- &, &B,+ <t E7. 64 <860+ & *7 4046, 6 - . 1.+60 .41, 8 .6& .1H/+
78 < &l&D&3

&&" 5+ +14 /1 08BLATL ' | 414+ O+ 1+74&-684/ 1 E7. <&8&B,.6+ *& <& &.B
07 - &B,.#D< 16 - - + *&0+' ,/ 07.467.4- D* | @084/ 1 0+6 67°F,+63 +6',.1<' &/@
- 18,87@480.4 11+*+ +14 1+74A& 6814 6 14 *6 <&,/ 1846 +4 <+, 816 6*<8H6
&/ 4.4 [*9.1+ B,68,.4 GS/1H U[V3 +  '+74]4+ +64- 8 6¢/ 1 0.0B,+146
- 84/0+6 *&l4 "#HX3 &- 84/0+ 0+ /:+F - /0.B8 & 8B 74* 63+ 0816 <+ 480&*

&8, +l<t #4J 8H U[W3 & - +67,+ 07 6+ ' ,84E7+ ' & 448&H 07 ,+>H O+
< 1<H14847, D* &0+ <(*,(?0,.E743 +6 9/*7- +6 0 &0+ / 7 O+ : &6+ 18<+66&,+6 D
*[:414/1 071" @ 14<19+46+1 E7&14B 0+ & '& 411+ 0+- &8,.&73 1
| : 4+14&16

/v +64%+" [ A0+ 1+74&684/ 1 Y1 FH & A&
A& - &.BO+* &0+ (M, (20, E7+74%68 +1- /"R °
& 1481 - &BO+*&E 70+74*683+ +1- /R °
4O ¥7- +0 &0+ (¥ ,(20,.E7+07 448H+ +1 -
o HAHO/*T- +0 &0+ <(* ,(?0,.E7+07 44&H +1 -
- 64%&- 86+ 0+,+H4- 1.+ 840.8 +1 H3
$# 64 71 B<A7, O+ J19+6/1 +1 FH O+ & R 61 *& B,- 7+
:U## R

67.9814 $#= .

‘R.
O+ *&<Q<b 41 v x+64*+ 1/ - 1 ,+0+- [0+ °'& - /™0 &0+ 67'F,.Er+
x3

0816 *8E7+*+ g v HA*&- 866G+ - [ *&,+
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8E7.*: ++14+ +H  +#64D*/, . H1+0+*&<€6.B<R4/ 1 0+6,++Hb- .1.+,66+7 1 *+7,
" A14+ HB18,&47, O &< 0+3 +: .*&1 14+ *+ +H *+ ' +74 6+ &<+, 0+ 0+/@
B/ 16 9.&*&0.BHB, +1<+ +14+ +4 g .4% " [ 14+ 140+ 1+74 & 6841 1

e UlU /79.&* ,&"'/[,4+14+ +4 G .4% ' [ 414+ 1+40+
1+74&.684/ 1 _ R , A<t U[W3 & BH7,+ W/ . *764+ *+6 |/ 1+6
T67+%46 O+ < 86.B<&4/1 0 71 , - 1.+, 61 6 0+/@ & & 5416 BH7,+

w +#4 R BH,+W 3

A) B B)
100 PN-PA = -20 kg CaCOa/t 100 - PN/PA=1
o | PN-PA =20 kg CaCOg/t
Générateur
= = Générateur
g 60 8 60 -
g Zone %
2 d’incertitude E)
< 401 < Zone PN/PA =3
. Non d’incertitude
générateur
20 + 20
Non
générateur
0 . . , . . 0 . . . .
0 20 40 60 80 100 0 20 40 60 80 100
PN (kg CaCO/t) PN (kg CaCO4/t)
H L+ W3/ (8 & *T64814*+6 0+7@Xx,.%H, 6 0+ <8EB.B<&4/ 1 +19.,/ 11+ +14&+ 0+, b - . 1.+6
+1 - &45,+0+HB18,&4/ 10 & 0+
+4 R

# ) *&& '*)' | (#F')&

A0764.+- 15+ RAB<+ & ' /%5 +07 0,&18HF- 1.+ &0+ ,6E7+*6, 66 14
675,86 +4 08B<48,+6 +1 - .18 &/@ 1+74&.681463 & </ - ',8(+16/1 0+6 ,884/ 16
0/ @084/ 1 0+6 671,46 & & +18 * .10764.+ - .1.5+ 6 < 167*81%5 +4*+6 <+14+6 O+
A<(+H<(+ w79,&14 0816 *+ O/ - &1+ D 089+7' " +, 0+6 4<(1.E/+6 O+ HA/ 1 +4 O+
J14;% /7, 46 b - 1.+6 9.6814 D 8- .1+ 71+ 0+6 4/.6 <- '/ 68146
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10.6 +16% X6 & %46 GT'F,+6 *| @HBl+ +4 * +873 & BHI,+ UX 6214 846+

* 416 OF <46 - 84/ 0+6 O+ HHA/ 1 +R7 O+ < 14 % ' [ 7, 46 +>HB - .1.+,6 O+

< 1<+14847,63 +68& ',/ <(+6.1<7+1446 4<( LET+667.98146 G U[U T7:+41
&

| 79+, 4 ,+ DHB40+: &,.5+<& &, + &67' +'164/10 71+ 7+
O+6&*+H/B+ 071+ 7+0+- &B,.& Bl HB18 &+ +146*4+76+ +40 71+
&IA+</ T(+0+6& < B+<+E7 /1 &' ++71:,. <& *&,+3 +0+1.+ " +- +#4*+
- &14+1 071+ 6847,84/1 +1 +& 8498+ 0816 *& < 7+ 0+ - &B,.& B13
| @Hbl+ 0.B¥6814 B *+ +14 0816 * +&/ B & E7+ */ @084/ 1 0+6 ,+>+b 0+
g 1<H1484+7, @ 76 E<+1b 6+, & 17+ 7 456*.- .B+3
- w79, + +l4+1l +& & B:* 0.BF6/1 0+ */ @Hbl+ 0&16 * +&7 ' +- +4 0+
*- 4 % (@084 1 0+6 ,+HB O+ < 1<+14 847, ' & +11/ .+ +146G 76 71+ <H &1+
8 &66+7, 0 +&7 OBHIZIA3 +44+ 0+1.5+ +4 <&<7*8+ 6P/ 1 6 ' && 5446
<~ 8AE7T+6 07 6.4+ - 1.+ +1 E7+64/ 1 +4 6 <& &B,.6AE7+6 046 ,++b O+
< 1<+1484+7,3
- [ 79+ 47,+ ,807<4.<+ | @HBl+ 64 < 16- -8 '/ 7, *- .4 6% 0.BF6/1
S6E7 & @+ O+ </ 1<H14.84+7, € 76 B<t1d3 &< 719+, 4 ,+,807<4 . <+' +74] 4+
B4 D' &4, 0+- &45+6/ HL.Ef+6 <'+&@0+:/.6/7 ,©60+' x4 D' & .+
‘& HA M3
- &,5+ D*.1BM&/1 + - *+7 &.0+ 6 < 79+, 4,+6 D +8B4 0+ : &,.5+
<& *&,+ G 14 T4* 636 '/ 7, *- 4 &' +</*€4/1 0 +& JE6ET & @,+>Hb 0+
< 1<H14 847, *& < T<(+ O+ - &B,.87 B1 8H4</ - - +< 7<(+ 0+, 8414/ 1 0 +873
+4 0+ 1.5+ 0.6 & & +167.4 ' & 89& /,84/ 13 1 - *+7 (7- .0+ /1 74*6+
"*74 40+6- 8B, .&/@- ' +- 8& 6 HB/- + &1+ HB/ < - '/ 646 +43

1+&4+& ",/ (+0+H©4/ 107 < 1664+ D.14+9+1., O.,+<4~ +1467, *+6 67, B<t6
0+6 67'5,+6 '/ 7, +1 0.- .17+ *& ,8849.83 &' &66.984/1 0+6 67,B<+6 0+6 67*H,+6
HB18, &47,6 O+ A& "' #8+ P. 1+ &H QO0+6 ,$+b O+ < 1<+1484+7,3 *+6+4807.4
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'& 71+ 806 ," 4/1 6 8<BE/+ 0+ </ - '/ 686 .- .E7+6 67, *6 6.46 ,88<AB 67" +B<+6

046 675,463 +6 67, B<B14% "' +79+148 ,- + 71+:&,.5+"' (?6.E/+ &@8H+14%6 | @08&14%6
641/ S "H#H X6+ M E7+ 08167%&' *7' & 4046<86 6" +,- +H4140 (1(.: +

*&A9.B80+6- .<// ,HL.6- +6,+6 / 16& 6 0+*&: ./ / @0&4/1 [/70+4 [,4+ U[X
IHH 7 U[$ /70 MAG&//, "##V3 *6 ' +79+14 14+ O+ 1&4,+ .1/ ,HRL.E7+

J--+* 6" (/6 (&6 9&KHHT7 U[$ /766*<@MH6 9&HY 7 U[X A(&H+H4
9&1H¥ 7 U[Y /7 0+ 184 ,+/ HRLE/+ < - - +*6&0+6(7- .E7/+6 &9&l.

U2 /7*6*" .0+6DO+7@( &K+6(?0,/"' (/:+6 *6+41/ S "HH#V 3

& &5+ +14 71+ 0+6 4<( 1.E7+6 O+ 9&Y,.684/ 1 046 , b 0+ < 1<+1484+7, *& ' *76
74*68+ 0&16 *.10764.+ - .1.5+ <1664 D & ,.E/r+ 71 ,+ :*& - .1+ +1 'x&4

&10,.&4 U[W3 1,+ :*&- .1+ +1' x4 +64< 164478 ,.1<' &+ +140+,+>H4
O+ < 1<¥14 847, &E/+ +A&F 78 71 <- +18 * 6+4' ,.1<' &+ +14 0+ G 7H61+ +14
G 74,81 H'+H- M*E&&E6 DO+ V7946 |/ 146 0 71 HE~ 1B * ' +74 4+ &/66.
+14+ /68 +1 67, B+ +4' +,- +4+*& 64K *684/ 1 0 71 , 40+ < 1<+14&4+7, +1 *- &l4
6§ 1/ @084/ 13

Minerai sulfuré
Extraction

Barriere imperméable

.| Parcs a / Couverture aqueuse

résidus

Couverture réductrice
—
Fabrication de

remblai en pate

Procédés de traitement minéral :
broyage, flottation

Rejets de concentrateur
générateur de DMA

H7+UX A< /@ [ 0460+ HBA/ 1 046, HHB6 0+ < 1<+1484+7, - 1.4,
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@  BEUS((S (1

&0+1.5+08<H11.+ &< 117 * 8 + HHL<+ 0+ 1/ 79+*+6 4<( 1.E7+6 0+ Ht64/ 1 0+6 , b
O+ < 1<¥148&4+7, U & - +14 ' & 1BH&A/I 1 & <,<7.4 0+ 4&4~ +14 - 18 &3 &
AL &+ 4<(1.E/+ < 1664 DHA&, +*&E/&LAB] " 4A- &+0+- 18, &/@+6 / 168 60+
*&HB18,84/ 1 07 0, & 18H+ &< 0+ 40+ *&' | *74/ 1 - 84> E7+ 0+6 HB7+1b *+6 67/*H,+6
8O&1IA*&E 4+ 07 < 1<¥14 847, - 1.+ +40/ 1< 898146 1 08 ; 4+1 67, B<+ 0816 *+6 &, 46
0 &<7- 7*84/ 13 * 6 8H4 0+ ,+4,+, 6/B6& - +140+ 6/*%,+6 '/ 7, E/+ *+ ,86.07 B1&
"/ 6B0+ 71 8E7.%: ,+ 9+,676 4* E7 * 1+ 6 .4' & HB18 &4+7, 0 & 0+3 +4+
4<(1E/+ A& ' 8+ PO86/*H,&4/ 1 +19.,/ 11+ 1K+ Q+4BK4* /. >40+ 1/ - : ,+76t6
A<(+<(+6 0+ 7.6 ' *76 0 71+ 08<+ll+ < &H*1 +4 &' &?F U[X &0+.& &
Ui 7-:+ U[$ +'. 141 +#4 &68&. U[$ 4 &7F J[s +'.1+

U[W +11881/7& U[Y 7665+ ULY +11881/7& "G
766.5,+ "#t' | .6H&3"##HS 3 &0867F,84/ 1 6+' \8AET+ (& A+ +14' &
B/ 484/ 1 1/ 1 684+<49+ 046 - .18 &/ @67*F,863 +4+ 4<( 1.E7+ 0+ 68 & &4/ 1 74*6+ *+
'A< +0+*&0.BB, +1< 84/ 1 H14+*6- .18, &@( 70,/ ' (.*+6 E7. ,+64140816*&" 7* + +4
*#6- .18, & @ ?0,/' (/: +6 E7. 6+ < 1<¥14+140816*&- [ 766+ & € - - +H40+*&<+*7*+ 0+
B/ 484/ 13 &BH7,+ U% . #*764+*+"' . 1<' + D*&: &6+ 0+ *& 0867*F,84/ 1 E7. & | 744D*&
",107<4/1 071 ,>H4B1& O+ B/ 484/1 1/ 1 HB18,&4+7, 0 &0+ +#4 0 71 < 1<+148 0+
67'F,+6 (&4~ +14 HB18,84+7, 0 & 0+3 -+ &<(1.E7+ O+ 68 & &4/ 1 - .18,&+ +64*+

67>H0 8470+ O+ <+ 4 56+3

& 0867*F,84/ 1 - 51+ D*& <884/ 1 0 71+ B&A4/ 1 ,86.07+*+ 1/ 1 HB18, &84 .<+ ' | 79814
14+ 9&7,.68+ 7665+ U[Y 7:+41 H4&3"##"':" 7665+ "HH
0 71+B&A4/ 1 < 1<+148+ +1 6/'F,+63 +40+,1.5+'/7,,&] 4+ HB 8+ *16 B<*+ +1407
B40+61-/.10,+9/*-+"'& +@ "+ +l * .14,/ , &4 < - - + + & " xb
6 74,81 6 .4"' & &4 <F8H+ +1 67, <+ <&.63+ 0816 061/ 146 & 8l&8HB+6+1 B 1<4/ 1
O+ 6 1 (&4" | 414+ 0+ HB18,&4/ 1 &0+ +11&81/ 7& U[[® +&8’/7&
#1701+ BIAET+ - 845+ .+ 5+ D*&',/07<4/ 1 0 &0+ 6/*F,.E7+



14

TH7* "##V 3 +,+©H40867F,8" +74] 4+ 9&T ,.68 0816 0+6 </ 79+, 47,46 O+ &' +

766.5,+ U[Y 765+ "HHEX  +- %0 % 10.1 "H#H$ 3 &

BH7,+ U2 6?14 846+ *& ' *&+ <+14 &+ 0+ *& 0867*F,84/ 1 0&16 *+ <&€0,+ 0 71+ G4 &BH+

HY : &+ 0+ H64/ 1 . 18H 8+ 0+6 ,++6 0+ </ 1<+14&4+7, 67'F,86 +1 864 <&4/ 1 80+ *&
<(8K+480.4/ 11+*+ 0+ 4 &4~ +14046- .1+ &63

PA >> PN

______________

Concentré de sulfure

PA Volume générateur final V¢

PA + PNsecurie = PN

A\ 4

PN

—+— PNsecurite

Résidu initial
Générateur de DMA

Volume générateur initial V,
Résidu désulfuré
Non générateur de DMA

H7+ BB 8 &*7648&14*" ,.1<' +D*&: &6+ 0+*&0867*F,84/ 1 +19.,/ 11+ +1&+0 71 ,+H40+
< 1<+14847, 0 & ,5%6 /.6 "H#H#S

& 0867*F,84/ 1 +19.,/ 11+ +148+ +64 </ 1608,8+ </ - - + 71+ - 84/ 0+ O+ Hea/ 1
1/ 984 .<+ +HB<&+ +48< 1/ - .E7+ & ' *<& *+ D<+&16,86076- .1.+,6 7655+
U[Y +l&8/7& "I T66.5,+ "# .6 "HHS 3+ +10814%46
- 8<BLG +6- .6+L>7 1 +1 ,+6414' 8- /.16 < - ' *HBE3 1 +HB4 *& B 484/ 1 - +4+1
W79,+ *6 .14+ &Al 16 O+ 67,B<+ +14+ E784+ </ - ' /6146 - 18,& ,88AB O+



B/ 484/ 1 +& +4: 7*460 &, .14+8&4/16E/. § 14+14 ,+' /7, <+ R1+6- & < - ' ,.6163
& &**+7,6 *+4 &4~ +14- 18 &7,HE/+< - ' *H@ 0+*&' 7* +0+6418+ D] 4+ 0867*H, 8+
< 14.. 7+D*&0.9+,6B0+6< - '/ 686 .- .E/+6+1 G *74/ 1 +4D*&67, B+ 0+6 67*H, 463

Minerai sulfuré Légende :
Extraction

—>  Gestion par stockage

----» (Gestion par revalorisation
Procédés de traitement minéral :
broyage, flottation
Rejets de concentrateur Fraction Parcs a
générateur de DMA désulfurée || résidus non
] non générateurs
génératrice
CEBC
Désulfuration par de DMA D
flottation Parcs a Barriére imperméable
Fraction /“ ,re,S|dus \
concentrée gencrateurs
en sulfures . :
Fabrication de Couverture réductrice

remblai en pate

Inertage

Hr L+ W2 04/ 1 .18H 8+ 0+6, B 0+ < 1<+1484+7, - 1.+ ' & 0867*F,84/ 1 +19.,/ 11+ +14&+

. CIHYL S(#B() 2) HHIER )& (& #

16/ <4 0+ <+' ,/ >40+ 0/ <4 ,849.6+14* 840+ 0+6 - 8<&€1.6- +6 0+ *&0867*H, &4/ 1
+19.,/ 11+ +1&+ +4 1/ & - 14 0+ *& B/ 484/1 0 71+ '?,.4 '7,+ 08 ,.- 883 +
<-",+10 *& 0+6<.." 4/ 1 O+ * 884 0+6 67,B<+6 ' +10&14*& 08 ,+66./ 1 O+ *& ' ?,.4+ *&
<-",8(+16/107"' (8l - 51+0+,88<4984/ 1 H4*&0+6<,.' 4/ 1 0+646 5<+667' + B +*46
- '*Er8+6 0816 * 806G ,' 4/1 07 @14 &+ ,884B < 14.:7814 D *(?0,/' (/: .+ 046
6/'F,+63 +6/:><AB 0+ <+' |/ >4< - ' +11+14&766. 71+ 9&.084/ 1 0+6 - 8<€l.6- +6
B10& H1&/@' & * &' *<&4/1 0+ *& 0867*H,84/1 +19.,/ 11+ +14&+ D 71 ,+>+4 0+
< 1<+¥14 847, HB18,&4+7, 0+0,& 18H+- 1.+ & 0+3

+7@8 ",/ <(+6/ 1488 - 66+ " 18+ [ 7, &, 88 684/ 1 0+6 48087 @0+ ,+<(+ (43 1+
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840+B 10& +1&+67, - 18 &' 7, & +- .60 &/,0+ +1 08&**+6 86 +BO+*& < .- .+
67" +B<+*+0+*&" ?,.4 "' +10&814*+6 84 +6 0+ 08 ,+66./ 1 ,88<4984/ 1 +AB/ 484/ 13 +6
- 8<€1.6- 667" +B<+60+6 .14+ &A/ 16 @14 &4+ ' ?,.4+/ 1488 - .6+1 89.0+1<+% ,6 0+
<t6 4/.6 8& +6 084+- 18146 '/7, *& 0867*H,84/13 167.4 71+ &',/ <+ '*76
&' *E/8+ 67, 71 > 0+ < 1<¥l4847, 8+ & '+- .6 O+ O&.0+, ™6 - 8<&l.6 +6
B10& +H1&/@ 1+ 0+6<.'4/1 H&7¥Y - .18 & HE/+ O+ , > 0+ < 1<t14&4+7, +4*+
089+7"'" + +140+ - 84/ 0+6 O+ <& &4B,.684/ 1 - .18, &/ HE/+ /1488 0+6' ,8&& *+6 D
*8& +& ' *E78+3

&' ,86+14&4/ 1 0+6 ,867*85b +4*+6 0.6<766./ 16 0+6 489& @07 0O/ 4 ,84 6 14 ,8%.63+6
§76*%&B,- + 071+ <-"'*84/1 046 ' ,. 1<’ @& A<+ DG 7- +4+ "' |/ ( &1+ +18B

AE&A<+466 14" ,86+1B6 0816 <+- &176<,.8 &BH/,+ BN ,86+14+ 71 6 8 &£ .Er+
0 .18H&4/ 1 0+ *8.0867*F,84/ 1 D*& 6 ,4+ 0 71 < 1<+148&4+7,3 +6 <1E 67>%b & / ,086
0816 *6 &4<+6 +4B,- &14*6 (& 4+6" D2 O+ <+ - &176<.4 6 140.6 / 636 67, *+
68 &0+*&BH7,+\B/3

+ ' 86HL4 - &I76<,.4 O+ 456+ +64 GAT<A,8 +1 6+ 4 <(& 4+63 +6 (& 446" D2
< 16447+14 *& ' ,86+184/ 1 0+6 ,867*8b 0+ <t +(+<(+ O/4,&+ @76 B,- +
0 &4<46 0+ ,497+ 6 471 &A<+' & (& 4+3 +M+- 6++1B,- +&8B </ .6+'/7,
B<*4 *&' 7: *<R4/ 1 046 ,+<(+,<(+63 * 6+ ' +74 <+ +10&14 E7+ <+,4&.146 ,+0/ 1081<+6
6 .+14 ' ,86t146 1/ & - +14 0816 *.14/07<4/1 +4 0816 *& 6+<4/1 P- &B,.+ +4
- 84/ 0+ QO+ < &ET+ (& 443 + <& .4+ \WBL& 6+ *+ - &176x,.40+ 4 56+ +46?714 846+
6',. 1< &6 J 1<76/16 0+ <+ 0/ <4 ,&88 *' /' | 6+ &66. 046" +,6 +<49+6 B4 ,+6 O+
(<3

1<+E7. < 1<h1+* < ' 6- |- +0+*&4 56+ <+ADO0.,+*6 (& .4+6" D2 '/ ,4&1467,
6,867 85 *+' + 4 &A<H (& 4+" ', 86+14*+ 089+ ' + +140 71+- 84/ 0+0+
<& 8&MB,.684/1 - .18,&1 HE/+3 8& + 0+ <& &B,.684/ 1 - .18, &/ HE/+ +64 71+ 8& +
- B4 808144 TA& T ¥ <841 10 71 4&4+ +14- 18, &3 *+ < 16447+*& < 11& 6381 <+
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- ]- +07 - &B,.+ 0+ 480&* H*& 0+6<,.' 4/ 1 0+6 <& &B, AE/+6 07 - &8B,.+* Er. 9/ 14
17, & T &4 ABTHI<+, *& 4<(1.E/+ O+ 68 &&4/1 - .18 &+3 1+ - 84/0+ O+
<& &B,.684/ 1 - .18 & HE/+ : 863+ 67, *+6 < 11&6&I<t6 &A+*6 +1 - &45+ O+
- </6 .+ 844/ LE/+ O+ 6 +4/ 65" .+ 046 ,&/16 Z +40 &&?6+ 0 .- 8H+ & 8B
089+ "' 8+ +4 &0& B+ D *& <& &B,.684/ 1 - .18, & HE/+ O+ ,+Hb O+ < 1<+1484+7,
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Droite 1:1

© Minéralogie de référence
|| aDRX

o Calcul minéralogique

e SEMIAD PrA-MS-PS

x SEMIAD PrA-PSS-MS-PS

Masse volumique calculée (g/cnT)

2,65 2,70 2,75 2,80 2,85 2,90 2,95 3,00

Masse volumique mesurée (g/cm?)

H7+"3 /,,8€41 1 +14+ *46 - 86616 9/ *7- .E7+6 <&Q<7*8+6 H4*6 - &66t6 9/ *7- .E7+6 - +67,816
0+6- 8&1HHG0+,88B,+1<+ D' &4, 0+60.8B, +146 +64- &4/ 16- .18 &7 HE/+6
- .18,&7 H+ O+ , 8B, +1<+ Z <&<r*- .18 &1 HE7+ D' &4, 0+6 &1&76t6
&1&76t6 , +4
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AB,.+7,+ D[ ~- <,,46/10 D +19.,/1 Ubf 9/*7- .Er+ O+ *8(&l4™ 1 6#1 *&
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01 1 10 100 1000 0,1 1 10 100 1000
Taille des particules (um) Taille des particules (um)

20 4 100 4
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1 10 100 1000 0,1 1 10 100 1000
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254 100 -
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5 10 4 2 40
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01 1 10 100 1000 0,1 1 10 100 1000
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+R+ <,+6/10& ,&'/,484 - E/+0+B, 0+0+H80/ @084/ 1 67, *+ B,
0+0+H80/ @0&4/1 3

A) B)
1086 1055 1,30

1245 1170 1120 ' Y1032 989 1,25 4
1270 11951150 H 1 ]1023] 978
* :*:.‘: :*: ¢ 1,20

1,15 A

1,10 -

A1oss/ A10ss

1,05 4
*
1,00 | . ¢

>
0,95 . . . . . . ; ; ; :
0 10 20 30 40 50 60 70 80 90 100
FeS0,.7H,0 (%wt)

0,1 )
1,30 4
1,25 A
1,20 A
1,15 A
1,10 A
1,05
1,00 |

Absorbance (A.U.)

A10se/A10s5

0,95

1400 1300 1200 1100 1000 900 0 1 2 3 4 5 6 7 8 9 10
Nombre d'onde (cm™) Fe'/Fe"!

HL+VE "H<A46/ A1T6' & 6 +<A4/ 6" .+ 1B&/ THE < 7, 46 0+ <& &4/ 1 O0+*&' /" ] ,4] 1
B, +7@8,, .E7+ 0&16*6 67*BA46 67" +B<+6

"+A446/ 4176 & 6 +<4/ 64" +.1B&/ THH+L - [ 0+,8B+@ 1 0.B6+ 0+ 0.8B,+146- 8&1HG
o+ + AN H + . yy&,566 76484/ 1 0+*&* HL+0+: &6+ ,+6 +<A49+ +1407 : 869+,6
(&4 U '1.06 + 3V. [#f /.06 + 3V. VBf '/.06 + 3ANV. $Hf '/.06
+ ANV X#f /.06 + 3ANV- "$f /.06 + ANV HUHT /.06 +  xy

&'1,4046 & @ ,: 81<+t6 0+6 : &10+6 0+ 9.: ,84/1 DWHY2 XA WSS < Y +1 B1<4/1 O+ *&
A1+ + 3V &FHL+H 0+ 860+ * & 6, &l<t & 8B ,.6+t & ' .40 07 - &BBO+
9.:,84/ 1 0+667*BA6 UXYH Y[#< Y

&'/ ,40+68& 6 ,: &1<t60+6: &10+60+9.: ,84/ 1 DUHY2 +4U$$ < V6P 1* &'/, 4 + R+
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*&0/1<88' /66.:*0 &' ,8<+ E78IABAI+ +14 Hx<t+ D<Mt </ 7, + 0+ <&.: 84/ 1 *+
&'/, 4 + R+ O+667"BRA4667' +B<+6 D' &4, 046 & 6 ,: &1<+6 0+6 : &10+6 DUAM +4
WS < Y 07 - 88B.BO+6 67*BRA6 0+6 ' 2,.46 </ 10.4/ 118+6 D*& 6 70+3 & BH7,+ V@
- [14+*89/*74/1 07 ,&'/,4 + R+ +40+*&',/'/,4/ 1 O+ 67*B4+ Br,,+7@ 0816 *+6
6746 67' +,B<+6 +1 B1<4/1 07 ' '/7, 6 O+7T@H&L7Y - 84.463 +6 <&<7%6 07
&' [, 4+4046" /' | 4] 16 6+ : 86+1467, *+6 6 +<A+6 +1 .1B&/ TH+"' ,86+1486 D*& BH7, +
\B3 &BH7,+ VR - [ 14+ 456 1+4~ H14E7+* &' /,4 + R+ 410 DO.- .17+ &+
*&7H +184/1 07 ' < 1B,- &14 &16. *+6 41081<+6 | : 6+,98+6 67, *+6 6 +<4+6 +1
AB&/ TH3 &' /' 1,4l 1 O+ 674+ B, E7++04' *76 .- ' | ,BA4F+1 - *+7 &<&. 1 E7 +1
- *H7 &0+ 147443 & &S +14 +1 - *+7 &0+ 1474+ ' $2 46 6746 B, 7@
+ ,86+14-14+19.,/ 1 $#f ' /.06 0+6 67*BA6 67" + B<+60816* & HEL7Y - 84 .+ <:*+ V'
2VA- AV T '/.060816 & HE&LTY - 84.+ HY : &+ # Ub# ~- 3 &16 *6 0+7@<86 0+
HE&LTY - 84.+ *6 6746 B, +7T@L+ ,+ ,86+1414 " *76 E7+ W f ' /.06 0+6 6746
67 +B<+#6D' W BH/,+VR2 3 +0.8H& - +0+' (86+60+*&BH7,+V3/- [ 14+ E7+*+
B, B, 7@ +34 1+4~ +14 168 * D 0+ 4¢6 ' 3 +@64l<+ O+ 6746 B, +7@
- YEMH &4 71+ B47<4,+ B484B8+ &94+< 046 6746 B, .E716 +1 < 1484 89+ *&
6 *74/1 < 1B,- &14*/ ,H1.684/ 1 0+6 ' *+6 0 +6 5<+6 / @08+6 67' +B<+*+6 08<, .4
+1 .14/ 07<A/ 13 +6 67*RBAH6 Br,,+7@F 14E786.- +14& 6+146 O+ *& 67, BB+ 0+ *&' 2,.4+ D
' UB

A) B)

1,2 60 04 40

10 AEREE T 50 3 5
_ S 2 03 0 2
=, 08 'S 40 5% = & 5%
i k=t o \ - =
=06 Y 0 2o L2 .. 20 25
(5] \ & 2> ) Sl &2
L 04 \ 20 358 LLOl N 10;§

\
02 o~ 02 ' R 7
~_ X =
0,0 —%—10 0,01 * 0
4 5 6 7 8 9 10 11 12 4 5 6 7 8 9 10 11 12
pH pH

HL+V2 &.84/1 07 ,&'/,4 + R+ 0+6 6/"R46 6/' +B<+6 0 71+ ' ?,.4 < 10.4/ 118+ D

0.BB+146' &+07 & +167*74/1
B&A/ 1 H&LTY - 84.ET+V' 2VA- B&A/ 1 H&LTY - 84 Er+# UbH -
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&9&.84/107 ,&'/,4 + + +H1B1l4/107' +644566- .*&,+D*&9&.84/1 07
"] 4144 AHE [ 6+98' & O+ 1/ - 1 ,+T@&TAT,6 T+ 64187 g2y +H7S
Jry &<7, "HHU 3 + +10814*& <( 74 O+ ' [ 414+ O+ 67, B<+ +64- /.16
DT ET+ <+ 6598+ /7, +,&",4 + R+ O0+*&BH7,+ V23 +'*76 * .14+ 98+
O+"' "/7, *&<|(74 0+' | 414+ At &9/ .61+ 2V & ,6 E/+*&48&164/1 6+ :*+
14++14+" [ W' /7, +,&'/,4 + R+ 3

&16*+ <€ 0 71+ ?2,.4- +1 - *+7 &E/+/@* 8E7.*.: ,+ E7. 6 84 *4+14+ *& 67, B<t 0+6
H&16 +4*& 6 *74/ 1 08 +10 H&10+ +140+6< 10.4/ 16 < .- .E7+607 *E7.0+ 1/ & - +14
07' +407 (3 &16*+ <8 0+6,86r*84L "' ,86+1486 .< *+'/ 414+ 0/ @0/ ,807<4/1 &
,(P8A9+ +14' +7 9§,.83 +69&+7,60+ ( 6+6 148KB+H6+14+#UH# S &/ ,6 ET+*&
"7 &4 046 840+6 844/ (.- .E7+6 <:*14 71+ |/ 1+ ' *76 *&H+ 0+ U$ D U#

(&10+ Y[U3 .16 67.4 &@- +67,+%6 .- .E7+6 07 *E7.0+ 0+7/@0/ - &1+6 O+
o6& *B' ,88,+14+6/1488/:6+9806 710/ - &1+&0+ 1+74+ " | 2 #4710/ - &1+
&&1 ' yW BH/,+6V3 +4V3/3 +4' &44/ 1 6+64,+4/ 798+ 67, *+6/ : 6+,984/ 16
67' +,B<+*6 046 +686 0+ < 10.4/ 11+ H14D*& & 70+ /v * 1B7+l<+ 07 ' & 88
',8/108,&143 +' &+7 71 HBALU L& *+ 67, 6" ,/'],4/ 16 ,+849+6 O+ 67 RAG
B, ,+7@B,,.E7+6/: 6+98+6 +1 6 +<4/ 67 ' .+ .1B&/ 7TH3 * 6+  *&4E/+*+"' 0O+*&
G *74/ 1 1B7+l<+ *& 6 8<&4/1 + + 0816 *+ - &H.BO+6 67*RA6 67' +B<+63 +6
, 86786 0+ *& .- .+ 0+ 67,B<+ < 1B,- +140/ 1<*&6 8<&4/ 1 07 B, / : 6+,98+ 0&16 *+
0.8H& - + (' O+*&BH7,+V33

&48&164/1 + + 6+ *+]|4+Y <&6B+&47,0+" 2'/7, 60/ 118+6 07 *E7.0+
#*+ 0.8H& - + (' H&4T7, 0+ 2Y'/7, + M4+ AR & ,6 E7+ *&
48164/ 1 67' +B<+*+ +1 BO+7, 046 +6 56 B,,.E/+6 & ' & DO+ "' ' *76 &<&.16
&47, O+ 67, *&BH7,+ V23 &O0.BB, +1<+ +64E7 +1 67, <+ 0+ *&" ?,.4 <+ @ 1446
16 5<H6 67" BBHO E7. +14+14+1 >73 &</ - ' *Ha@) 1 07 B, O+<*+6 67" BA667' +,B<+6 &
6+ :*8 B0/ ,.6+ *& 64K *684/1 0+ *&B ,- + B, +76+ .+l & OPDO+ *&*- .4 <&<T7'8+
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4+-/0?1& E7+ +14'& *+ 0.8H& - + O+ ',80/- .1&1<+ O+ /7,:&@ &6 *+
0/ - &1+ &0+ 1+74+ ' $2 *&,8 &44/1 67" +B<+*+ 6/'R446 + \ 6/'BMHE +
6+ :*&4 ' *74 4 8E7.*: ,8+3 *+ & 89/ *78 +167.4 *&Hr +14 +1 EO+7, 0+6 67'RAG
B, E7+6 +1 - *+7 &<&1 '/7, 0+6' 67'8,.+7,6 D[3 & .- .+ 67" +B<+*+ 0+ *&
' 4 1+ ' 4740/ 1< 6+ 0807.,+ E7+ ' & 4+*+~ +140+46 0/ 118+6 07 * E7.0+ 4 0+6 <&<7*6
4+,-[0?21& .E7+6 480.4/ 11+63 /- - +* - [14+*& < - ' &&6G 1 0+6 BH7,+6 \3/ +4
V2 * AB7H<t 0+ & <(.- .+ 0+ 67,B<++64% .1 0 |4+ 18H H& *+3 &16 <+ <86 G .4*+6
- 1056 4 +,- /0?1& .E7+6 08<,.98&14 *+6 67,B<+6 0/ .9+14 14+ 0.HB, +146 O+ <+7/@07
*E7.0+ @ .4* +19.,/ 11+ 14" || (+0+*&67,B<t+ 1 +64" &6*+- |- +E7+<P7. - +67,8+1
G *74/ 13 +60+7@,+ ,86+1484/ 16 6+ ,+4/ 79+14' & B .6 < - : .18+6 0&16 0+6 - / 0546 0+
J-"@10+6/,B<+",/" /66" & <+ B16 &47,6' /7, 08<,.,++4',80.,+ & .- .+
67" +B<+* 6+ 1 *6<10.4/16"' (?6< < .- .E7+607 *E7.0+ /,651H+ 71 U[W

4- - U[W &H&AH&YU[W && +4 9+>16? U[Y3 +6- /05468 14& ' +
D*&B.6 D*&48,+0/,H1.684/1 +1 4.4 7+ 0+ *& 67,B<+ - .18 &+ +4 D 0+6
< 168146 0+,88<4/ 1 08 +10814607 ' / 414+ A+ 0+*& 67, B<+3

&0/ - . 181<+ 046 6T*RA6 B, .[E7+6 +1 - *+7 : SBET+ +4+1 &</ ,0 80+<*+ 0.8H& - +
0+68: *B (' 04646 54607 B, - &6'/7,,&4]4+ +1' &4+ &I66 HA*E8+' & *&
648 .*B 0+6 67*BA46 B, .[E7+6 ( 20,/ @86 E7. &08D8B 67HB,8+' & 0 &74+6&74+7,6' &
81876+6 Z 1 Y G&4+ yrv /00 "3+ +10814 *+
'A< 8,84 .+ TA*68 0816 *+ <80, + O+ <+ 8470+ 1 &' 86 B9/ ,.68*&B ,- &4/ 1 O+
674+ B, .E7+ (?20,/ @8 &+< *& 6 70+ : 81046 U'X$ #4 W'# < Y #1 3

881- /.16 G/ 1H ¥ "##$ /1408 /148 ' & 6 +<A4/- 84.+ .1B&/ TH+ E7+ <+l
' (86" +TA89HI A+~ +146+B - + +1 67, Bt 0+*&' ?,.43
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"I ST ( ) 2##) &0 ) " S? ST DH)& R )
=&"#&

7.4- D* 840+ 0+ * 3407 ' ' *76.+7,6 &4+6 ,8H/*&47,6 0+ ' /1488 4683 &
BH7,+ VAN, 866+ : *+ *6 6 +A4+6 +1 .1B&/ 7TH+ 0+6 67,B<t6 O+ ' ?,.46 < 10.4/ 118+6
46 +<49+ +H1480+< 07 & «~ +L @*74/1 BH,+\VAV #4 07 & « @ *0+
BH7,+ VAN +4 #4407 & G*0+ BH/,+ VAV +#4 3 + - &6BB (' ,86t14+
*8' &A1 17 *8B,- &84/1 0+ 1/ 797 @' .<6 (&74+ BSET+HI<+ U'X$ < Y +4: 866+
BSE7+Hl<+ W't < Y :&10+6<+F 46 +<A%+ +143 +6' .<60/ 11+14&7 - &BB71+
&*7,+' *16 86?- 84.E/+80+<0+6' .<6' *76- & Er86 E7+0&16*+ <8607 </ 10.4/ 11+ +14D
*& 6 7043 +44+ 0.HB,+1484/ 1 67" +B<+°+ O+ *& ' ?,.4+ </ 10.4/ 118+ &+ (&@/ 7
6 70+&88B/: 6+98+ &/, ' & &6t6 U[V3 &: &0+ (&74+ BSE7+I<+ U'Xp<
&8B 864 <8+ D* 8 | Er+ &< 07 674+ B, .E7+ +4*&: &10+: 866+ BSE/+l<t+ WH'# <
U D*465<+ +3 , *811+@ X 0+ *& 456+ 67, 6?14 56+ 046 9.:,84/ 16
AB&/ THG 67HB,+ * 889 <&4/ 1 0+6 : &10+6 U'X$ +4 W' # < Y D 0+6 67*RR46 0+ B,
(?0,/ @860+L" + + ; ) x @+ <--+89E/B' & G{EL+HKI Y[V ¥,6
0 &1&?6+6+1Z +4'*76,8<~ - +14' & G/ 1H ¥ "HH$ ' & &L&?66 3

16: &10+6 0 +4. 0+ *&BH7,+ VAMOG- / 14 HIAE7+*&- .6+ +1 ' &+ "' [ H+66.9+ O+ <+
' (86+ +64866 <8+ D*&0.- .174/ 1 +4D*&0.6 &.4/ 1 06 : &10+6 DUJ $ +4 UM <
<& &B, .6AE7+6 046 6/*BAHO6 B, ,+7@ < 1B,- &14&16. * HB407"' 67, *6 67, B<+6 0+ *&
'2,.43 +6: 8106 U XS MU' #< Y1/14' 8688/ : 6+,98+6% ,607 < 10.4/ 11+ +14D
€6 70+3 |, Y6 & ' &&EBGHIA4 7H#7,6% ,60+ < 10.4/ 11+ +1489+< 046 ,8H7*&4+7,6 D
(86t O+ <&<T7- - - +*- [14+%46 867486 O+ *&BH/, + V3B + <&<7- 6+ 1+ F T+
71 ;% .- ', 4814 0816 * (?0,/ @84/ 1 046 67*B46 O+ B, .* '/ 7,,&48H, <- - +
<LE?6+7, O+ *& B ,- &4/ 117 < - - + 648 *684+7, 0+6 6746 0+ B, (?0,/ @863 &
&*+7,6 *&"' ,86+1<+ 0 71 674+ O+ <&<7- & 88 084<B+ +1 Z '& 0+1/-:,+H7T@
&I&7,6 &6t6 UV &476+4 H* U[X +6.4#4 7., U[Y3 + +10&14
&I<71 0+6 6746 0+ <&<7- 480.4/11+6 &(?0,+ (8 .(?0,88B /7 H? 6+ &1+

X 07 +1 B10+4 56+ 1/14' ,86+1B0+: &10+6DU' XS/ 7 W' #< B
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A) ghi B) ghi
a b cdefl[jk I m a b cdefl[jk I m
Absorbance S W .+ Absorbance S Wm C
L e

01

2000 1800 1600 1400 1200 1000 800 2000 1800 1600 1400 1200 1000 800

Nombre donde (cm’) Nombre dlonde (cm”)
C) ghi D) ghi
sosoamce~ © Cdeﬂmk IR T— a b Cdejk lm
WOy e )
01 I 01
2
4
5
6

2000 1800 1600 1400 1200 1000 800 2000 1800 1600 1400 1200 1000 800
Nombre c'onde (cm”) Nombre d'onde (cm”)
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E) ghi F) g\hi

i a b cdef|ljk | m
potare * 0 SO Hﬁ .
(AU) . . Lo o (AU) .

01 01

2000 1800 1600 1400 1200 1000 800 2000 1800 1600 1400 1200 1000 800

Nombre d'onde (cm™) Nombre d'onde (cm”)
H7,+\VAN "+A4+6+1 . 1B&/ TH+' & 6 +<4/ 6 ' .+ +1 - / 0+,8B+HA) 1 0.H¥6+ 0+6 0+7@B &4/ 16 0+

' 2,4k </ 10.4/ 118+6 &0+< 0.HB,+14 &' +6 O+ ,8H/"847,6 0+ +1 E78148 </ 66814
14r,98%+ 0461/ - : 460 / 10+ " ### Yt < Y
8106' ,.1<' &6 & W< Y W< Y< U< Y0 WS$< Y+ up#t< ¥B
W#< “H Ws< Y( ttw< Y. uit< Y> ist< YF Wr#< Ur [$#< Y-

nwe< Y

"+4+6+1 .1B&/ TH-0+*&B&A/ 1 0+' ?, .4 V' 2V - 8O & «+1 6 *74/ 1

U J28DB<" ' _XWV' _$VX' _2U$"' W 2' _Ww-"
'+<A4+6+1 .1B&/ TH-O0+*&B&A/ 1 0+' 2, .4-# UBH - &< & «+1 @ *74/ 1

U /28+DB<" ' _$$V' _2VX' _WHY$' _WX2' _UV
" +A4+6+1 .1B&/ TH-O0+*&B&A/ 1 0+' ?,.4- V' 2VN- & & « @ *0+

U /28+DB<" ' XXV _$#X' _2"$' W2 W
'+<A4+6+1 . 1B&/ THHO+*&B&A/ 1 0+' 2, .4+ # UB# M- < & « @ *0+

U /?28+DBI<" ' _$VV' _28X' _2['$' _WX2' _UX
' +<A4+6+1 .1B&/ TH-0+*&B&A/ 1 0+' ?,.4- V' 2V /- 8O+ & 6 *0+

U /28+DB<" ' _$22V' _W#HX' _W"s$' W22 W

' 4<4+46+1 . 1B&/ THFO+*&B&A/ 1 0+' 2,4 # U - 89+< & G *0+
U /28+D&<" ' _$YV' _[2X' _[['$' _W#2' _W"
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+ 816 &I47,6/ 148 .6* (7' | 4 56+ E7+ *+6 67846 0+ B, (20,/ @*86' | 7,,&+14]4+
O+& +%/64 G+ 2 x+ 11 UY¥F G&4+ U[V3 &X%&/64 +64
C AL <117+ /7, 14+ T1+ ' (86+ 1847, V%~ +14' [ 476+ O+ O.HB, +146 <84/ 1646 G°
& ° W 7° oo ¢ Vot R ok &P 746 &(+ W
@/, U[X @&/, U[[ 74.18&HR :/, "#H#H & :/, "HHE T4.18<+4
(+1 "#V &'7 "HHS 3 1 <&<T- '17,,&4.14+9+1., 0., +<b~ +140816 *+
- 8<81.6 +,884/ 11+ 0+ *&B ,- &4/ 1 0+ 67*B4+6 0+ B, ( 20,/ @86 +1 84&14.1< ,' /.8
0816*&BAT<H,+3 +64%+ <8B0&16*&<8</</'.& &4 &+ x - x3V . -&6
66 <& &B, .BAET+6 6 +<4/ 6</' .E7+6 +1 .1B&/ TH+ 6 14- & </ 117463 1 ,4981<(+ *&
M- R/64 1 hb o xo]- E7.',86¥14r71+.1< '/ ,84/ 1 0+' ¥ - : 08166&
GA7<4,+ ' | 66B0+ 0+6 : &10+6 0+ 9.: ,84/ 16 6HL.B<849+6 DU'X' UJV UHY# +4 LY
Ut < Y 081 0+ &+ +4 +7406 &(+ U2 3

+6: 8106 DU XS MU' # < Y6E 14& ' & 746, 7849+ +144 40816 * &7H +1484/ 1 07
' 05%6' 23 *™66+6414:.+1 08 &E78+6 0816 *+ <&€6 046 6 +<4+6 O+ ' ?,.4+ O+
HE&L7Y - 84.+ <:*8+ < 10.4/ 118+ &+ & « +1 @*74/1 /7 @*0+ BH7,+ VAN
6+4+6 X+ X' 2UH2" 46 +<A49+ +143 *46 6+ G 14 ,+4/ 798+6 &/66.
" &A<T*5,+ +14' [ 1/ 1<G+6 0816 *+6 <& O+ ' 456 &&.16<- - +'/7, 6" ?, .46
< 10.4/ 118+6 O+<*+ & @ *0+H+ & G@*0+ BH/,+\VAVG +<4+6 2 2
2+ 2 :&I0+6<+HF 3 /7, <#6,8H/*&47,6 *+- &14+1 046 < 10.4/ 16 &<&.1+6 D’
UJ & 18<+66.8B ' 76 O+ ,8H*847,6 +14+ Wt +4"# = WS - [* 0+ 8E7.9&+14%1 O+
'?,.4 §.4+19.,/1" DXB.6' *7I6 E/+*&E/&AB ,+E7.6+ 8+<*+6,8H*&4+7,6 +1 G *74/ 1
J--+/1&"7* <1684, 08166 BH/,+6\V3 +4 3 /1 <&7- &0/1<'7 6+
A 794, +1 HABE6 +4 .14+ 8H, +1< ,+ 71 ' 47 ' *76 80+< ™6 6746 0+ B, ( 70,/ @*86
67" +B<+6 O+ *& '?,.43 +6 6/'@B4H6 0+ B, (?0,/ @86 /14 &6 ' ,86+1B 71+
<-'/6814 (?20,88+ <- -+ M - [14+ *&H +1&84/1 07 - &6B 0+ *+& 0O+
</ 164474/ 1 0816*+6 6 +<4+62 0+*&BH7,+\V3/8

16 6 +<4+6 0+ ' ?,.4 <10.4/ 118+ &< *+ BH/*&7,6 & « @*0+ 0/,.H1+
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10764+ - 14 +1 89.0+1<+ * &' &.4/1 07 - BB 4 89+<*&: &0+ DUXY# < Y
<8 &/B, BAET+ 046 <& | 1846 BH7,+ VAN 6 +<4+6 X$2 $2+4 2 :&10+: 3

&'&.411 +1' &&S+ 0+*&: &10+DWR < U : &10+- &' +- .6*.0+14B<&4/ 107
<&: 184 O+ <B<T- OF & + <Q<M3 + <&:/184 +64" ,86+14 0816 *+ ,BHI*GA7,
A&~ +14 &I 7B - &6 * 6464 ,+4/798 68 68 +1 67,B<+ /7 <I' &< .B ' &
* TAEHA FHRAI 1 056"  2"3 + 0/ - &1+ O+ 6& *B 480.4] 11+ O+ *& <&<.4+ 6+
479+ &I@' 67'8,.47,6 DYV '/7, 71 - *+7 : .41 &8 9&IHM7 U[$3

+ 10814 +1 - *47 - [ 1688,8 </ - - +< 8B4+ <86 < <& *+6-+668.6/ 1488 88636
1 88T 6B - 86+4% | @HBL+ &' /@ & *~ +148B4569.4 < 16/ - - 8' & *&' 2.4 *+
Of - &1+ 0+ 648 *B 07 <&,/ 184 O+ <&<.7- 410 D6 S&H, ' / 7981484410, + 046"
&766. B +6E7+$$  981HY 7 U[$ 3

&<(&7@+6A< 117+ /7, 14+ 71 08 .- &14' *76 HB<&+ E7+* (20, @O0+ 0+6 0.7- D

' BE7.08%14 1/ B U2V J %6 U[W3 ™+ +64 0 &™47,6 ' *76
<7,& - +14 74563+ E7+ *& 6 70+ <#lh O+ 1.5+ 8814 456 <,,/69+ '/7, ™6
16884/ 16 (&10+, UYY3 .- '&4 67 +B<+ 6 8<BE/+ 0+ *& <&@ 9.&
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9.,84/1  081671+GAT<H,+0+ 2 +6I'B& B, .E7T+ + xy BH,+X3 +°
6 +<4+U : 810+60 ++4B3 &9.:,84/1 DV < Y BHI,+X3 + "6 +A4+U
(&10+ & <& 8&B, AET+ 0+ * +&7 0+ < 164474/ 1 - | *8<7*&,+ & 88 *.8+ 0816 * 8470+ O+
* 08 466/ 1 &/@67'BA46 B, ET+6 E7. '/7,,&H4]4+ 0+ 8B ,- + + x\3
<- - +*/1467HB,8 "' *76+7,6 &747,6 &6t6 UY& U[# U[V 0+ /1&4

J[u y[p 711 [ /0/<fH9, "##' 3 |,6 046 &1&7?6+6 O+
6 +<4/- 84.+.1B&/ THr *+- 8BB | Ui [## < Y +64*+ 4&+7, 046" (8&6+6/ @08+6
67' + B<+*4G3
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A) ghi B) ghi
e b atelfje i

Absorbance (AU a b C deﬂm k | M Absorbance (AU)

01
2000 1800 1600 1400 1200 1000 800 2000 1800 1600 1400 1200 1000 800
Nombre d'onde (cm™) Nombre d'onde (cm”)
HL+ X3 "H<A46 [ 4176 ' & 6 +<4/ 65" .+ (1B&/7TH+ +1 - / 0+ ,8B+@ 1 0.B¥6+ 0+6 O+7/@

B&A/ 16 0+ ' ?,.4- 08 ,.- 8+6 &+< *+ BHI*&H7, O+' & '7.6&A498+6' & & 74
0 &0+ 67°), .E7+' 17, 84+.10,+ 71"  <:* 14,98+ 0+6 1/ - 1 ,+60 / 10+ "#t# ittt
< U

81046',.1<' &6 & W< Y W< Y< U< Y0 WS$< Y+ up#< YB

W#H< “H Ws< Y( ttw< Y. umit< Y> Ust< YF W'#< Y [$#< Y-

we< VY
' +4+6+1 .1B&/ TH-0+*&B&A/ 1 0+' ?,.4- V' 2V /-
U /28+DB<" ' _W"V' _Y"X' _YUS$' _2#2' ' 184+
' +<A4+6+1 .1B&/ TH-0+*&B&A/ 1 0+ ?, .4+ # UbH /-
U J28+DB" © _W#FV' _W2'X' _2Y$' _$Y2' ' 184+

[--+11*&-/148 & ',880+14 (& .4+ *6 ,8Hr*&+7,6 D : &6+ 0+ <& 7-
+1HH10,+1471 O/ 7: *+ #8467, *+' +67, &</ 1<t1484/1 0 ./ 16 <&<7- +1 6 *74/1
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E7. .14 8H66+14 &9+< *& 67,B<+ O+ *& ' ?,.43 .16 '/7, .@* *+#B407 ' O+
884984/ 1 *&G 70+ &  +L G *74/1 &8BT74*63+ < - - +,8H/*&47, O+, 8B, +1<+3
&BH7,+ X3 - [ 14+ 71+ 86?- 84.+ 07 - 86B (+l - *+7 &<&.1 BH/,+X3 +4 °
6 +<A4+ V3 + - 8BB +64 '*744 ', B 61, *6 :86+6 BBETHI<t6 W'# < Y
<& &8, .AE/+6 0+6 6/B46 B, , .E/+63 +6 6 +<4+6 67.9814 0+ *& BH/,+ X3 ' ,86+14+14
*8BAO+6/,B<t B LM+ 3 +- 86B y,H/79+71+6?- 84.+D' 2&+71',/B*
+1 1B&/7H+ 45 ',/<(+ 07 ',/B* D' 1847+ <+ADO0.,+ 6816 <?<+ 0O+
< 10.4/ 11+ +14D' W'7.60.- .174/107' 3 +<10.4/11+ +14D' 1&4,+ 6+4
0+ ,88, +1<t+ D* 8840+ 6/, B+ +1 - *+7 &0+ <& &B, . 64E7+ O+ * 8E/. % ,+ 184/, + O+
&' ?,.4+1 G *74/ 13  +6471+/:6+984/1 .- ' | B4+ E7. 6+ 1 *+- A+ +1 O&14T71+
,89+,6.; X B4 B+ 0816* <?<+< 10.4/ 11+~ +14D' UR.- .174/107' 3 &67.4 07
(& .4+ ,8<6+ <+ E7 ¥+l +64+1 4h- + 0+ <& &B 0 804G ," 4/ 1 0+ </ P4<he7, O+ &' +

@14 843

816 *+ <86 0+ *&H&LTY - 84.+ HY : &+# Up# ~- *+69& .84/ 16 0+ 62- 84.+ 07 - &66B
ul/1488 - /.16- &E78+3 1 1/:6+9+' 8 *& 0.6 &.4/1 0+6: &10+6 UJ $ +4 W' #
< V<8 &B, .BAET+6 0+6 67*B46 B, .E7+6 BH7,+X3 1 810+60 +4B3 + +10814 *+6
- 81046 UV +4UESH < Y BHZ,+ X3 *: &1046. +4> [ 1489/ ¥78 89+< *&0.- .174/ 1 07
'3 ' <& 1M .<:&G+BEETHI<+DWSH < U8R4' ,80/- .1814' & &'/ ,4&7" <
DUME < 3 &<(74 07' &&4BL78 <+ 80/ - .181<+ +4*6 0+7@: &10+6 6+ 6§ 14
4/ 798+6 D.14-16.8 .0+14E7+ &4 7, 0+' 23 &4B1784/ 1 0+60.BB,+1<+6 0 .14-16.8
+64- /.10,+' /7, *&HE&LTY - 84.+<:* V' 2VA- BHZ,+X3 :&810+6. 4> - &6+
8BA4569.6: *+' [ 7, *&HELTY - 84.+HY : &+# Ub# - BH,+X3 1 &810+6. +4>3

+ (& .4+ ' ,880+14 & - .6 +1 89.0+1<+ ™6 *+16 +14+ *+ &'/ ,40+6 & G ,: &1<46
wwR ey 0+ <46 O+7@: &10+6 O+ *+ &' /,4 + R+ 0816 *+ - &66.B0+6 67463
&H +H1&A/107' &88B<,,88+&O+71+0.- .174/107 ,&"'/,4 R wes 407
&'1,4 +R+ " *&A4984/1 '& 0.- .174/1 07 ' & +7 < *+8B4 .19+6+3
STH 1841107 ,&"' 1,4 R ws ' & *& 1+ 0.- 174/ 1 0+ *&: 810+ DW$# < Y
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- "CEMH&AT71+ &IH H184/1 07 ,&'/,4 + R+ 3 1&0/1<71 ,+47, D71 8840+
67, Bt +1 - X+7 &0+ 1+74+ ' $2 v ™6 6/'B46 B, +7/@H4 B, .E7r+6 6 14+1
E7&14486 8E7.9&+146 &1,6 E/+ *+6 6/'B46 B,,.Er+6 (70,886 +R7 (?0,/ @*86
1,80/- 1H4&Z@ - &<&163 + 47, D71+ ' &.8B 67'B46 B, +/@B,.E/+6 & 88
[ 417 89+< < 16+,984/ 1 O+ *& E7&1AB 4 &+ 0 +6 5<+6 67' +B<+*+6 * &,+ 07 - &6.B

u&2&14"' +7 9& .8+"' +10&14*&0.- .174/ 1 0+’ BH/,+ X3 3 1646 5<t6 67" + B<+*46
1/140/1<' &6 8B 0.65 746 - &6'*744- /0.B8+6"' /7, & /74, D*&- |- + (.- .+ 0+
6/, B<+ E7 & ' 184 ,+ 0&14*+ <<+ &/H +144/1 0.- .174/1 07" 3 1'+740/ 1<
' &* 0+,80+6.: X BO+H667,B<H60+*&" ?,.4-07,814*+ 4&4~ +18B .16 *+667,B<+60+
&' ?,.4 1+ 6+&H14" 86 1B & 6 67.4 & ] 28 A @484~ +1H .- .E7+6
&' *Er86&7 1.9+& .10764.+3

@ - Tl SS( ) 24#) RO ) 2% SE & A

+ $HB()&> 7TOH& "IHD

' & A+- H+]1 89.0+1<+ ™~ |- + &' + 0+, 867 BLE Er+*&' &4+ ,8<B0+HL43 * 6 &H4
- &14-18140+ 084+,- .1+ * +B340+ 0.HB,+14 4" +6 0+ ,8H7*84+7, 67, * 8840+6 67, B<+6
O+' ?,.46E7. 67. .66+1471 <?<+U < 10.4/ 11+ +14D" WJ+H" 0.- .174/107" '&
&0+ 67'F,.E7+3 &BH7,+X3/' ,86+14+ < - - + 0816 *+ <86 0+ *&BH7,+ X3 0.HB, +14t6
68,.46 0+ 6 +<A4+6 +1 .1B&/ 7TH3 +668,.16 6 +<A&+6 0+ Hr/<(+ BHr7,+ X3/ +4
<,,+6 /10+14 & @</ 10.4/ 11+ +146 O+ *& B&A/ 1 <:*+ V' 2V - 3 46 6 +<4+6 0+
0,/ .4 BH7,+X3/ +# < ,,46 / 10+14D*&B&A/ 1 B1+# Ub# - 3 ,/ .6,8H*&4+7,6
D: 86+ 0+ <&<7- [148B 4686 *+ & «+1 §*74/1 BH/,+ X3/ +# *+ &
§*0+ BH/,+ X3/ +#4 A% & @*0+ BH/,+X3/ 4 3 /--+'/7, 66 +<4+6
0+ </ 10.4/ 11+ +14 80+ *& & 70+ *+6 6 +<4+6 17- 8,/ B6 U ,+ ,86+14+-14* 8484 .1.4&
& ,56:,/?28H D6 4 *6 6 +A4+6 17- 8,/ 86 2 ,+ ,86+14+14*& , 888, +1<+ O+ * 844 0+
67,B<+0 71+' ?,.4-</10.4/ 118+D' 184, +' & 6.- ' *+.- - +6/108160+* +& 74 &
' 7,43
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A g\hi B) ghi
e b odel kI o b cdejki

Absorbance ; ;v;;;}:f P Ahsorbance
(AU) ' AN (AU)

01 01

2000 1800 1600 1400 1200 1000 800 2000 1800 1600 1400 1200 1000 800
Nombre d'onde (cm”) Nombre d'onde (cm”)

C) ghi D) ghi
o b cdelfjiim e b odejkim

Absorbance : : ARV AR Absorbance
(AU) o A (AU)

01 01
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2000 1800 1600 1400 1200 1000 800 2000 1800 1600 1400 1200 1000 800
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E) ghi F) ghi
2 b cdefjk I m e b edefik i

Absorbance A
(AU

Absorbance
(AU)

1

01

2000 1800 1600 1400 1200 1000 800 2000 1800 1600 1400 1200 1000 800
Nombre d'onde (cm) Nombre ¢ onde (cm)

H7,+X3/ '4<446 [ 4176 ' & 6 +<4/ 65" .+ AB&/ TH+ +1 - / 0+ ,8B+@ 1 0.BF6+ 046 0+7@
B&A/ 160+' 2,.4-08 .- 8+680+<0.HB,+15 L' +60+ ,8H/*847,60+' ' 7.68498+6' &
&F 740 &0+ 67°F, E7+' [ 7, 84.10,+ 71"  <:*+ 14r9&*+0+61/- : ,+60 / 10+" ###
Vit < Y
81046',.1<' &6 & W< Y W< Y< U< Y0 WS$< Y+ up#< YB
W< YH Ws< Y( ttw< Y. umit< Y> Wstt< YF < U [s< Y-
we < Y
' 4+<4+46 +1 .1B&/ TH+ O+ *& B&A/ 1 O+ ' ?2,.4- V' 2V A~ ' 880+ - +1408 ,.- 8+ &<
& LG 741" 7.68A498+' & O+* &0+ 67'F, .E7+
U J/J?8tD6<" ' _WUV' _[UX' _W'$' _2#2"' ' 184+
' 4+<446 +1 .1B&/ TH+ O+ *& B&A/ 1 O+ ' ?2,.4 # Uptt N~ ' 880+ - +1408 ,.- 8+ &<
& LG T4 1' 7.68A498+' & O+* &0+ 67'F, .E7+
U J/?8tD6<" ' _WUV' _YWX' _Y$S$' _2#2"' ' 184+
' 4+<4+46 +1 .1B&/ TH+ O+ *& B&A/ 1 O+ ' ?2,.4- /' 2V A~ ' 880+ - +1408 ,.- 8+ &<
& - @*0+' 7.68&A498+" & 0+* & 0+67'H,.E7+
U J/?28tD6<" ' _WWV' _[#X' _Y$S$S' 22" ' 184+
' 4+<4+46 +1 .1B&/ TH+ O+ *& B&A/ 1 O+ ' ?2,.4 # Uptt - ' 880+ - +1408 ,.- 8+ &<
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& - @ *0+' 7.68498+' & 0+* &0+ 67, .E7+
U ,/28tDe<" ' _WXV' _Y['X' _Y$$' _2"2" _' 184+
' +<A+6+1 . 1B&/ THF 0+ *&B&A/ 1 0+' ?,.4- V' 2V /- ' 880+ - +1408 ,.- 8+ &8O+ &
G *0+' 7.6 8&498+' & 0+* &0+ 6/'F,.Er+
U ,/?28+D6<" ' WV WX _[wWs$' _2Uu2' _' 1&.+
' +<A4+6+1 . 1B&/ THF 0+*&B&A/ 1 0+' ?,.4-# Ub# ~- ' 880+ - +1408 ,.- 8+ &+ &
6 *0+' 7.6 8&498+' & 0+* &0+ 67*F, .E7+
U ,/28+De<" ' _W#V' _WXX' _[W$' _W2' YO1&H ¥

&BH7,+X3/- [ 14+ <&, + HIAE7 71" &<&.1/: 417" & 74*684/ 10 71 ,8H*&4+7,
0+' D:&+r0+<q&<7- &+7'/7, HB4 . *&- [0.B<&€4/1 .- '/, 41407 - &6B (046
GIERA6 +4 .. *&'&.4/1 071 - 8BB » W# UM# < Y <Q&B, .GAET+ 046
<&:/18&846 BH/,+ X3/ +4 "6 +A4+6" H4V 1 &10+: 9810+ &+ +74P6 &+

Jve o+ /184 U[U3 +66 +<A4+6" 0+*&BH7, + X3/ <& &</B, . BAET+0+* 8B40+
67, B+ +1 - *47 &<&1 ' ,86+14F14- &141RIATL - 86BB | 89+< 0+7@: 81046 : .+1
- &ETSH6DU X MU' # < Y BHT,+ X3/ "6 +<446" HV ;81046 < +4

F3 &16* <(& .4+"',8<80+14 ,+84ABD*& 08 ,+86/1 O+ *&' ?,.4 <t6:810+6 /1488
866 <8+6 D*&' ,86+1<+ O+ 67*ER46 B, .E7+6 ( 20,/ @86 (20,8863 89/ *74/1 07 ',/ B*
'& 71+ 0.- .174/1 07 ' - |14+ E7+ *6 6I'BR46 B,,.E7+6 (?0,/ @86 (70,8486
0.6 &&66HI4+L - *+47 1+74+H4&0+ ' 1 Y$'/7, & L@ *74/1/7 @ *0++4
i ['7, & E*0+3 1- x+7 &<&.1 466746 B, . E7+6 ( 20,/ @*86 +4( 20,886
§14 &' &+ - +14 68 *636 '& *.1<,'/,8/1 0./16 &° +1 ',/9+1&l<+ 046
BH&47,6 & 17 & <& .4+V3

& &™+7,6 *& BH7,+ X3/ - [ 14+ E7+ *+ - 6B | +64' 744 867- 84.E7+ +1 - *+7
&<&.1 89+< 046 : &10+6 B , 4~ +14- &E78+3 &O0.- .174/1 07 ' '& & 740 &0+
678, E7+&' 17, < 168E7+1<+ 71 H&1 +1 67- 84.+07 - 86B (E7. 6+<t14+&74 7, O+
Ut < Y 6816: &10+' ,80/ - 1814 +1- *+7 &0+ '  $2 BH,+X3/ SV
6+A4+ $3 +',/B* 62- 84.E7+ 07 - 886B | <48 &47, 0+ Us# < Y +64
<&, &/B, BAET+ O+ 676 67" +,B<+6 &< 71+ /' [ ,4/ 1 1 1 18H-H+& *+ O+ 6746
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B, +7@0+ /184 U[U <& .4+V3 +6',/B%6D 26 14456",/<(+607",/B*
+1 1B&/ 7TH+ 07 </ 10.4/ 11+ +14D' 1847,+ < - - +0&16*+ <8607 </ 10.4/ 11+ +14
D*& § 70+ ' ,8<80+1B & ,80+6: .*B 046 67,B<#6 O+ *& ' ?,.4- +4 1/ & - +14 0+
* 8E7 %+ 046 67 BA6 B, +7@B,, ET+6 67 +B<+6% ,607 <?<+</ 10.4/ 11+ +14D'
UR.- .174/1 07" +640/ 1< </ 1B,- 8+ - &HB*& ' ,86+1<+ O+ <®<.7- 3 & 1&4,+ 07
BHTEAT, O+' "7, *+ < 10.4/ 11+ +14+] - *47 &<&1 1 .1B7+l<+ 0/ 1<' 86 <+l
(80+6: * B3 +6 5 046, 8HIOAT,6 0+ ' ' M7,6 0+ <®<7- 1+ 6 14/ : 6+98& 6
E7 +1- *+7 &<&.13

&'&.4/10+<&:/1846 - 86B 4 BH/,+X3/ + "6 +<4+6" H4V : &10+: 6+&4
+1 H&O0+ ' &4+ *+ ,867*44 07 9.+.* .66+ +14¥B LA/ 1 O+ *& ' [ ,4810.4 10764 .+*+

& G0+ &-/1& "HHV 3 + <& 184 O+ <&<T7- O+ P+ <8<4 &8B
<& &B,.68' & *&: &10+DYW\- Y BHZ,+X3/ +4 6 +<4+6" +#4V : &10+- 981 0+

&+ +H +7476 &(+ UW 3 +6<&§:/18466 14,1686 68 *+6+1 < ' ,8<' . B4/ 1 /7
+1 08 ;4 67, *& 67,B<+ O+ *& "' ?,.4 Y6E/ &47, 0+' YS$[ ¥,607 ',/ <+6676 O+
0.- .174/1 07" BH7,+X3/ + "6 +<A4+6V+H4X : &10+: 3

@, TUUHEB( ) 2##) RO ) PG S E)F SB( )
CH"#1* (> )21 (

&16 <t ' & 4+ 0+ * 8470+ 6 <& &&B6 0 &0 ," 4/ 1 O+ < *<4t7, 67, *+6 67, B<+6 O+
' 2,4 [ 1488 S1&?63+63 & BH7,+ XX </ - - + 6 BHI, 46 X3 +4X3/ 866+ : *+ 46
| : 6+,984/ 16 O+ * 884 046 67,B<t6 O+ *& ' 2,.4+ ' & &1&76+ +1 .1B&/ 7TH+ +1 - / O+
,8B+@ 1 0.BF6+3 +6+668.60 &G ,' 4/ 1 07 < *+<47, | 1488 88686 8+< 0+6 ' ?, .46
<10.4/118+6 D' UJ 6+ 1 *“+6 E784+ ,8HT*847,6 O+ <+l 8470+ &  +1 §*74/1
BHZ,+XX + & -+1G*74/1 BH/,+XX + & -6 *0+ BH7,+XX

M 4 & §*0+ BH,+ XX + 3 +' &8B+167.4 &¥6B' & 0.HB +146
800.4/ 16 0 &0+ 67'F,.E7+3 & E7&14B .1.4&+ +1 .6 & @14 &4+ O+ ' | &66.7-
G. Z &F7B+&,560.- .174/107' 8840+" W*- [*R3 +6 +<A4+07 :,/ 28H+
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ctfghij
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¢ fghi ({ g\r{
b d |
G-1) Gy ! \Cdew Lm H-1) Hy) * O \C e\f( m.
> \1
=
= 2
b0} /\\\3 0t 00 001
[4+]
= A\\ 3
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Nombre donde (cm) Nombre d'onde (cm”) Nombre d'onde (cm”) Nombre d'onde (cm”)
H7,+ XX '+<A46 [ 4176 ' & 6 +4/ 65" .+ \1B&/ 7TH+ +1 - /0+ ,8B+@ 1 0.H¥6+ 0+6 O+/@

B&A/ 16 0+ 2,.4- 08 ,.- 8+6 89+< 0.HB,+146 £ +6 0+ ,8H/*847,6 0+' ' 7.6 &A98+6
' & &F 740 &0+ 67*F, . E7+' | 7, 8410+ 71" <:* +4B1&+ +14< 10.4/ 118+6 89+<
WS- /"R 0.6 & @480+ | BBT- G. Z
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+6 6 +<4+6 </ ,,+6 / 10814D*& |/ 1+ .1B&/ THr 0+6 &F2*6 .14 9+ it " YiHt < Y
6 14.10+@6 *+4+ U3 +66 +<A4+6 < ,,+6 / 10814D*& |/ 1+ .1B&/ 7TH+ 0+6 <& : / 184+6
BT ERAG .14+ 98+ " #t# Vit < Y @ 14.10+@6*+4+"

81046' ,.1<' &6 & WM< Y WXrt< Yg U2< Y< U< Y0 WS$< Y+
UR#< “B W#< “H Ws$< Y( W< Y. < Y> st< YF w#< Y
* [$#<_ U we< Y

' 4+<446 +1 .1B&/ TH+ O+ *& B&A/ 1 O+ ' 2,4 V' 2V A~ ' 880+ - +1408 ,.- 8+ &<

& +1 674/ 1 &A98+' & O+ * &0+ 67*F, .E7+ +4' 7.6 < 10.4/ 118+ &+<" ~ WX - /"R 0O+

G Z
U /28+tD6<" ' W[V _[2X' _YV$' 2#2' ' 184+
' 4+<446 +1 .1B&/ TH+ O+ *& B&A/ 1 O+ ' 2,4+ # Uptt ~- ' 880+ - +1408 ,.- 8+ &<

& +1 6*74/1 &A98+' & O+ * &0+ 67*F, .E7+ +4' 7.6 < 10.4/ 118+ &+<" ~ WX - /*R 0O+

G Z
U /28+tD6<" ' _WH#V' _ W X' _Y['$' _2%2" ' 184+
' 4+<446 +1 .1B&/ TH+ O+ *& B&A/ 1 O+ ' 2,4 V' 2V A~ ' 880+ - +1408 ,.- 8+ &<

& . +HLE*T4/1 &A98+' & O+* &0+ 6I'H, .E7++4' 7.6 </ 10.4/ 118+ &+<" ~ W™ - /'R 0+

G Z
U /?28+tDB<" ' _W"V' _WUX' _Y$S$S' _$[2" ' 184+
'4+<446 +1 .1B&/ TH+ O+ *& B&A/ 1 O+ ' 2,.4 # UpH ~- ' 880+ - +1408 ,.- 8+ &+

& - +HLE*T4/1 &A98+' & O+* &0+ 6I'H, .E7++4' 7.6 </ 10.4/ 118+ &+<" ~ W*- /'R 0+

G Z

U /?8D6<" ' _2WV ' _22X' _2V$' _$Y2' _' 184+

' 4+<446 +1 .1B&/ TH+ O+ *& B&A/ 1 O+ ' 2,.4- V' 2V A~ ' 880+ - +1408 ,.- 8+ &+
& - @*0+ &A9B+' & 0+* &0+ 67, .E7++4' 7.6< 10.4/ 118+&9+<" ~ W*- /"R 0+G. Z

U /28+DB<" ' _W#V' _[WX' _YV$' _2#2' ' 184+

' +<446 +1 .1B&/ TH+ O+ *& B&A/ 1 O+ ' 2,.4 # UpHt ~- ' 880+ - +1408 ,.- 8+ &+
& @ *0+ &A9B+' & O+* &0+ 67, . E7++' 7.6< 10.4/ 118+89+<" ~ W*- /'R 0+G. Z

U J/?28D6<" ' _WXV' _WEX' _[VS$' _2#2' ' 184+
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H& ((E7+ &I/ 1+"## Yitt < U' +- +4814* [ : 6+984/ 1 0+6 +6 5<+6 67' + B<+*+6
O+ & + <&/ 1846 GT*RRAG +4< *4<47,3 +6 6 +<A4+6 +1 .1B&/ THF 0+ *&' ?,.4+ 80814
B/ 484/ 1 &16. E7+*+6 </ 1<+1486 +4,86.076 0+6 BY 484/ 16" ,86+1486 D*&BH7,+ $3 6 14
+ |, 8667, *&BH7,+$3/3 +66 +<A4+6" 4V O0+*&BH7,+$3/ /14- [ 148*&' ,86+1<+ 0+
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' (8616/ ,HRL.E7+6 +1 67, <+ 016" & A</*+6 B/ 4B+63 : 866+ < 1<t14 &84/ 1 +1 < *+<4t,

BH7,+$3/ "6 +4+" *' /B*0&6, 4/1+1 .1B&/ 7THt O+ *& 1/ 1+ 0+6 &F?'6 1+
<,,#6/10 '8 D <P7. O+ *& (8K+ <&:/18+ O+ * 6 & 7*@14 &3 + ',/ B* +64
<&, + +149.6.; %+ 0816 *+6 6 +<A4+6V #4$ 0+ *& BH/,+ $3/ 3 7<71 @14 &4+ 1 & 8B
/:6+,98 67, *&"' ?,.4- 1/ 1 B/ 4B+ D: 866+ < 1<+1484/1 BH/,+ $3/ "~ 6 +<4+ X3 +<
6/Hb, + O+ 456 B: ™6 .14+ &4/ 16 +14+ *+ @14 & +4*&' ?, .4 0&16 *+6 </ 10.4/ 16 O+
WS WS- 'R 0+ @14 &4 +4< 1B,- +*+6 B *+6,8<7' 8,84/ 16/ : 6+,98+6 D*&
BH7,+$3 3

Récupération Récupération
(% poids) A) (% poids) B)
00 100 -

90 S 90

80 - -~ 80
70 - -~ 70
60 - - 60
50 - - 50
40 -~ 40
30 1 - 30
20 - - 20

10 - 101

0 0

Fraction flottée Fraction non flottée Fraction flottée Fraction non flottée

H7,+$3 8<7' 8,84/ 1 0+' 2,.4-+1 B 1<4/ 1 0+ 0.BB, +146 < 1<+1484/ 16 +1 @14 &% $  W*
+# UU WY- /"R ' W& & 616888411

&BHZ,+ $3 ' ,86+14 *& ,8<7" 8,84/ 1 O+ *&" ?,.4 B 4B+ &+< UU" WY - /"R 0+
@14 843 10/ 7: *814%& < 1<H14&41 1 +1 @BA4 &4+ & & ' [ ,4& @), 867*84 O+ *& BH7,+
$3 *,8<7" 8,841 1 &&H 1B O+ W D[#f '/.063 1 1+' +740/ 1<’ *76"' &*+ O+
08 ,+6/1 DUU” W' - /"R 0O+ @14 843 B, 4 < 1<+1484/1 *6 6/,B<t6 0+ *&
B&A4/1 B/ 4B+ /14 - /148 *& ' ,86+l<t+ O+ @14 &+ BH/,+ $3/ = 6 +<A4+ V' *+
0.@14 | Hb1+&88B .0+14B8 89+<*&: &10+0+9.: ,&4/ 1 DU'22 < Y BHZ,+$3/ "6 +<A4+
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A)

0,05

Absorbance (A.U.)
o
o
R

Absorbance (A.U.)

4\

3200 3100 3000 2900 2800 2000 1800 1600 1400 1200 1000 800

[-:,+0/10+ < Y /- :,+0/10+ < Y
H7,+$3/ '4<446 [ 4176 ' & 6 +<A4/6<"' + 1B&/THF +1 - [0+ ,8B+@ 1 O.BF6+ O+ ' ?,.4

B/ 48+6D' UJ8O+H & +40.HB +H146< 1<+1484/ 16+ @14 84 $° W*+UU" WY
- [R 1459854+ 0+9.: 84 1 /! ## " it A" it Vi < ¥
810460+ ,8B,+1<#6 & LRV < Y1 U#< Y<UXs< Yo ul#< Y+ WH#< YBUYS
< YHuMm< Y( U< Y. ura< Ys[st< YFwe< Y
<446 +1 .1B&/ THHO+' 2,4+ 0&16* .14+ 98+ 0+9.: 84/ 1 V' ## " Yt < Y
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U' We & " &A/1B/4+D$ W -/"R°V ,&4/1 B 48+DUU WY
-/"R°X &AI1U 1B/ 48+D$” WH*- /'R°$ ,&A4/11 1B/ 48+DUU" WY- /R

' 4<4+6+1 .1B&/ THHO+' 2,.4 0816* .14+ 98+ 0+9.: &4/ 1 "1t Yt < Y
U' W & " &A/1B/4+D$ W -/"R°V ,&4/1 B 48+DUU WY
-/"R°X &AI11U 1B/ 48+D$” WH*- /'R°$ ,&A4/11 1B/ 48+DUU" WY- /R

V :810+<3 +6<- ' @60+ B, @14 &' /7, &+14]4+ 676 +<B6- &6.%61 /14" &
8B <&, + +14 .0+14B8E3 & : 810+ <& &, .BAET+ 046 </ - ' *+@6 B, @14 &4 DU XS
< Y464 - 8T8+ ' & *+6 9.:,84/ 16 0+6 +6 5<t6 67'EBBIE3 8616 UYé& /14
- 1148 E7+ O+ 446 & 6 ,: &<t +1 .1B&/7H+ < ,,+6/10+14 D 71+ /7 O0+7@
- U <746 0+ @14 & +1 67, B<t O+ *&" ?,. 43 1+' 44 E781448 0+ <& / 1846 +64
8766, 9.6.: *+ 67, *&B&A/ 1 Bl 4B+ 80+<*&: &10+0+9.: ,&4/ 1 DUR# < Y BH7,+$3/ °
6 +<4+V : &10+: 3

816 *6 +3686 D B 4 < 1<+1484/1 +1 @148+ UU WY - "R * 6 +A4+ +
1B&/ 7H+ 0+ *&B&A4/ 1 1/ 1 B 48+ 8448766, .10.<84B0+* &0 ,' 4/ 1 0+ 0.@14 / Hol+
+1 E78148 1/ 1 18HH& *+ BH7,+$3/ "6 +A4+$ :&10+<3 1+ H&I0+ Ef&148 0+
<81/ 184 0+ <&<7- : &10+DUXR# HWR < Y &8B8HY+ +14/: 6+98+ BH7,+$3/ °
6 +4+$ :&10+6: +4F 3 &: &10+0+9.:,84/ 1 046 67*BRA6 - / 14+ 71+ &H +1&4/ 1
0816 *+6 B.: *+6 BE7+1<+6 DUt'# < Y <& &B,.6AET+ O+ 67846 B,,.E7+6 ( 20,/ @86

+ 1 - x' 3D+ 3

3, - C $(/' -7 H#H( ) " > ¥ B >O)"(#
I ()8! " (#

$3/338B B407 4~ ' 60 &8,&4/ 1

&BH7,+ $X"' ,86+14+ * +HB3407 4~ ' 6 0 &8,84/ 1 67, *+6 9& .84/ 16" (?6.< < .- .ET+6
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O71+"' 7%+ 0+ ' ?,.4 <104/ 118+ D' W &+ O+ *& ( &Z@6+7*+ 6816 & 74 0+
< <ty 1. B 484/ 13 &BH7,+$3X- /14+: 1 E7/+* 88,84/ 1 0+*&' 7% +' |/ 07.40+7@
HBE - &+7,6 T1+- /0.B<84/1 046" && 5446 ' (726</ <(.- .ET+6 +4* &' &.4/1 O+
U 79+*46 46 5<+6 67" + B<+*™667, *&' ?,.43 [ 1<+l,1&14* HB4' 76.< < .- .E/+ 0&16
6 0.@ ,+ 5466/ 1046 0+ *&3,&84/1 *+'/ 414+ 0/ @0/ ,807<4/ 1 & &H +18 0+
',56 O+ U - "T7.6* &H H1KA/ 1 &< 14178 "' *76 *+14~ H14+] &F T&IAUH#H - O+
"*T6&7 ;[ 740+ <1E- 1746 BH7,+$X 3
Ajustement du pH par

addition de chaux aprées
5 min d’aération

11,5 4 ] - 300
g ooH .
11,0 1»0.. ER o oD * | o5
* [u]
1051 *e o +200 =
o0 =
10,0 Dn‘:‘ ~
5 o i +150 4
9,5 - * n
‘e 4100 J
9,0 - pH * .. v
AR 50
8,5 E] o
8,0 v 0
0 1 2 3 4 5 6 7
Temps (min)
H7,+$X &.84/1 07" 07 ( Y1 B1<4/107 4~'6083,8&84/1"'/7, 71+ ' 7% + 0+ ' ?,.4

1.4&+ +14</ 10.4/ 118+D' WIS &

&6*+-]- +4~ "6 "' &O0.- .178 *+14~ +140+ UJD+19.,/1[ &/ ,6E7 .*17? +7
&I<I1 & 740+ (&Z@' /7, - &14+1., *+ ' BH7,+ $X3 89/*74/1 07 '/ 414+
0/@0/,807<4/1 & 8B <,,868+ &< **+ J7'** 80 @ -R- (&10+, "#V +1
74*6814*&,88<4/ 1 67.98&14+
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+' | A4+ 0 SET.*: ++A<R<T'8 D' &4, O+* 8E784/ 1 0+ y"u
CseHHUMH .\ #H 53 c

/v +64*+" [ 414+ 0 /| @0/ ,807<4/ 1 D* 8E7.*.: ,+ +1
u T4 [ 14+ 0/ @0/ ,807<4/ 168108007 <4 7'+ R+ +1
b AR B 1 & AP+, PRA9++1 | @HBL+ 6816718
YA /807 THE.4- + 0+ &< 1<t1484/1 0+, /41 +1 §*74/1 6816
71.8

8Er&4/1 0+ 07 47 * R~ 8E7&4/ 1 $3 - [14+ E/+ *+ ' 414+
0/ @0/ ,807<4/ 1 &H +14+ E7&10 *&' ,+66/ 1 ' &4+*+ +1 | @Hbl+ ' - &H +14 +4
E/+*' 0.- .17+3

& &5+ +14 046 &1.&?6+6 0+ 67,B<+ +1 6 +<4/- 84.+ .1B&/ 7H+ +1 - / 0+ ,8B+@ 1
0.B¥6+ 0+*&' ?,.4- | 1488 ,88.63+63 &BH7,+ $3 ,866+ : *+ 66 +<A4+6+1 .1B&/ 7H+
O+'?,.4-<10.4/118+ D' UJ&+< & & 4~ '64 #-.1'7.6",8498 4 74 *46
- 17463 +0+7@6 ++HB40+* 88,84/ 1 +64&1,6: .41 9.6: 3 &'/, 40+ ' +10&14
* 88,8411 & &IH +1B *& E7&1AB O+ <&: /184 67' +,B<+ [:6+98 '& *& :&10+ O+
9,84/ 1DURH < Y BHI,+$% 3 +<&:/ 184 &8B.0+14B8</ - - +07 & O+&' +
<Q<4' & *&: &10+0+9.:,84/ 1DWR < Y 981 0+, &+ UWR 3 1*8Ht <(&lH~ +14
0816 *& ,8H/ 1 0+6 ( 20,/ @*+6 & 67HB,8 * &H +1484/ 1 0+6 +6 5<+6 0 ( 20,/ @O+ +4
0/ @(?0,/ @0+6+1 67, Bt 0+*&" ?,.4r *& Hr: &10+<+148+ DWW < Y 1/ 1" 86+1B+
0816*+66 +<4+63 +6<1E- .17460 &,84/11/14' 86",/ 07.40+ <( &1H+ +140816*+6
67 BRAM6 67" +B<PB0+*&' ?2,.4 BHI,+$F - 886B +14+U# [##< Y3
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efgh
AL

CaO pH 11 ty,

=
<
3
£ 0,05
5
8
<
2000 1800 1600 1400 1200 1000 800
[-:,+0/10+ < Y
H L+ $3% '+<446/ 4176 & 6 +<4/ 65" .+ . 1B&/ 7TH+1 - / 0+ ,8B+@ 1 0.B¥6+ O+ ' ?,.4+"' [ 7,

0.BB +164~ '60 88,84/ 1 4 ' 7* +.1.4&+ +14< 10.4/118+D' W< &
810460+ ,8B, +1<t6 & WPVt < Y: UR#< Y<UXb< Y0 UR#< Y+ W< YBW$
< PHUME< V(W< V. W< U st< YFE R Y
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$3333 BA0+*&< 1<+1484/ 1 +1 @14 & D' W

&BH7,+ $2 ' ,86+14 *6 ' /' [ 4] 16 - 8B6.E7+6 B1&+6 0+6 0+7@B&A/ 16 0+ ' 2, .4+
66746 0+6 +@8, . +1<+6 0+ BY 484/ 1 8+< 88,84/ 1 ' +10&14*+ </ 10.4/ 11+ +14D' W
89+< & 3 &BH/,+$2 - [ 14+ <&, + +14E7+*64/ .6 +6686 0+ B/ 484/ 1 /148 / 74 D
O+ B, 46 ,8<7" 8,84/ 16 0+ "' ?,.4+ % ,6E7 71 </ 10.4/ 11+ +14' & 88,84/ 1 0+ *&' 7% + &
8B ', 8AE78 *+6 ,8<7' 8,84/ 16 - 8BET+6 8&+14 O+ [# [X #4[2 f '/.06 '/7,
A6 <49+ +14%° WS W W +HUU WY - /'R 0+ < 1<t1484/ 1 .1.4&+ +1 @14 &4+
BH7,+$2 3

Récupération Récupération Récupération
(% poids) A) (% poids) B) (% poids) C)
00 ————————————————————— 100 4 00 - —————————————"———————
901 — — pu—— - - — — — — — — — — — — — 90 4 90 |
80 - 80+ — - I - - 80 -
70 4 70 4 70 A
60 — — PN — - — — — — — — — — — — — 60 4 60 - — —
50 50 50 4+ — —
40+ — — DN - - - - - - - - - - — - —— 40— — NN - - - - - - - - - — — - — — 40 4 — —
30— [N - - - - - - - — - —— 30 4 30 4 — -
20— — [N - - - - - - - — - —— 20 4 20 |
10 10 10
Fraction Fraction non Fraction Fraction non Fraction Fraction
flottée flottée flottée flottée flottée non flottée
HL+$2 8<7' 8,84/ 1 +1"' ?,.4-D0.BB, +F146 < 1<+1484/ 16 +1 @14 &4

$° WS W W'+ UU Y-/ R T WS & H8O<88 841 4 %
-1

+6/ : 6+,984/ 16 0+6 67,B<+6' /7, *6 6@ ,/ 07.45 O+ BI 484/ 1 < 1<+1486 +4,86.076
891< %46 4/ .6 < 1<+1484/ 16 +1 </ *+<47, $° W W W HUU W'- /"R 614
866+ : *8t6 D *& BH7,+ $ANVEI+< *+ 6 +<A4+ O+ 8B, +1<t 0+6 67,B<H6 O+ *& ' 2, .4+
<10.4/11846 D' UB +66 +A4+6" V +4X 0+ *& BH7,+ $3N</ ,,+6 / 10+14&7@4/ .6
< 1<+1486 O+ B/4BA/I1 +4 - [14+ 0+6 E7814AB6 6- &, +6 O+ < <473 &
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0.BB +1<&4/ 1 +14+ *+ 0.@14 / Hbl+ H4*+ < - ' *H@ - 84 @14 &4+ 67, *6 ' & 4<7*+6
BY 48+6 &88 "' *76 0.MB<.*+ 0816 *+ <86 89+< 88,84/ 1 ' +10814*+ </ 10.4/ 11+ +14E7+% ,6
O+ * H®8, . +1<+ ' ,8<80+14+ 6816 88,84/ 13 & E7&1AB O+' (86+ & G ,: 8+ +64' *76 B *+
G- -+ * - [14+14 %46 9. 84/ 16 &F?6 046 6 +<4+6 " V +4 X 0+ *& BH7,+ $3V
- ' &8A9+ H14&7 6 +<4+V 0+ *&BH,+$3/ 3 1 +B4 &I/ 1+ 6 +<A4&+ U'## UiH
< YU 86H14 71" /%5 +0 .14+ BB +1<+0+: &10+63 +',/:*5 +6+' [ 6+ +1' &4<7*+,
"7, 6456 B *+6 9&+7,6 0+ &7/ @0+ ,+< 79,+ +H1ARAGAE/+ &6+6 y[vs +
: 810+6 <8, 8B, .BAET+6 016 </ - ' *H@6 | ,HRL.E7+6 O+ 67, B<t+ 6 14&7 ,6 - /.16 .14+16+6
+40/ 1< B<*~ +14- 86E7& *6' & *6 9. ,84/ 16 0+ 9&+1<+ 0+6 H/ 7' + +145 67*ERA463

881- /.16 *+ ',/B* .1B&/7Hr 0816 *.14+9&*+ UM U## < Y &' &84 ' *76
<&, &B, BAET+ 07 </ - ' *H@ B, @14 & : &10+<DU'X$ < Y E7+ 07 0.@14 / Hp1+3

8 &*+ +14DU'22 < Y <& &8, .6AE7+07 0.@14 / Hbl+ 1 +64' 86<*&,,+ +14& ' & 73

| 746 *+6 B&A/ 16 Bl 48+6 /14 - | 148 71+ EV&IAB 849+ +14 - ' [ K14 O+
<&: /184 0+<&<7- BHI,+$3V "6 +4+6" V+X :&10+: 3

+66 +<446$ 2 +4W ,86+186 D*&BH7,+$3V - / 14+14E7+*+6 B&A4/ 16 1/ 1 Bf 4846
' | 6660+14 0+6 E781486 ' %76 .- ' | 146 O+ @14 & ET+ *+6 67,B<t6 0+6 B&A/ 16
B/ 48+63 +6 ',/ B*6 0+6 : &10+6 0+ 9.: ,84/16 U'22 U'X$ < Y /140/118 71+ :/ 11+
.86/ *74/ 1" /7, .0H14B+ *+0.@14/ Hb1+ : &10+6DU'22 AW'$ < Y H* < - ' @
B, @148 810+ DUXs < Y3 &H 184/ 1 0+ *& < 1<H1484/ 1 +1 @14 & &
&/ 7A D71+ &H +1&4/10+* 86 ,' 4/ 16 76 B ,- + 0+ 0.@14 / Hbl+ 67, *+6 67, B<+6
O+'?,.4-1/ 1 B/ 4B+6 BHZ,+$3N 6 +<4+6$2 +AW: &10+DU'22 < Y3 & &*+7,6 *46
14168607 - 866.B0+9.: ,84/ 1 046 <8, / 18466 141+4 +14' *76.- ' | ,KB146' | 7, *+6
'&A<T6 1/ 1 B ABH6 ET+' [ 7, *+6' §A<7*+6 B/ 48+6 BH7,+ $3V " 6 +<4+6$2 HW
810+ DURH# < Y3 &: &I0+DW'$ WH'# < V4648766 456 & ' & +143 *+1+' +74
' 86 |4+ T1LET+ +1484,.: 78& * D*& "' ,86+1<+ O+ 0.@14 / Hbl+ <8, HB18 &+ +14*+6
0H7@ .<6U22 MW'$ < Y6140 141686 , #8496 6- *&,+6 G/1IHY U[U3 &
B,4 14168 0+ *& : 810+ W'$ W'# < U 67HbB,+ 0/ 1< *& ' ,86+1<+ & / 10814+ O+
67*BA6 B, .[E7+6 ( 20,/ @*860816*+6"' & A<7*+61/ 1 B 48+63
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A B) ¢ fg h
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8 0,02 <
8 8 0,05
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3200 3100 3000 2900 2800 2000 1800 1600 1400 1200 1000 800

[-:,+0/10+ < Y [-:,+0/10+ < Y
HZ,+$3V ' 1<4+6/] 4176" & 6 +<4/ 6" +.1B&/ TH +1 - | O+, 8B+@ 1 O.BF6+0+' 2, 4+ Bf 4B+

D' W& & +489+< 0.HB +146 < 1<+1484/ 16 0+ @14 & $~ WX +HUU WY
- /'R +480+< 888411 4_$- .1 0816* .14+0&*+ 0+ 9.. &4/ 1 V/'## " Y +A" #iH
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Y < Y
810460+ ,8B,+1<#6 & LRV < Y UR#< Y<UXs< Y0 Ul#< Y+ WH#H< YBUS
< "HuMmt< Y ( isht< Y. < U>[st< "FWe< Y
<446+ .1B&/ THHO+' ?,.4-0816* .14+ 98*+0+9.: &4/ 1 V' ## " Yitt < Y
U' W& & " ,&A/1B/48+D$ W - /'R V &4l 1B/ 48+DWWH*- /'R X
&4/ 1 B/ 48+ DUU Y- /"R $ ,&A/1 U1 B/ 48+DS - /"R 2 &4/11/1
B/ 48+DWW*- /*R°W ,&4/11/ 1B/ 48+DUU W"- /R
' +<446+1 1B&/ THFO+' ?2,.4r 0816* .14+ 98+ 0+9.: , 84/ 1 " Yt < Y
U' W&+ & " ,&A/1B/48+D$ WH*- /'R'V &4/ 1B/ 4B+DWW"- /'R X
&4/ 1B/ 48+DUU Y- /"R°$ ,&A/1 U1 B/ 48+D$ W - /"R 2 &4/11/1
B/ 48+DWW™- /*R°W ,&4/11/ 1B/ 48+DUU WV~ /R

&BH7,+$3(" ,86H14 71+ < - ' &&6 1 0+6 &7@0+,+</ 79,+ +lABRABAET++64- 86' &
46 0+7@- 84/ 0+6 O+ Q<7+ ', 86+148+6 0816 *& 6+<4/ 1 P- &B,.+ +4- 84/ 0+6 Q0+ <+
(& 443 +BI@0+ < 79,+ +1AGRAGAET+- 8@ & 48 ,.E7+&8B <&<T'8 D' &4, O+
*SE784I1 X3) +1 67'' /6814 71+ 80§ ,' 41 4B+ 07 < *4<47,3 +6 BI@ O+
4<] 79,+ +14 86 |14 88 +4- 86 ' |7, <(&ET+ B&AI1 O+ ' 2,4 B 48+6 +4 1 1
B/ 4B+6 D' &4, 046/ : 6+,984/ 16+1 .1B&/ 7TH:3

—&— Fraction flottée
—a8— Fraction non flottée

8,0
7,0 4
6,0 1

Taux de recouvrement
statistique maximal

/ théorique avant flottation

5,0

Limite de détection pour
4,0 4 B I'observation des espéces de
3,0 < - C S <«— xanthate adsorbé en utilisant la
20 ’ vibration de valence de la téte

hydrophobe du collecteur (1300-
1,0 frmmmmmrrr e s ‘j
Limite de détection pour

1000 cm™)

Taux de recouvrement statistique

0,0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ I'observation des espéces de
4,0E-04 6,0E-04 8,0E-04 1,0E-03 1,2E-03 xanthate adsorbé en utilisant
la vibration de valence de la
Concentration initiale en xanthate (mol/L) chaine alkyl du collecteur
(3000-2800 cm™)
H7,+ 33 & @O0+ ,+< 79,+ +146BABGAEI+ 07 @14 &4 &</ D' &4, O+* &, +0+* & € ,' 4/ 1

AB&/ THE O+ *& ( 8K+ &F?* +1 B1<4/1 O+ *& < 1<+1484/1 +1 @14 8% ' |7, *+6
B&4/ 16 B/ 486 +41/ 1 B 4B+60+' ?,.4 +00860+B/484/1 D' WP & HEO
88,84/ 1" +10&14% - .1
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16 <8I<7'6 | 14& | T4 DO+6 BI@0+ ,+</ 79,+ +140+ 71+ DO+ @</ 7<(+6 0+ @14 &
806 ,: 8 67, *+6 B&A/ 16 B 4B8+6 BH7,+ $3( 3 +6 B7/@0+ ,+</ 79,+ +146 141+~ +14
ABB,.47,6 & LI@O0+ ,4+</ 79+ +14 48 ,.E7+ - &@ & D 0+ 446 < 1<+148&4/ 16
1AGME3 + +10814 <+6&7@F 1467MB6815' /7, 71+:/ 11+ ,8<7' 8,84/ 1 BHI,+$2 <+
E7. 67HB,+ E7+ * 806 ,' 4/ 1 07 < ™<&7, +1 67, B+ 046 ' &A<T™+6 B 4B+6 +64 71
- 8@IHFO+ </ - ' @ B, @14 &4 +40+0. @14/ Hb1+3

&BH7,+ $3( - | 14+ &766. E7+*6 BI@0+ ,+</ 79,+ +146BABAET+6 ' | 7, “+6 B&A/ 16
1/ 1 B 48+6 6 14456844986 +14+4/ .6+6+ 4</ T<(+63 +6&7@0+,+< 79,+ +146 14
1+l +1467 8,.47,6 D<HT@0+6" & A<T46 B] 4B+6 - &6 &766. & &I@0+ ,+</ 79,+ +14
48, ET+- 8@ &3 + @14 & 8607+ 1/1 806 ,: 8 67, *6 ' &4A<T:6 Bl 48+6 6 +&4
O/ 1< 8<7- 7*8 +1 67, B+ 046 ' &4<T46 1/ 1 B 4B+63 +6 6 +<4+6 +1 .1B&/ 7THr / 14
- 148 ET+*46< T<(+667 ' "8 +14&,+6 0+ </ ™47, § 1484 7& *6D* &0F ,' 4/ 1 O+
0.@14/ HB1+3 | 7,E7/ . <+6' &A<T6 1 | 14+*+6" &6 B 4B & ,6 E7 +*+6" ,86+14r140+
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Structure de pilier oxydé
apres broyage a sec et
immersion en conditions
alcalines (pH > 10)
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B)

Activation de la structure
pilier par aération lors de la
flottation. Croissance
d’hydroxydes et

d’oxyhydroxydes de fer

0, Expansion du
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Zone supérieure

prédominée par des 02 d’hydroxydes et
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hydroxylés 0, de fer
50 . Squelette
a Zgne rr_met/jlane d’hydroxydes et
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ferriques

Zone inférieure )
prédominée par Base riche en soufre
des sulfates élémentaire et

ferreux / polysulfure de fer
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Surface oxydée de faible 7 Pyrite cristalline
extension verticale
(quelques nanomeétres)

) D)
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ferrique

—eeed

ST T TST T o

/\ i / \\- | /
Pyrite cristalline 7 Pyrite cristalline /s v Pyrite cristalline
H7,+$3 ,86+1484/ 1 6<( 8 GAE7+07 - / 05*+ 04614+, &<A/ 16 @14 84+ ' 2, .4+ ¥ <&.63+6 &7 1.9+&7

0+6 ' .*+6 0 +6 5<t6 / @08+6 +1 67, <t O+ *& " ?2,.43 76484/ 1 046 - 8<&L.6- 6 +1
</ 10.4/ 16 &<&.1+6



204

16 , 867484 0+6 &1&7?6+6 +1 .1B&/ 7TH+ / 14- | 148 E7 &/<71+ &H +14&4/1 6+16.: *+ 0+
*& &0+ 0+ 9.:,84/1 O+6 6746 1 & 88 1/ B+ & ,56 83,84/ 13 & < 168E7+14 +1
< 10.4/ 16 &<&.1+6 *+66/*RA461 / 14" 866+ : *8 H56+14+6 0816 *& ,88<49.88 0+6 6.4+6 +4
* 148411 07 @14 &4 &04< ™6 67, <+ O+ *& ' ?,.4 < 14&,+ +Hl4&@- 8<€l.6- +6
',/'1686+L <10.4/ 16 &0t6 1+74+6 ' $2 (& 4+23 +'/7,,&4.10.E7+, Er+
6+7*+71+" & 4*- B+ 06 67*BAH607 " >+ &B8B .- ' *E78+0816*&</ - ' *+H@ 107 - 84
@14 843 + +10&14 0+ 1/ - :,+76t6 840+6 /14 - .6 +1 89.0+1l<t+ * &H +1&4/1 07
674 +1 6 *74/1 & ,56 806/ ,' 4/ 1 0+ @14 &4+ &476+4 /<4, U[# G(&
U[UJ &HU[$3 &BH/,+$3M / 14+ 0 &*+7,6 *&0.- .174/ 10+ + x\§ - +
046 6746 0+ B, (?20,/ @786 +14+ *+ 6 +<4+ 0+ *&' ?,.4- < 10.4/ 118+ D' WJ &
88,84/ 1 H4<+7. O+ *&" ?,.4+ Bl 4B+ 80+< 07 @14 843 +6+6 5<+6/ 1488 * <&.63+6 &
G- - M0+ &BAT<H,+' *+ 0646 546/ @08+6 +1 67, B+ 0+ *&' ?,.43 * +6467HB,8
0816 <++' & A+E7+*&B ,- &4/ 1 0+< - ' *HB6 07 @14 84+ O+<*+ B, B,,.Er+'/7,,&4
14+ 865 <8+ 8+< 71+ 08H &84/ 1 07 ' *+, </ - - +08<,.40816 *&* 48,84 ,+ 0+ [1&4

Urv .= "##' 3 &0.69 *74/ 1 0+ 67*BA6 0+ B, ¥ <&.686+L G - - +40+
"4 H148K+H &4 *& %1 8,84/ 1 016 6.46 B, .E7+6 G 76 X<t1b .18, 8HE814 < *+
@14 &+ BH7,+$3 3 +<10.4/11+ +140 &,84/1 &,807.4*& 08H &0&4/ 1 07 ' .*.+,
+1 &H +14814*+ eE7++44 0 (?0,/ @0+6 +40 / @(?0,/ @0+6 O+ B, +4&0.- .178 ' &
</ 168E7+14 *&E7 8148 0+ @14 &4+ 18<+66&,+ D*&08H &0&4/ 1 07 ' .*+,3

16- 8<€L6 +6' /' [ 63608<,.9+14* &6 +<A0+*& </ <4/ 1 <+ADO.,+0+* &0F ,' 4/ 1
O+ @14 &4 +1 67, B+ 0+ %&' 2,43 &6 +<AD| 4BAI 1 046" &A<T™6 0+ 2, 4+ - +4+1
L Q8L <+ 46 46 546/ HBL.ET+6 B ,- 846" & * &0 ,' 4/ 1 07 < *4<l7, 8D+<*+6+6 5<+6
67 +B<+46 ( 20,/ (.46 ,8607+%46 ( 20,/ @0+6 +4/ @( 20,/ @0+6 0+ B, 1 &&14' &
(88H G7'ERA6 B, [E7+6 (20,886 1/ 1 *@9.863 & &™+7,6 *+6 86785 ' ,86+1486 0816
<+ (& A4+ 14- | 148 E7+ 046 46 5<+6 <& | 18B+6" +79+14] 4+ B@+6 +1 67, B+ 0+ &
'2,.43 &' ,86HL<H O+ <&/ 1846 67 +B<+6 464 +1 ,+84/ 1 89+< *& 08 ,+66/ 1 D*&
&T@ 1+B4* .11 <& 184 6865 <+ &A@ 16 <&<7- &G ,: 86 67, *&GAT, +
O+' *+ 7, B - + 71 <&: /184 O+ <®<7- 3 .16 *6 E7&14486 0+ < - ' @ B,



205

@14 84 +40+0.@14 / Hbl+ < 14+ &&1<86" & *+6 E7&1446 O+ <& / 184+6 +40+ 6746
0+ B, (?0,/ @*86 </ 14; *H &+14*& B/ 48B4/ 1 0+6 ' &4<7*6 O+ ' ?,.43 & BH7,+ $3HK
FTA+ 6P 1*- ]- +- /054 0+' %+ ~60.B8,+16 88567 +B<+60+6" &4<7*+60+
' ?,.4-6¥ 1 *&ET&.B 0+*+7, BY 48 .*.483

+6' &4<r*+61/ 1 88,8t6 E7. / 14B/ 4B ' ,86+14+ &+140+6 @14 846 806 ,: 86 +1 B *+
Ef&14AB : .+l Er+*& < 1<¥1484/ 1 . 1.4&+ 8848498+ BH/,+ $3H 3 +6' &4<r*6
8886 E7. | 14B/ 48" ,86+14+ & +1471+ E781AB - ' | 814+ O+ @14 84 806/ ,: 8 - |- +
8O+ 046 : 86616 </ 1<+14 84/ 16 .1.4&+6 +1 @14 &4+ BH7,+$3¥ 3 &164 76 *6 <&6
*6' &A</6 E7. 1 /14" 86 B/ 48 ' ,86+14+ &+14 046 +6 546 67' +B<+*+6 ( 70,/ ' (.*6
< - - +*46 6746 B, .E7+6 ( 20,/ @86/ 7 *+6 <&/ 1846 +1 ' *76 H &10+ E7&148 E7+
*#646 5<t6 0+ @14 8468064 ,: 8+6 BH7,+$3¥ 3

16 ,867*Bb &A+6 1+ 1/ 76 ' +,- +4414"' & 0 +@*Er+ *+Haokl<t 071 O/ - &1+
A4 - 80.&,++14+" 2 HYE/. ' ,86t14+ 480.4/ 11+~ +14 71+' *76 B *+ B/ 48 .* B3
+6 84046 67, *+ 67>/ 14,+.8 <+4 .14+ 98"+ Q< *& 648 * B 07 </ - ' “H@ B, @14 &4+
0/ 7:* +14 (?20,/ @8 E7. 6+ &4 B:*~ +14(?0,/' (/:+ J &H+H4 /,66+H U[U
/,186+/ 4 &A1 U[" J &AHUYU[$3

816 <+ (& .4+ * 88,84/ 1 07,814*& B 484/ 1 &8/8 </ 16.08,8+ 71.E7+ +146 76* &1H:+
<(.- [E7+3 + +10814 <816 HBH "' (76E7+6 < - - +* &H +184/ 1 0+6 </ 10.4/ 16
0 8H&4/1 07 6266 + ' 17, &+14]4+ +19.68HB6  1H# U[W3 &00.4/1 0+
L 7746 0816 71 6766 ++1 H&A/ 1 ,8H7*5,+' [ 7,, 84" +4,: + B 4~ +14*+6</ 10.4/ 16
(20,/ 0718 .E7+63 +6 B: 6 0 +& *8+ +l 6,B<+ 046 - .18,&7@' 1 7,,&+14 |4+
0864 636 .- ' *<81471+- | 0.B<84/ 1 046 </ 10.4/ 16" (26,4 <(.- .E7+6',/ (+60+*&
67, B+ & 16, E7+0+6 46 54667 +B<+*60+6- .18, &/@B



A)

Structure de pilier oxydé apres

broyage a sec et immersion en

milieu alcalin avec des réactifs
porteur de calcium (pH > 10)

Zone supérieure

A prédominée par

des sulfates
ferriques

Incorporation
d’ions calcium
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B)

Structure dégradée de pilier des
particules flottées — sans aération

[KiAX]o = 1,1" 10 mol/L

Multicouches de
dixanthogene

Monocouche

hydroxylés
de complexe

50 o Squelette xanthate-
3 Zone médiane d’hydroxydes et ferrique
prédominée par d’oxyhydroxydes
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des sulfates de fer
nm ferriques Carbonate
de calcium

Zone inférieure
prédominée par
des sulfates
ferreux

| 3 o R h ,/
Ve /'\\71’,/.,

Surface oxydée de faible
extension verticale
(quelques nanometres)

Base riche en adsorbé

soufre élémentaire
et polysulfure de fer

Pyrite cristalline

C) D)

Structure modifiée de pilier des particules
non flottées— avec ou sans aération

Structure modifiée de pilier des
particules flottées— avec aération
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dixanthogene Expansion du
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Monocouche d’oxyhydroxydes
de complexe de fer par
xanthate- aération
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,807.6814*&' ,86+1<+0+* | @Hbl++R7 0+* +&73 | 7, <+ B, + *&' *7' & 40+6 4<( 1.E7+6
< 166414 D" *&+, 0+6 < 79+, 47,46 67, *+6 ,+>+b6 HB18,84+7,6 0 &0+ 7: +41 3
"#'&3 1+ &A+["4/1']7, *&HBA/ 1 046 ,+Hb O+ </ 1<+1484+7, & 8B ,8<+ - +14
" 633 P+ 6t &6+ 67, * &' * <84/ 1 O+6 A<( L.E7+6 0+ 4&4~ +14046- .1+ &6'/ 7,
*- 4 &' 07<4/1 0+ 0+, +HB 0+ < 1<+14 &84+7, 6/'F,86 766.5,+ ury

+11 &8l / 7& “HHHE .6 "##$ 3 +',/<808 +1 E7+64/ 1 < 1664+ &16. D
&' *E7+, 71+ B/ 48411 &@,+>Hb 0+ < 1<¥14847, &&14 *+7, & ,4+ 07 <,<7.4 0+
< 1<¥1484/ 13 & BT 484/ 1 ' +- +40+ ,+4,+ *6 67*F,+6 0+ B/ 1 684<49+ D' &4, 07
,PH O+ < 1<¥1484+7, +4 +167.4- O+ HB+ 68 &8 +14 6 O+/@B&A4/ 16 ',/ 07.46

+'.1H H4 &6e88. U[F HU&A/7& Uiy 7e5+ 3 Uiy

+1 &8/ 7& “HHE 7665+ "HHX3 +'*76 64" [ 66+ 0 74%.6H *&
B&4/ 1 0867*F,8+ </ - - + - &B,.& 0+ ,+J79,+ +14"'/7, *& ,+6487,84/ 1 046 6.46
- .1.+,6 HB18,&4+7,6 O+ 7:+41 U[U 7655+ 3U[$ 7:+H41
U[w 7:+41 “HET +- %0 %101 3"#$ 3 B 10+, ++A4
& 468+ 0867F,84/ 1 - &6 +*+ 0.85,+ 0+ *& 0867*F,84/ 1 </ - - 718 +14' ,84E78+
081664 &4~ +160+68 .66/ 16 H8l +7/6+6 E7. HA &4*6 B ,- +6/ @08+607 & 7TB+3 &
0867*5,84/ 1 0 71 , >0+ < 1<H14 847, +64' *76 ",/ |+ O+ *& 0867*F,84/ 1 ' ,8AE78+
0&16* .10764.+07 <(&:/1 < 16.6814D* HA&A/ 1 0+4 76*+6- .18, &/@4 7B86 H&
# 71H [V *®&F+# 91 [V G- 148 "#U Q8. "HHX 3

+HD,+66./ 1 0867*F,84/ 1 +19.,/ 11+ +14+ & 88 .14/07.4- ' /7, *& B/ 484/1 1/ 1
B3 +<A9+ 0+6 67 ], +6 0+, B 0+ </ 1<+148&47, 7665+ 3U[Y +I&I/7&
“HH& &Rl 7&HGI IH Y "#V &1 "HHX 3 +4k- +08 ?,.4684/ 1 ' *76
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6 8<BE7/+ &8B &6 ',/'/ B 0816 *&*4B,&,+ *&F+ *d1 U[V & 766t

"H#H#X 3 & 0867H,84/ 1 +19.,/ 11+ +1&+ & ,8<+ - +148B "',/ [/ 6B+ < - - + 71+
4<(1E/+8J1- E/+ AHB<E&t+ 07 '/.140+ 97+ +19.,/ 11+ +14& ' /7, *&0.- .174/ 1
0+*&HB18,84/ 1 0 &.0+0+6, B0+ < 1<+14 847, .6 "H#H#$ 3

&' ?,.4+64%" | 1<' & 67'F,+' ,86+140816*+6 , >+ 0+ < 1<+14847,3 *+ +A46 79+14
864 <8+ D 71+ HIH/+ 6.*<&8B+ D 0+6 6/*H,+6 6816 9&+7, 8 1/ - .E7/+ '?,,(/ 44+ +4
&63L/ " ?,.4 HADOH6 6/'F,+6 < 14-1&140+6- 84&7@0+ : &6+ DB *+64+1+7,6 1/ 1 Bf 486

(&' ?,.4 6 (&8,.4 51+ ' +14810.4+1/ 1 B/ 4863 &' ?,.4- BBE/+14+ &/66. 0&16
6 ,9Hb 0+ <(&: /1 +64</ 16.08,8+ HB18, &+ +14</- - +71 - .18, & 1/18J 1/ - .El+
<+ E7. H@*E/+ 6& < 1<+¥14&4/ 1 0&16 6 ,+tb ',/ 07.6 ' & *6 < 1<+1484+7,6 O+
- 1+H&6"/*?- SB*E/+G3 1',86t1<t 0 +& +40 / @Hbl+ +*+' +746/ @0+, +4HB18, +,
O+ * &0+ ¥4 07 B, §*:* +1 '*76 /7 - /.16 H&O0+ E7&1483 &49.8 : ./ HE/+

IJ--+ ™6 (J:&™6 +64 71 <«B?6+7, <117 '/7, *& HB18 &4/ 1 07
14+ 9+41814" ,.1<' &+ +14+1 < 10.4/ 16 &.0+63

& &*+7,6 +&/<I T 0 &4+7,6 /14 08D 480&*8 67, *& B/ 484/ 1 O+ *& ' ?,.4 +4
* .14+ &A1 046 < P4<dk7,6 80+< *+ - 18, &3 +68470+6/ 1488 - +18+6 G 76 0.BB, +14+6
<10.4/16< - - +* &' +0+:,/28H =+ &' +0+ <, 6:,/ 2814 *&HE&LTY - 84.+ *+'

[ 414+ 0/ @O/, 807<4l 1 *+6 88AB *46 </ ™<47,6 +3  &6+6 Uy &
86+6 UY:® &+ Uv< J &H Uy &+ U[# " o+
/184 UY& &6 U[W G/IHY [U /,18+/ +4 &&41 ["
&6+6 U[VJI &H U[$ +188/7& g &1 "#HX Gl 1H Y

"#EX T H &0.9.46 "HHS 3 * 466 AET+ 476 <16’ && SA+6 SB<A1A&

(769 .- A0H667,B<H60+7&" ?, 4+ & J1BBE/H4 6 1< - "/, 4~ +1407,814%+
',/ <808 O+ BY 484/ 13 +6 0.9+,6+6 +6 5<t6 67' +, B<+*+6 .0+14B8+6 +1 67,B<+ 0+ *&
' ?,.4-] 1488 6714 8463+6 0816 +6 4 8&@07 (& .4+ V3 +6- 8<81.6- +6 0+ By 484/ 1
0+*&" ?,.4+ 0&16*+6 </ 10.4/ 16 O+ 0867*H,84/ 1 80+<*+ < *4<4t7, ' ,8 / 108, &14E7 +4
+ @4 &4 /1488 &',/ B 10.6 0816 *+6 (& .446 ' ,8<80+1b 4&Bl4' &4<7*5+ +14
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07 ',/ <808 0+ ,88<4984/1 0 71+ ' ?,.4- 08 ,.- 8+ (& .4+ X +0+*& Bl 484/ 1 0+ *&
"4l K+ &<&1 (& 4+$ 3

16089+ "' + 14 .- '/, B1H0&16*&< - ' ,8(+16/1 07 < 10.4/ 11+ +1467" +,B<+*
0+6 67*F,+6 ' +10814 *& B/ 484/ 1 /14 88 ,8%.636 ,8<+ - +18B +& 4+14 67,4 74 D
*74*684/10 8E/.' + H1H60+*& [ ,&4 ., + E/. ,1B54140+- +/@tl - .+7@<46< 10.4/ 16
A0764. 4463 .16 71,/ 747, O+*& [ &4 ., +' +- HKIAT] < 14;*+ < 1417 O+*&' 7 +

& 88 74*.68 0&16 *+6 84/0+6 O+ &6+6 Ul# +HG/IHY U[U3 18E.'+ +14
OH14E7+ &88 ,8<+ - +1474*68' [ 7, * 840+ 07 : ,/ 28H O+ *&<( &</ ' ?,.4 +1H
"HV& O+ & HES1+ +1H " +1H “H##V. T +H1H "HAK H0+*&

"4 T&HH &/ "##$ &16 Er+'/7, * 8470+ 0+6 HBb 07 :,/ ?8H 67, *&
B/ 484/ 13 +6 & 8%/,84/16/148B &'/, BHED<+ L' + 0+ :,/ 247, ' |7, < 14;* *+
' 414+ 0/ @0/ ,807<4/ 1' +¥10&14*+ [ 28H ,+4 “HHV +H4 "HHXE 3
&< - 1&G 1 ;[ ?+7, <P+ 0+ B 484/ 1 D* 8(+*+ 07 *& / ,&4 .,+ &- /148 O+
11146 < ,,884/ 16 89+< *+ ' |/ <808 .10764.+* 41407 ' /.14 0+ 97+ 0+ *& 63+<49.8
- 18, &+ Ef+0+6' && HA4+6' (764 .- .E7T+6 H0+6 885 0+ 67, B<+ . H4/: /1
"HAX3 +1 - H @ && 446" (769 (.- .[ETH60+*&" 7 +' +79+14]4+67.9.6" / 7,
+ < 14; % 0+ *& &K+ 0+ 4&4~ +14 07 - .1+,&3 *76.+7,6 8470+6 / 14 08- / 148
* -], 81<+07" 407"/ 414+ 0/ @0/ ,807<4/ 1 0816* /' 4- .684/ 1 0+6,+10+ +14
0+*&B/484/1 &0.1 Us2'J//06 U C1+#6#4J //10<<F UYX F +L
4 864 ? "#H (&10+ "##V J /106 "##V 3 &< 1<+1484/1 +1 | @HB1+0.66 76 &
8B 67.9.+' & ' *716+7,6 &747,6' /7, < - ' *84, 6 .18 ,- &4/ 16 & 67>+40+6 < 10.4/ 16
0/@084/107,814*+",/<808 /7/4+4 7(& A [# +H710 J[UG7/'&'/,4
U[W3 +'*76 *&9&,.84/ 1 0+*&</ 1<+14&4/ 1 +1 /| @Hb1+0.69 76 +1 B 1<4/ 1 07
4~ '6 866- Bt J7,& - +14 D *& O+ &10+ +1 /@Hbl+ O+ *& ' 7% + &'/, 4 046
AB,- 84/16 67, *& ,88<49.8 0+ &' 7%+ ', &+ /6H:*7- UWK ,+H4
"X 3 BB +lb L2 +6 0844/ 06 &+ 0/ 7@ - .18,& '7, '*8®4l1+ [14 474
,8<h - +14 88 74*636 '/ 7, 8470.+, *6 .14 &4/ 16 HYO&L.E7T+6 +14+ *6 - &B,.&@
< 164440 71 6?66 +- .18 &' +10&14*+: ,/ 28 T7&8H+ &/ "##$ 3
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1+ &',/<4+ 6- *&,+ & 8B - .6+ +t1 w79,+ 0&16 <+d+ 840+ < - ', ,+1&14 71+
<J-:.1&6 1071 :,/?28H 440 71+ <¥*7*+ O+ B/ 484/ 1 D* 8(+*+ 07 *& / ,&4 ., + &+
71 67.9. 07" ( HM0+*&< 1<+1484/ 1 +1 | @Hb1+ 0.66 763 +6 8E7.' + +14/ 1488
74*686 ' /7, +,/07.,+ 71+ " 7* + - A8 &+ ',/ <(+ 071 ,H 0+ < 1<+14847,3 +
9.+* 66~ +140 71 ,8607 +64 71 ' (8l/ - 51+ 456 ,& .0+ E7. - /0.B+ B ,4~ +14 %6
", ,.886 67' +,B<+*6 016 67/*F,+6 +4' & < 16BE/+14*+7, B/ 48411 +11881/ 7& +4
G/IHY "##V3 1:,/?28#F7,1&+ 071- ]- +%40+- .1+ & 67.9. .16K1K18 +14
"& 71+ 84 +0+ B/ 484/ 1 ' +- +40 89.4 6",/ 5 +607 9.+*.66+ +140+*&' 7* +3

1+ 0+65,.' 4/1 </ - "4 07 ',/4<* +4 046 8E7.' +~ +1b +4 ' ,86+1B+ 0816 <+
(& 4+3 & ,8<7" 8,&4/ 1 <184E7+ 0+ *& 0867*F,84/ 1 @ 76 0.BB, +146 </ 10.4/ 16 +64
- .6+ +1 80.0+1<t+ H0.678+3 +6' & & 446" (764 .- .E/+6 M H/ < .- .E7+6 &16.
Er+*< - '/, 4~ +1407 @14 &4+/148867.9.6' /7, - +4++1 89.0+1<+* HB3407"' O+
8849841 1 +4 * HB4 O+ *& < 1<+1484/ 1 1.A&+ +1 < *+<4t7, 67, *+ ',/ <808 O+
0867*F,84/ 13 +'/.140+ 97+ +19.,/ 11+ +14& +64 & / ,08 0&16 *& 0+,1.5,+ ' &4+ O+
<4+ 8470+ 67, *&0867*F,84/ 13

<- "H#OPH OH )Y

<- "B S

8470+ O+ *& 0867*H,84/1 +19.,/11+ +1&+ 1 & '& '7 6+ B,+ 67, 71 ,+>H4 0+
<J 1<H14847, 6 ,4 0 761+ D<&/6+ ' ,.1<' &+ +14 0+* 89/ *74/ 1 ,& .0+0+*&' 7* +% ,6
071 14+ /| &8H+O+' *76+7,6 3 7,6 +1I &I/ 7&HAG/ IH Y "##V 3 18| &14* 118H+
F7,1&+ [ 70+6+H6%6.1 6.4 1 84&+14" & ,8&.68 61/ 1 ' *763 * &0/ 1< 88 08<08 0+
16447+ H1*& [ &4 .+ 71 o+ 86H1RABO+6,86.076 0+ </ 1<+1484+7,3 | : ><A4B
O+ * 840+ +64 0/ 1< O+ 4&&*+, 67, 71 8(&14* 1 O+ ,/ |+ < 14+1&14 71+ B 4
AL O+ ?, 4 M7 Bt/ ,4/1 O+ 6 (&84 H 0+ (&I ?,.43 46
8<(&14*116/14&16. 8B "' ,8+4986 67, 71+ ( &0+ D6B,.*+ 0+ *&- .1+ &/ 10+ 8 8+
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676+ 1/- 0O+ - .1+ 0816 <+ (& .4+ E/. H@Y .4 71 H6+ +14 O+ 6/'H,+6
Y- BRFEH6 7T AL 7 HG48 +l < 14H@h 9/ *<&l/ 630.- +148,+ 0816 *& <+ 147,+
& .4 #11+ 78+ &&& /76l H4 &11H1 U[$3 +/@F +60+,/(+6/14
8B 8 &14* 1186 71+ B&A/ 1 ,.(++1'?,.4 Y#f '/.06 *&4+"'&9,++1 "' ?, .4
+19.,/1 Uf '/.063 +6 0+/@B&A4/ 16 /14 88 < 1<8633+6 0816 71 < 1<86+7, D
- x{/.,+ & 63+6 14+ U A W- - '/7, BK*4H M+ 0/ ?28H 7.6 + 474 & 88
(/- /HB18.633 8 &14* 1 74*68 "' /7, (&1 0+6 +36&6 :,/ ?&HHHBI 484/ 1 /1488
',8 &86+1 - 8RIHRIAXH T '/ .060+68B,. 4+, (++L"'?,.4 8+ 2#f '/.060+68B, .*+
"&9,+ 1 "2, 4 [T, &410,+ UWJ'SH O+ - &B,.¥3 + & & 23) ' ,86+14 6
<&, 8B, . PAET+6 - .18,&1 HE7+6 0+ <( 8E7+ B&4/ 1 &1&763+' & 0.B3&4/ 1 046 ,&2/ 16
Z3 &<-"'&&E10+46< - '/64/16- .18 & HE/+607 - &8B,.+ 8470.8 8+<*+,86.07 0+
- 1+ - [14+E7 %66 146~ *&,46 6+7*+*&,8 & 44/ 1 0+6 6.*.<846 9& .+ ET+E/+
"7 & &7 23)3 &BH7,+23)" ,86+14 *& H&L7Y - 84.+ 07 - &B,.+ & ,56:,/ ?8H +1
- FA7 (7- .0+ 0816 *+:,/?+7, D: &,+6 0+ *& / ,&4 .,+ 08<,.4"' *76 % .13 & BH/,+ 23J
- [ 14+ E7+*&H&L7Y - 84.+07 - &8,.+ 8470.8 +64.0+14E7+ D<+*+ 07 ,86.07 0+*&- .1+

3 /--+%6,/+46" ,8498+6 67, *&( &0+ D68B,. 66 140+ / 11+ &*+ +14+H +4
"#H< Y/ @0&/ 1" & A+ HIK 8++ALBH HH& *+' & & ' [/, AD*&E/&148 0+ 67, BB+
179+ +14<88+"' & < 1<8668H +4: ,/ ?28H &%+ 046 ' & 4<7*+6 B1&+6 .11B,.+7,+ D
Ut - 3 &67,B<+ 0 +D/64/1 .1.4&+ 67, *& (&0+ < ,,46 /10 & ,6 D+19.,/1 71
- /15 +0+*&67,B<t4 LK+ B1&H' [ 7, 71+- |- +- &6+ 0+- &8B,.+3

& 87 23 &&LB 684/ 1 - 18 &I HET+ '8  Z 046 B&A4/16 O+ 68, % - 1.+ 07 - &8+
B8470.8 +407 ,+>+40+ </ 1<+14847, O+, 8B, +1<+
" S0+
. '.1/8’52 8, k; 'Z(:ﬂ 3, f',,ng’ﬁl &8, #8408 < 1<H4847, O+
. 1ot
784 2 W s %
* 4 i 2 "V 2
764 9.4 U X [ w
(1, 4 Y, X Vv W
Al * 4 Y 2 W Vv
2 4 i U Vv VI
(&< 2,4 " U U
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17, {8ET+ 44 *+ - &8B,.+ < 1<8638 4" *&B 0&16 71 :,/ ?+7, D: &,160+*& / &4 ., +
+:,/?78 < "2"$ - 0+ 08/1.63+"'/7, &4.10,+ 71 '/ 7,<+18H+ & *0+ O+ W
f '/.063 +- &B,.++64:,/ 78" +10&14V¥# - .1 D$# 4 7,6' & - 174 <" X: &,+63 +6
: &, 16 74*63t6 6 14+1 &+, .1/ @0& *+ 0+ ) VX U $f '/.06+41 , H4$$
f '/.06+1 .3 &BHr,+23 ', ,8+14 71 68 &07 :,/?+7, D: &,+6 0+*& /&4 ., +
<J1647.4D* 71.9+,6807 78 <+l :.4:. § .6& .1H/+3

(&} o
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H7,+23) 64.074/ 1 H&ITY - 84.E7+ 07 - &B,.+ 8408 < 7,:+ '*1+ +4 07 ,+>4 0+
< 1<H14 847, 0+ 8B +l<+ </ 7, +(8&( 7,8+ (BAH& - + H< 7, +<7- T8+

+:1,1 247, < 1647.40816 *+ <80, + 0+ <+' |/ >H4+64: 8867, *+- /1 05+ 07 &/,&4 ., ++1
+19.,/ 11+ +14 +4 - 18 &7,H+ 0+ &l<? 1 &<t &6t6 U[#< G/ 1IH Y
U[U3 +:,/247, #4<-"'/68 071 <*10,+ +1 &+ .1/ @0& *+ &'+ 23 * +A4
J 14480+ 0+ @Y & :, 16 7T1+*&H- (& :,+0+:,/ ?28H-/v G 14" *&B6*+- &B,.+ +4
6. &,16 M 71+ M4 (& :,+/v 6+ B4* 8(&l4* 118H 0+ *&' 7% + D* &0+ 0 71+
"[-'+" 8. AET+3 1+ *EE/+ 4] 78+ +1 &+ .1/ @0& *+ &'+ MR &8 &+ *+60+/@
L& :,H8 &' 7% + 8 &14* 118+ "' &6+ 0816 71+ <+*7*+ O+ - +67,+0+6' & & H4+6 0+
TR+ ( M<1<t1484/1 +1 ] @Hb1+0.69/ 763 167.4 *&' 7* + 4&16.4+ 0816 71+
6+ 10+ <7+ ' [ 7, *+ < 10.4/ 11+ HIADE(&@H4*+ < 14;*+ 07" 3 .1&+ +14
*8( &A™ 1 O+ "' T7* + +64 ,+4 7,18 0816 *& (& :,+ O+ :,/?28H3 & /6 (5+ O+
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s, ?8H 8484/

Addition de chaux

Cellule de
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4 ' 8&47,+ 1/14" &6 8B < 14; *8+6 0&16 <t 840+3 & (& :,+ O+
19+,4D* &, & : .&148

Electrodes =l
pH, Eh, O, |?H> Systéeme
UHH <+— d’acquisition

Cellule de mesure

|
—
|
—

<>
Chambre de broyage Chambre d’échantillonnage

8 &07:,/?+7, 1647- H1B0+*& /&4 .,+74* 63 0816*&" ,86+14+ 8470+

&&B,.GAET+6 U & :/7, MIH+7, _ \2# - - 0.& HA4+ _ WM - - " (& :,+ O+
D ?8HE T IHTHT, _ V- - 0.& BA4+.18B,.+7, _ VXH- - TV ET+0+ 68 &&4/1 0.& 54+
- - 8 &6BGH, _2- - 0.& 54460464/76_V" - - 4/76< LE/+6/ 79+H69+6*&<( & : ,+

0 8<(&14% 118H X (& :,+0 8<(&14™ 11&8H ¥ 1H/+7, V- - 0.& 4+ \0#- - $
&,46 *1H+7, "W - - 0& 54+ - -

*&B1 07 @,/ ?28H *&' 7% + +A48<( &14* 118+ 0.,+<4~ +14D' &4, 07 : ,/ ?+7, & .68+
D2#t - "7, 4,4+ 6" &4<T+6H/ G560 E7. 1 &,&+14' 8688 :,/ 7816 +4' *&B+
0816 71+ <*7*+ O+ B 484/ 13 & BH7,+ 23/ 764+ *& <#*7*+ O+ Bf 484/ 1 74*.&88+ 0816
<t 847043 +6 4646 O+ BY 484/ 1 G 14 HB<4/86 80+< 71+ - &(.1+ O+ B/ 484/ 1 &' +

19+, U 0+*&/,&4 .,+3 +9/*7- + O+ &<+ +40+" $ 3 &9.466+ 0 8H&E4/ 1

14 &&6B+ D

U##t 476 '& - 174 < 71 08.40&, B@ D"$ R .13 Bl

0& 8/,+ *%&,+ ,/07<4: *8 0+6 4656 0+ Bl 484/ 1 *&- | 766+ +64,8<7' 8,8+ & - [ ?+1
071+" &+ &4 - 8463+ V#E < T7'6' & - 174 +4*+ 1.9+&7 O+ - / 766+ tA&XB ' &
& 740 +& 08./ 1.63+07,814*&BY 484/ 13
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Contrble de
I'agitation

Débitmétre
Systeme ™ —
d’acquisition

Electrodes

/

Raclette automatique de
récupération

Entrée naturelle de —» —
I'air

o o Concentré
de flottation

H7,+23/ <8 &070.6 / 64B0+ B/ 484/ 1 74*68 0&16*&' ,86+14+ 8470+

& BH7,+ 23X 68 &46+ *& ',/ <807,+ < - ' *B4+ 0+6 +6686 O+ : ,/ ?28HHBY 484/ 13 +6
8& +6 O+ < 10.4/ 11+ +14' ,8<80&14 *& B 484/ 1 G 14 ,8%.63+6 0&16 *& <+*7*+ O+
B/ 484/ 1 +46 76 8H&BA/ 1 DU ## 4 7,6' & - 1743 1+' ,+ .5+ 8& + 0+ 64K .*.684/ 1
O+ *&' 7% + 1A HB<478+ ' +10&14"# - .13 1+ 0+/@b- + 84 + 0+ </ 10.4/ 11+ +1407
' 64 ,8%.68+ 07,814 W - 1746 ' & & 740 &0+ 6/'F,.E/+ 0478 - x /7,
*&0.B<A/1 /7 O+ & (&@+L "'/ 70,+ & '/7, &H 14 *+' 3 1+4/.65 +
84 + 0+ W - 1746 6+48&7 < 10.4/ 11+ +1407 < *<47,3 +- | 766814+64&F 78 D*&
(7.45 +- 174 0+ < 10.4/ 11+ +H1407 < *+<47,3 +' ( H*& < 1<+1484/ 1 +1
| @Hb1+ 0.69 76 € 14 - +67,86 &+< 0+6 6§ 1046 O+ 2. 3 6 614
+1,+HH6486 &4 - 84E/+ +14 07,814 6 4/ .6 8& +6 0+ < 10.4/ 11+ +14 71+ - +67,+
4746 6 0.@6+</ 10+63 + '/ 414+ 0/ @0/ ,807<4/1 +64 - +67,8 D * &0+ 0 71+
844/ 0+ 0+ ' *841+ ¥4 71+ 8B, +1<+ 0 & HHLAR(* ,7,+0 & HH1B / 76*6" | 414+6 6 14
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/.86 & &' ,4D*84<4/ 0+ 1/ - &+ D(?0,/ Hbl+' & &00.4/1 O+#"""V 3 +6
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806 ,"4/1 07 @14 &4+ & 8B ,88A98+ 07,814 *& Bl 484/ 1 <+, &1+ +14 67.4 D
*88,84/13 + @48 G *7:*+ - - +1<+ D 0.6 &&4+ 056 6 ' ,+ .5+6 - .1746
0 88,84/ 1 H4*& </ 1<+1484/ 1 ,86.07+*+ +1 @14 &4+ 08<,/ .40+"' *76+1 ' *76 80+<*+ 4~ ' 6
O+ B 484/ 13 + @14 &4+ ,86.07+ & 8B 67.9. 0816 *& ' 7* + ,86.07+*+ +4 0&16 *+6
G *74/ 16 0+6 E784+6 </ 1<¥1486 E7. ,+1B,- +14*&"' *7T6 H&0+"' ,/' [ 4] 1 O+ </ *4<47,
H<t+ & , 566U - 17460+ B/ 484/ 1 BH/,+230J 3 &' ,86+1<+ 07 </ *4<4+7, 0816
*& @ *74/ 1 046 </ 1<+1486 O+ B/ 484/ 1 - / 14+ E/+ *+ @14 &4+ & &I 8B B/ 4B ' &
S+ +1A &@: 77+6 0 &,3 &A4984/1 0+ *&06 ,' 4/ 1 0+ @14 &4+ 8&4 - /.16
- &E78+D' WS EI D' W[ ,+6 +<A49+ +H14X#f '/ .06 4T '/.0607 @14 &4
1.4& /1488 - 467,86 +1 6 *74/ 1 D*&B1 O+ *& B/ 484/ 13 +6 - 8<&l.6- 46 .- ' *E786
0816 * 806 ,' 4/1 07 @14 &4+ 07,814 *& B 484/ 1 +1 - *+7 &<&.1 6+ :*+14 |4+
B,4~ +14*- . B86D' W3 +'/.149.+14< 1B,- + 0+6/: 6+,984/ 16 6.- .*&,+6 B 46
'& 0 A6 &I4T7,6 T+ 64L& y 2y C&H Ulvs

23BBB (- AH (26 (- A0 T+

&BH7,+23)' 866+ : *+*69&.84/ 1607’ ( H40+*/ @Hbl+0.69 76" +10&144 746
*+6 84 +6 0+ < 10.4/ 11+ +14+40+ B/ 484/ 1 &16. E7+' | 7, ( 8E7+ < 1<+148 +4,86.07
Bl& &@0.HB,+146 ' O+ B/4R4/13 +67.9. 07 ' 1& '8 - /148 0+ 9&.84/1
' &A4A<7*5,+ BH7,+23) 8R4 TAAGK M+ &<&. 1.8 .- ' |68+ 07,&814* :,/ ?28H+
&+ 71+ *8Hb,+ 0.- .174/1 '+10&14 *& & *684/1 O+ *& '7*+3 8& + O+
<10.4/11+ +14 07 ' & '+- .6 0 &410,+ + ' 086,83 7,&14 *8& + 0O+
< 10.4/ 11+ +14+1 < *4<be7, [1 &' 7 [: 649+ 71+ 86+ &H +1484/107' B,4
" & H14 84 T& M+ D*& B 4 &<&.1.8 0+ *& G *74/ 1 - 5+ 07 < *+<4+7, BH/,+
23)' 3 8B +0+B/ 484/ 1 &- .6+1 89.0+1<+ 71+ 89/ *74/ 1 - &+7,+07"' &8O+ T71+
0.- .174/1'/7, 6" *6'*76 &<&.16 M 71 &</.66+ +14' /7, 6" 1+74+63 +6
98,.84/ 166 146?14 8A63+6 67, *&BH7,+23NM3 +' 0 8E7.*: ,+6 +644K17 &4 7, 0+Y +4
&I<71+9&,.84/ 1 6. HL.B<84A9+1 &8B/ : 6+,98+"' +10814*&BY 484/ 1 BH7,+23N 3
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+'/ 414+0/ @0/ ,807<4/ 1 ( &&766 9&.8 BH7,+23) 3 7,814*&6& *684/ 1
O+ *&' 7% + 71+ <(74 07 ' [ 414+ 0 +19.,/1 W - & S8B/: 6+98+ ' +10814*6 0.@
'+ 546- 17463 + ( 640+ +7,8 68 *++167.4- 657 D* 88 +0+< 10.4/ 11+ +14
07' /v*&0.4/ 10 &0+ 67'F, E7++4*&<(74- 07" | 14<€768 71+ &H +1484/ 107

(3 & '*7, 0+* &H +144/108 +108407" 0O+, 88<4984/ 1 +4' *76*+'  88.4: &6
H76 (8R4 - BB+ ' 414+ O] @0/ ,807<4/ 1 & &H +18B 85+~ +14
' +10814%8. 67.4 O+ * 88 + 0+ < 10.4/ 11+ +1407"' ' [7, +167.40.- .17+ 85, +~ +14
67.4- D* 800.4/ 1 07 </ *+<47,3 +0+ 1.+ +64: +1 < 117 '/ 7, &/ ., 71 +H4,807<47,
9.8% </ 7' % 0/ @O/ ,807<4/ 1 0.@14 / HB1+R@BA4 &4+ J LE7T+ ,&& UYX J//06
UYX3 8K+ O+ BI4RA/1 & - /148 71+ &H +184I1 - ' ,B14 07 '/ 414+
0/@O0/,807<4/10 +19.,/ 1 Uptt- ET+E7+6 .4%'  BH7,+23V 3

& &*+7,6 *&</ 1<+1484/ 1 +1 | @+b1+0.65 76 &- / 148 71+ B ,4+ 08<,/ .6881<+ 07,814
“60.@ ,+ .5+6- 1746< - - +*+- [ 14+*&BH7,+23)' 3 &9&.84/ 1 0+*/ @Hb1+
' +10814%+0.@ ,+ .5+- .1746 &8B- /08%63+' & 71++@/ 1+14+*+0+"' ,+ .+ /,0,+
'& *8E784/1 23 T4*6B+'& ,+H4 "HHX&3 P& && T4 D71+ < 1<+148&4/ 1
1A&+0 [ @HBl+ 4 &47, 0+$#D$[ - HR 1+~ +14.1B, .+7,+ D*&</ 1<+1484/ 1D
*8E7.*:,+0+*/,0,+0+[ - HR D"#{ .0+ "### 3 +667/'H,+60+*&' 7* +/140/ 1<
08D/ - - ¥1<BD< 16/ - - + */ @HB1+3 &</ 16814+ 0+ 9&,.84/ 1 9&7A+14+ # "W\+4
#W- 1Y 17, %66+ 4+ 5+6- .17460+&68: *684/ 1 0+*&' 7+ +3

/v +64*8.< 1<¥14 &4/ 1 +1 | @Hb1+0.60 7687 4~ ' 64 +1- HR °
o A& 1<H1484] 1 148+ +1 | @HB1+0.66 76 +L- FR °
G +64*&</ 164814+ 0+ 9&, .84/ 1 0+* | @Hbl+ +1- .1Y°
4464+ 4~ '6 +1- .1 3
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9/*74/1 07 ' ° 9/*74/1 07 '/ 414+ 0/ @0/ ,807<4/ 1 +4 9/*74/ 1 O+ *&
< 1<+1484/ 1 +1 /| @Hb1l+0.66 76' /7, +6 0.BB,+146"' O+B/484/1 &' WS : ' W[ <
Wo' [+ YB' W'H' 2"

",56 W - .1 0+<10.4/ 11+ +14 *&41+7, +1 | @Hbl+ 848 46%K: *+ D# V- HR ' +10&14
4 746684 +6 0+ </ 10.4/ 11+ +1B +69&+7,6- +67,8+6 & 1.9+&7 0+6 < 1<+1486 0+
B/ 484/ 1,895+1471+ &H +144/ 1 0+*/ @Hbl+0.6d 76 & 0+DO+*&9&+7, .1.4&+ 0+
* 16083 4 &H +H1KRA/1 64", 1<' &+ +H14 84 . 7& *+ D* 88,84/ 1 07 ',/ <808 0O+
BY 4€4/ 13

12 - — - 0,450
—e— pH initial
—o— pH final -+ 0,400
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—a— Eh final -+ 0,350
-+ 0,300
_ S
_g + 0,250
= I
I +0,200 @
L
-+ 0,150
-+ 0,100
-+ 0,050
0,000
12
pH initial
H7,+23V &.84/1 07 "' +407 ( '+10&14*8& + O+ B/ 484/1 +1 B1<4/1 07 ' .1.4& O+

B/ 484/ 1 D71+ < 1<+1484/ 1 .1.4&+ +1 @14 &+ O+ Ut HR

1 97+ 0 .14 84 *& <(.- .+ 046 ' 7* +6 8470.8+6 *& BH7,+ 23X ' ,86+14r 67, 4/ .6
H& (.E7+6 0.8B,+15 6 ,+84/ 16 +14+ 6" && 54+6' (76 <(.- .E1+6 ( ' +4
| @HB1+ 0.65 763 & BH7,+ 23X ' ,86+14 *& 98.84/1 07 ( +1 B1l<4/1 O+ *&
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< 1<¥1484/ 1 +1 | @Bl+ 0.65 763 +6 H& (.E7+6 046 BH7,+6 23X  +4 ' 86+1414
476 6 0+7@*& 98,.84/1 07 ( +1 B1<4/1 07 ' 3 &BH7,+ 23X ' 86+14 ™46
Of 11846 : , 746 +4*& BHZ,+ 23X - / 14+ 71.E/+ +14 6 41081<+6 0+6 0.8, +14:6
08,.84/16 (' 6#1 1688 +60+< 10.4/ 11+ +1B +69&.84/ 16.0+14E7+607 ( +4
O+ * | @HB1+ 0.66/ 76 ' +10814%46 0.@ ,+ .5,46 - 1746 O+ *& 648 *684/ 1 O+ *&' 7* +
11488 </ 1B,- 8+6' & *&</ ,, 884/ 1 , #8409+ +14*188,,+/: 417+ .108 +108 - +1407

' BH7,+23X 3 (&10+ "#HV &6214 8468*+6< 11868146 67, *+' [ 414+ 80/ @
0 71+ 7% +- .18 &++1 , 84/ 1 80+<*+' | <808 O+ B 484/ 13 * & 8B - / 148 E7+ 0816
6 6266 +6 88,86 *+ '/ 414+ O/ @O0/ ,807<4/1 +64',.1<' &~ +14 < 14;%8 ' &

* | @HB1+43

8E784/ 1 O+ 07 47 % 80/@ -R- SE784/1 23K & <1B,- 8 *&
08<,/ .6681<+ 07 ' / 414+ 0 / @O/ ,807<4/ 1 6+ 1 *&' 466/ 1 ' & 4+*+ +1 | @Hb1+ -
+ 164 "U

_owe##U YH o o\ #HY PR3 ¥c

/v A+ [ 414+ 0/ @0/ ,807<4/ 1 D* 8E7.*%.. ,+ +1
4 T4 [ 41440/ @O0/ ,807<4/ 168108007 <4 7'+ R+ +1
b AR B 1 & AP+, RA9++1 | @HBL+ 6816718
YA 6807 THE.4- + 0+ &< 1<t1484/1 0+, /41 +1 6 *74/1 6816
71.8

+ +108&14 *+ </ HB<+140+9&,.84/ 1 HD8, .- +14& BH7,+23X  8&4' *74 4" [ (+0+
HHSH +1 67" '/ 64T+ 4 ' B &M+ H4T1+" 66/ 1 O+ H8l < 164146 0816 *& 6 *74/ 1
<+ E7. +64 1+44~ +14' *76 8498 E7+ *& 9&+7, O+ ##U' [ 417+ &O+< * 8E7&4/ 1 23 K3

&/4+6 46 546 ' +79+140/ 1< ] 4+ .- ' *E78+6 0816 * 8E7.*.: ,+ 0 / @0/ ,807<4/ 1 0+ *&
',86+14-8470+3 &0 +4J //06 U YX [ 14/ : 6+,98 +6 HBH 0+ &< 1<+14 84/ 1 4 &+ +1
B, 67, *&- +67,+ 07 ( +L',86tl<+0/@Hb1+3 ' ,56 WF - .1746 O+ 64 .*684/ 1 O+
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</ 10.4/ 11+ +14+4* 84& +0+Bf 484/ 1

(1 B 1<4/ 1 0+*&< 1<+1484/ 1 +1 | @Hb1+0.66 76 89+<* [, . +14&R4/ 1 0+ <,/ .6681<+ 07 4~ ' 6
0+4_#-.19+64_W- .1 BS(+'/.14%8+ I/ 1+0+* 84K +0+ B/ 484/ 1 +*' 6+'/.14%8+
&@0.BB +146' O+B/4R4/1 &' WS : ' W['<' WOo' ['+' YB' W'H

2" BH& -+ (' #4 BHE& -+ (' &O6'+'/64/10+61/ 1460+ 6& *B
0+6 46 5<+607 B, +1. 6§ *74/1 '/ 7, *+6 0.HB,+14:6 8& +6 0+ </ 10.4/ 11+ +14 64 *684/ 1 O+ *&
"T7T*+ BS(+6 '/.1478+6(&( 7,86 *+ < 10.4/11+ +14 07 Bo<(+6 (&(7,8t6 *+
< 10.4/ 11+ +14 +1 < ®4<4r7, B5(+6 ' *h1+6 +4 *84& + 0+ B/ 484/ 1 B5(+6 '/.14%8+6 D
0.9+6+ 0O+B/4®4/1 &' WS : ' W[ <' WOo' ['+' YB' W'H' 2"

"¢+ %+ 414+ 0/ @O/ ,807<4/ 11 &' *76 88 < 14;*8"' & * | @Hbl+ 0.65 76 <&, 6%
< 1<+1484/ 1 88.44/" : &6+ +1 0+66 76 0+#$ - HR 0/ @Hb1+0.69 76 3 & 6?14 56+
O+ (&10+ "#V +@*Er+ .+l E7+l *&6Hl<+ 0/ @Hbl+ *+ '/ 414+
0/ @0/ ,807<4/1' +74]4+</14;8' & *+' 3 +69&.84/16 (' /14< 1B,- 8 <+l
HD* <84/ 1 +1 - /14814046 9&.84/ 16 </ - ' *H@6 07 ' [ M4+ &< ™' O+*&' 7% +
BH7,+23X 3 /7, 6- '*B+ **0.8H& - + H+H@A&,+*+69&.84/16 (' BE7&+
8B +6 0+6 16686 64 .*684/ 1 0+*&' 7* + </ 10.4/ 11+ +1407' < 10.4/ 11+ +14+1
< PH<AT, +4 B 48411 |14 88 *7648+6 7T1.E7+ +14' & 0+6 BS<(+6 8&9+< 0.HB, +156
BH7,86 BH7,+23)X 3 +6+160+6B5<(+6.10.E7+*+6+160 89/ *74/ 1 0+*&,+84/ 1 (
' 8O M4 ' 60+<10.4/ 11+ +140+*8R 43 +<(/.@0 71,&'/,4 + R+ _ URM
& 8B R4+ < 1B ,- .B 8+< *+6 81&?6+6 <( .- .E7+6 07 B, +1 G *74/ 1" ,86+18B+6 ' *76
% .1 D*&BH7,+ 2383 &'/64/10+*&B/145+ +°R+  .°07 0.8H& - +0+' (8&6t6
O+*&BH7,+23X 98 .++1B1<4/107 ,&'/,4 +R+ 3 +,&'/,4 + R+ &0/1<88
<(/.6.0+- &1.5+ DR, + < €l<0+ *6' +4 ( - 467,86% ,6 0+ * &1&?6+ <( .- .E7+07
B, +1 6 *74/ 1 8+<*&B/ 145+ +°R+  .°3

81678 BH7, + 23X  * 8B + 0+ 648 684/ 1 0+*&' 7% +1 &' ,86+1B &7<71+ 9& .84/ 1
8O<*' - - +' BBO+ - +14/:6+98+ BH,+23NV 3 1 <+E7. </ 1<+ 1+ 6 8% +6
0+</ 10.4/ 11+ +1407'  +407 < *4<47, 4/ .68 +60+</ - ' | 4~ +140816* 89/ *74/ 1
' (6141 & M6
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64660+ B/ 44/1 D' W [ H4Y/14- /148 0+6 89/ *74/ 16 .0+1AE7+6 O+ *&
el (! BH7,+ 23X #0686 < 0 ¥4 +3 /7, t6'  *8& + O+
< 10.4/ 11+ +1407 ' & 8B <&&MB,.63+'& 71+ &H +14K4/107 (3 7,84
* 8 +0+<10.4/ 11+ +14+] < *<be7, 71+ &H +1&84/ 107 ( 864 <8+D71+
BHb,+ 0.- .174/1 07 ' &8B/:6+983 +6 0+7@89/ *74/16/14*&B,- +0 71
*& 0&e &+<*+6' /. 1460+6B5<(+69+6*+ (&4

&B/48A/I1 D' W&- /14871 0+7@6- + &#' + 0+ </ - '/ 4~ Y188 +6 0+7/@
8& +6 0+ <10.4/ 11+ +1407 '+ 07 < <7, |14 < 117 71+ 89/ *74/ 1
' & &5+ 0+ *& 84/ 1 (' &H +1&4/1 07 ( &+< &H +144/1 07’

BH7,+23X B’

+ 4640+ B/ 484/ 1 D' 2&',86t1B 714/ .65 + & +0+< - '/, 4 +140816
HE7H M6 8 +6 0+ </ 10.4/ 11+ +1407 © 07 </ <47, [14- /148 71+
89/*74/1' &&%5+ 0.- .174/107 ( &< &H +144/107' BH7,+23X
H3

1& 6¥1<+0 / @HB1+ *&9&+7, 07 ( +64.1B7+H1<8+'& *+,&"'/,4 + R+ +1/1
'8, & <J1<Hl48411 48+ +1 B, &0 +#4J//06 UYX (&0+ "##V3 &
67 +'/64/10+698.84/16 (' &H<*+08H& -+ (' 0+68<8/107 B, +1
§*74/1 & - 1148 *& <,,+6 /10&1<+ 0+6 4/.6 <-'/,4 +1%6 0.BHB +l5H 08<.5
',8<80+ - +1480+<*6 0/ - &1+6 0+ 648 *B 0+ 4/ .6 +6 5<+6 07 B, +1 - *+7 SET+HI@B

6" O+ B/4BAI1 2" HAW' &16 E7+* H/ 7 + 806+~ :*&14*6 <1E &4+6' O+
B/ 484/ 1 </ ,,+6 / 10+14 ,46 +<A9+ +14&7 0/ - &1+ 0+ 68 *B O+ +° + .°+4
+ 3 R J1B,- +* .- '/, BI<+0+*&<( .- .+07 B, 0816*+ </ 14; *+0+6 < 10.4/ 16
0/@0/,807<4/ 10 71+"' 7% +- .18,&+3

8 +0+<10.4/ 11+ +1407"' 6+ :™*F7+ 71 ,;**+ <t14& 0816 *&,88<4984/ 1 0+6
678,46 +4 0816 *& B 484/ 1 O+ *& ' ?,.43 Bl 0+',8<6+ *.1B7+l<+ 07 ' 6/, 6
67, B<46 0+*&"' ?,.4 *&<(.- .+ 0+*8& +0+ < 10.4/ 11+ +1407"' & 8B &1&?63+' &
71 &4+ 464 *- B<+tiB.6< &@BK +60+64& .*684/ 1 +40+< 10.4/ 11+ +1407" 3
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" # (HLB1<4/107 9*7- +<7- 78 0 &0+ 67", .E7T+ & ++1 G *74/ 1 +49*7- +
<T7- 780 &0+ &F 7B+ B1<4/1 07" 0+,884984/ 1 +4 LH& -+ (' 0+60/118+6 0+
,88cA9841 1 80+< 67" +,' [ 6.4/ 1 0460/ - &1+60+64 .*B0+6+6 5<+607 B, +1 6 *74/ 1
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&BH/,+ 238 ' ,86+14 *+69&.84/ 1607 ' +407 ( +1 B1<4/1 0+* & 74H &7+
0 &0+6r'8, . E/+3 +/@/1+6/ 1488 1/ B+6 *+6' ,+ .5+6H 74460 &0+ 6/, .Er+
[ 14+148K8 71+ 08<,/ .6681<+,& .0+ 07 ' +1 &4 <&4/ 1 O+ 71+</ .6681<+,& .0+ 07

(3 7.6 +LO+66/ 760+' W & O+66760+ ( _#"$#  *&08</.6681<+07' &16
Er+*&</.6681<+07 (/1488 ,&+14+6 BH/,+2386 3 &BH7,+238 &G+ : *+*6
&1&?6t6 .- .E/+6 O+ *& @ *74/1 O+ *& ' 7* + 6/.4 D71+ B*4&4/1 ,8&.63+6'/7,
0.BB +146' 0+,884984/13 &< 1<t1484/1+1 /1 <&<7- 6P/ 1*' &- 14871+
89/ *74/ 1 6.- *&,+&@8F 7560 & 0+ 67, .E7+18<+6&,+6" / 7, &4.10,+71"' 0/ 1183

+6 ./16 <&<7- +1 §*74/1 4 * & 740 &0+ 6/*F,.E7+ 0+ ,88<4984/1 6 14 0/ 1<
P86 & H14 '8 *& 0.66*74/1 071 <-'/68 '/, 47, O+ <&<T7-3 &
J 1<H484] 1 H1 <&<7- &&H 1B 6HL.B<89+ +14' /7, 0+6' .1BB,.+7,6 DWH3 +
| &HAGBH H140+*&08</ .6681<+ 07 ' &O<* & 740 &0+ 67, .E/+ & 88 &1 <8 &
FEHSHE O+ <&<7- +1 @*74/1 '& 71+ +6 5<+ '/ 476+ 0+ <&<7- +@B (&@
(70,88+3 10+66/ 76 0+' 2 B, 4 & &8B &6 &1&?B H4&' +,- .60+- +4++1
89.0+1<+ 71+ 1+ &/H H1RA/1 O+ 6& </ 1<+1484/1 +1 6 *74/1 BH/,+ 2386 3 +6
0/118+6 (' /1488',/>B+60&16*+0.8H& - +0+6 8<8&4/107 B, +1 6§ *74/ 13 +6
B/ 145+6 0+6 0/ - &1+6 0+ ' ,80/ - .1&1<+ 0+6 +6 5<+6 07 B, +1 & *74/ 1 08 +10+1407
&'1,4 + R+ 1 & - +¥14*& B/ 145+ +°R+ °3  &16 <+ + ,86+14%4/ 1
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