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65"''$ %2$%!637%8%9!6: %
65"''$'%2$%!637%; <%* <%8%9!37:%

=().$%2$%5>.?)$(@$%A%B%C$()$'%

D'"#$%2$'%-"5-(5"E)4-$'%A%"(E1)4'. %

F"??$5%A%D0$%?).'$0E"E410%'14#0.$%$'E%$G4#.$%H%)%&!,$3(#&%&!4(+5%#6!76,%!89&6+:+$%&%9"@$-%'(#'+&+(# :%
$E%5$'%?)40-4?"(G%).'(5E"E'%214@$0E%IE)$%$0-"2).'J%

I  : Complexes  oxalatofer  
+$%#)"?C$%-4K2$''1('%2100$%5$%24"#)"LL$%2$%24'E)4M(E410%2$'%$'?N-$'%?1()%5>410%!" ! ! %$E%5$'%-1L?5$G$'%
1G"5"E1O$)%9777:%$0%O10-E410%2$%! ! ! ! ! ! − !"# ! ! O!

! ! J%

%

/;  P-)4)$%5"%O1)L(5$%2$%+$Q4'%2$%5>410%1G"5"E$%91(%.EC"0$241"E$:%! !! !
!! J%61LM4$0%L$'()$KEK10%2$%

510#($()'%2$%54"4'10'%6R%24OO.)$0E$'%2"0'%-$E%410%S!

-;  T 10E)$)%U($%5>410%1G"5"E$%$'E%(0%54#"02%M42$0E.J%F$?).'$0E$)%2"0'%5>$'?"-$%5$%-1L?5$G$%1V%5$%O$)%
$'E%C$G"-11)240.%9"#!$%&'()#"'!$"*!#"("$+,$!-++./",('"01$!(2!,"01(2!/2!-('"+,!-1,'.(# :J%61L L$0E%
01E$KEK10%-$%-1L?5$G$%$E%W%U($55$%-1()M$%2(%24"#)"LL$%2$%24'E)4M(E410%-1))$'?102 K45%S!

<;  72$0E4O4$)%E1(E$'%5$'%-1()M$'%2(%24"#)"LL$%2$%24'E)4M(E410J%X0%2.2(4)$%5$%24"#)"LL$%2$%
?).21L40"0-$%2$%-$'%-1L?5$G$'<%"40'4%U($%5$'%-10'E"0E$'%2$%O1)L"E410'%'(--$''4@$'J%
3(441#!5%+"%-10'E"0E$%2$%O1)L"E410%'(--$''4@$%𝐾!" %2>(0%-1L?5$G$%$'E%5"%-10'E"0E$%2>.U(454M)$%2$%
5"%)."-E410%O1)L"0E%5$%-1L?5$G$%-1L?1)E"0E%!%54#"02'%W%?")E4)%2(%-1L?5$G$%$0%-1L?1)E"0E%𝑖 ! 1J!

R0%24'?1'$%2>(0$%'15(E410%93:%2$%'(5O"E$%2$%O$)%9777:<%!" ! !" ! !<%2$%-10-$0E)"E410%! ! = ! !!"! !!"#$%!!J!

0;  =.E$)L40$)%5"%0"E()$%$E%5"%-10-$0E)"E410%2$'%410'%U($%-10E4$0E%-$EE$%'15(E410%93:J!

R0%?).5N@$%𝑉! ! 10,!   !" %2$%'15(E410%93:%$E%10%,%"Y1(E$%! ! ! !" ,! !!" %2>(0$%'15(E410%2>1G"5"E$%2$%
'124(L%!" ! C!! ! %2$%-10-$0E)"E410%𝐶! ! 0!040  mol⋅L!! J%R0%"#4E$%Y('U(>W%5>.E"E%2>.U(454M)$J%

2;  72$0E4O4$)%5"%)."-E410%L12.54'"0E%5$%L4$(G%5"%-1L?5$G"E410%U(4%'>$'E%?)12(4E$%$E%2.E$)L40$)%5"%
-10-$0E)"E410%2$'%$'?N-$'%010%0.#54#$"M5$'%W%5>.U(454M)$J%Z4'("54'$)%5>.U(454M)$%'()%5$%24"#)"LL$%
2$%?).21L40"0-$J%

=;  !")L4%5$'%-1L?5$G$'%$0%-10-$0E)"E410%0.#54#$"M5$<%5$U($5%"%5"%-10-$0E)"E410%5"%?5('%.5$@.$%S%
6"5-(5$)%-$EE$%-10-$0E)"E410J%
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II  : L Õaluminium au quotidien  
+>"5(L404(L%$'E%5$%L.E"5%5$%?5('%(E454'.%'()%5"%?5"0NE$%"?)N'%5$%O$)<%#)[-$%W%'"%#)"02$%24'?104M454E.%9\]%
2$%5"%L"''$%2$%5"%-)1^E$%E$))$'E)$:<%'"%O"4M5$%2$0'4E.<%'"%M100$%-102(-E4@4E.%.5$-E)4U($%$E%EC$)L4U($_%
+"%?)12(-E410%L1024"5$%?)1#)$''$%-C"U($%"00.$<%"EE$4#0"0E%&``%E100$'%?")%Y1()J%

R0%'>40E.)$''$%4-4%W%2$(G%"??54-"E410'%M4$0%?")E4-(54N)$'%2$%-$E%.5.L$0E%A%5$'%?45$'%"5(L404(La"4)<%210E%
5>$L?514%$'E%$0@4'"#.%?1()%5"%?)1?(5'410%2$'%@.C4-(5$'%.5$-E)4U($'<%$E%5$'%@"--40'%-10E$0"0E%2$%
5>"5(L404(L%9777:%-1LL$%"2Y(@"0EJ%

=$'%2100.$'%(E45$'%'10E%)"''$LM5.$'%$0%O40%2>.010-.J%

";!> ?*)9@+#+9@!'(@@%!&(9,'%!4?$#%,A+%!
=$?(4'%U($5U($'%"00.$'<%5$'%?45$'%"5(L404(La"4)%'10E%2$'%'1()-$'%2>.0$)#4$%W%5>.E(2$%?1()%5"%
?)1?(5'410%2$'%@.C4-(5$'%.5$-E)4U($'J%6$EE$%E$-C0151#4$%)$?1'$%'()%5>"''1-4"E410%$0%'.)4$%2$%?5('4$()'%
24b"40$'%2$%-$55(5$'J%6C"U($%-$55(5$%?$(E%IE)$%2.-)4E$%2$%O"c10%'4L?54O4.$%A%

K%+$%?d5$%e%-1))$'?102"0E%W%5>"012$<%$0%"5(L404(L%L.E"554U($%f59':%
K%+$%?d5$%g%-1))$'?102"0E%W%5"%-"EC12$<%1V%'$%?)12(4E%5"%).2(-E410%2(%241G,#N0$%RB9#:%"??1)E.%
% $0%-10E40(%?")%-4)-(5"E410%2>"4)%"LM4"0E%

D0%.5$-E)15,E$%M"'4U($%"U($(G%"''()$%5"%Y10-E410%$0E)$%5$'%2$(G%-1L?")E4L$0E'J%+"%E$L?.)"E()$%2$%
O10-E4100$L$0E%$'E%2$%*`%h6J%+$'%-1(?5$'%)$21G%'10E%5$'%'(4@"0E'%A%

K%f59Ri: j9': af59':%A% f59Ri: j9': %g%j$K%k%f59':%g%jRiK9"U:% ! !! ! ! ! !!" !! %

K%RB9#:ai BR95:%A% RB9#:%g%BiBR95:%g%l$K%k%lRi K9"U:% ! ! ! ! +! !!" !! %

! ! ! %$E%! !!%'10E%5$'%?1E$0E4$5'%'E"02")2%W%!" ! !" %$E%W%!"# %2$'%-1(?5$'%L4'%$0%Y$(J%+>.U("E410%2$%
)."-E410%L12.54'"0E%5"%E)"0'O1)L"E410%-C4L4U($%U(4%'$%?)12(4E%51)'U($%5"%-$55(5$%2.M4E$%$'EA%

lf5 9': %g%jRB9#:%g%*i BR95:%k%l%f59Ri: j9': %

/;  =.E$)L40$)%5>$G?)$''410%2$%5"%-10'E"0E$%2>.U(454M)$%! !%"''1-4.$%W%-$EE$%)."-E410%W%?")E4)%2$'%
?1E$0E4$5'%'E"02")2%! ! ! %$E%! ! ! %$E%2$'%-10'E"0E$'%"??)1?)4.$'J%m"4)$%5>"??54-"E410%0(L.)4U($%$E%
-1LL$0E$)J%

-;  +$%-1L?")E4L$0E%"0124U($%-10E4$0E%404E4"5$L$0E%!" !0!! %2>"5(L404(L %A%-"5-(5$)%5>"@"0-$L$0E%
L"G4L"5%2$%5"%)."-E410J%X'EK45%?1''4M5$%EC.1)4U($L$0E%U($%-$E%"@"0-$L$0E%L"G4L"5%'14E%
)4#1()$('$L$0E%"EE$40E%S%n($%'$%?"''$KEK45%"51)'%?1()%5"%?45$%S%

<;  X0%)."54E.<%$0%O10-E4100$L$0E%01)L"5<%5>"@"0-$L$0E%L"G4L"5%0>$'E%?"'%"EE$40EJ%X0%L1,$00$<%(0$%
-$55(5$%2.54@)$%(0$%U("0E4E.%2>.5$-E)4-4E.%n%k%B<&J&`; %6%"40'4%U(>(0$%40E$0'4E.%2$%*<;%fJ%X0%2.2(4)$%A%

K%5"%2().$%2$%O10-E4100$L$0E%2(%24'?1'4E4O%9$0%C$()$':%H%
K%5$%?1()-$0E"#$%2>"5(L404(L%010%-10'1LL.%H%
K%(0$%$'E4L"E410%2$%5"%?(4''"0-$%2$%5"%-$55(5$%9$0%"2L$EE"0E%U($%5"%E$0'410%2$%
O10-E4100$L$0E%)$'E$%@14'40$%2$%5"%E$0'410%W%@42$:J%

B;!C,$&%#'%!4?*)9@+#+9@!DEEE;!4*#&!9#!5*''+#!
+>"5(L404(L%9777:%$'E%(E454'.%-1LL$%"2Y(@"0E%2"0'%5"%?5(?")E%2$'%@"--40'%9E.E"01'<%-1U($5(-C$<%C.?"E4E$%
o%JJJ:J%310%)d5$%$'E%2>"-E4@$)%5"%?)12(-E410%2>"0E4-1)?'J%6$?$02"0E<%(0$%'()21'$%2$%-$%L.E"5%?$(E%'>"@.)$)%
01-4@$%?1()%2$'%?$)'100$'%O)"#45$'J%75%$'E%210-%4L?1)E"0E%2$%'"@14)%'1('%U($55$%O1)L$%'$%E)1(@$%
5>"5(L404(L%2"0'%5$'%@"--40'%"O40%2$%?1(@14)%5$%21'$)J%

F+*A,*@@%!3(6%#6+%)G3H!4%!)?$)$@%#6!*)9@+#+9@!

D0%$GE)"4E%2(%24"#)"LL$%XK?i%2$%5>.5.L$0E%"5(L404(L%$'E%E)"-.%-4K2$''1('<%"@$-%(0$%-10-$0E)"E410%2$%
E)"-.%.#"5$%W%&<`J&`Kj %L15J+K&J%
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%
3H!
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%
%
611)2100.$' %A%
" %A%9`<`%H%! 1!!" :%
B%A%9l<j%H%! ! !!" :%
%
%
%
%
%

+$'%E)14'%b10$'%2(%24"#)"LL$%)$?).'$0E$0E%5$'%21L"40$'%2$%'E"M454E.%2$'%$'?N-$'%A%f59':<%f5jg 9"U:%$E%
f59Ri: j9': J%

0;  =.E$)L40$)%5$'%01LM)$' %2>1G,2"E410%2$%5>.5.L$0E%"5(L404(L%2"0'%5$'%$'?N-$'%'(4@"0E$'%A%f59':<%
f5jg 9"U:<%f59Ri:j9': J%X0%2.2(4)$%U($55$%$'?N-$%-1))$'?102%"(%21L"40$%0hjJ%

2;  n($55$%$'E%5"%0"E()$%2(%-1(?5$%U($%-10'E4E($0E%5$'%$'?N-$'%2$'%21L"40$'%0h&%$E%B%S%72$0E4O4$)%(0%
2100$()<%(0%"--$?E$()%$E%(0$%?")E4-(5$%.-C"0#.$J%=.E$)L40$)%U($55$%$'?N-$%$'E%2"0'%5$%21L"40$%
0h&%$E%U($55$%$'?N-$%$'E%2"0'%5$%21L"40$%0hBJ%

=;  =.E$)L40$)%'4%-C"-(0$%2$'%O)10E4N)$'%2$%-$%24"#)"LL$%9&aB<%Baj%$E%&aj:%$'E%(0$%O)10E4N)$%
2>$G4'E$0-$%1(%(0$%O)10E4N)$%2$%?).21L40"0-$J%

I;  =>"?)N'%5$%24"#)"LL$<%)$E)1(@$)%5"%@"5$()%0(L.)4U($%2(%?1E$0E4$5%'E"02")2%Xh&%2(%-1(?5$%
f5jg 9"U:af59': J%

D0%@"--40%$'E%(0$%'15(E410%"U($('$%2$%?i%?)1-C$%2(%?i%'"0#(40J%+$%'"0#%$'E%(0%L.5"0#$%-10E$0"0E%
01E"LL$0E%2$%5>"-42$%-")M104U($%i B6Rj9"U:%$E%2$'%410'%C,2)1#.01-")M10"E$%$0%-10-$0E)"E410'%
L1,$00$'%)$'?$-E4@$'%`<``&l%L15J+K&%$E%`<`B8%L15J+K&J%

J;  =>1V%?)1@4$00$0E%5$'%$'?N-$'%-")M10.$'%?).'$0E$'%2"0'%5$%'"0#%S%

K; X0%-10'42.)"0E%5$%-1(?5$%i B6Rj9"U: ai6 Rj K9"U:<%2100$)%(0$%@"5$()%2(%?i%2(%'"0#J%

/.;  X0%2.2(4)$%'1('%U($55$%O1)L$%10%E)1(@$%5>"5(L404(L%9777:%2"0'%5$%@"--40J%

L+6,*A%!4%!)?*)9@+#+9@!DEEE;!

D0$%L.EC12$%?1''4M5$%2$%E4E)"#$%2$%5>"5(L404(L%9777:%$0%'15(E410%"U($('$%-10'4'E$%W%"-424O4$)%5"%
'15(E410%W%E4E)$)%?")%2$%5>"-42$%-C51)C,2)4U($%"O40%2$%-10@$)E4)%5>"5(L404(L%9777:%$0%410'%f5jg 9"U:J%!(4'<%10%
E4E)$%-$EE$%'15(E410%"-424O4.$%2>410'%f5jg 9"U:%?")%2$%5"%'1(2$J%+$'%L$'()$'%'10E%)."54'.$'%W%(0$%
E$L?.)"E()$%2$%Bp\%qJ%

r4E)"#$%&%A%E4E)"#$%2>(0$%'15(E410%2>"-42$%-C51)C,2)4U($%sij Rg9"U:%g%65K9"U:t%K%!)1E1-15$%A%
D0%@15(L$%Z` %k%B`<`%L+%2>(0$%'15(E410%2>"-42$%-C51)C,2)4U($%si j Rg9"U:%g%65K9"U:t%2$%-10-$0E)"E410%
L15"4)$%6&%$'E%E4E).%?")%(0$%'15(E410%2$%'1(2$%su" g9"U:%g%RiK9"U:t%2$%-10-$0E)"E410%6%k%`<&`` %L15J+K&J%+$%
E4E)"#$%$'E%'(4@4%?")%?iKL.E)4$J%+"%-1()M$%$'E%2100.$%'()%5$%21-(L$0E%-4K2$''1(' J%
%

/ ! - !

<!



!"#$%l %'()%* %

%
M5()96+(#!49!3H!)(,&!49!6+6,*A%!4?9#%!&()96+(#!4?*'+4%!'N)(,NO4,+P9%!DQ/ ;!3*,!4%!)*!&(94%!DQ;!

%

//;  F"??$5$)%U($55$'%.5$-E)12$'%45%O"(E%(E454'$)%?1()%L$'()$)%5$%?i%2>(0$%'15(E410J%

/-;  P-)4)$%5>.U("E410%2$%)."-E410%L4'$%$0%Y$(%51)'%2$%-$%E4E)"#$J%

/<;  =.E$)L40$)%5$%@15(L$%.U(4@"5$0E%Z$%W%?")E4)%2$%5"%-1()M$J%X0%2.2(4)$%5"%@"5$()%2$%5"%
-10-$0E)"E410%L15"4)$%6&%2$%5"%'15(E410%2>"-42$%-C51)C,2)4U($J%

/0;  +>.U(4@"5$0-$%"()"4E%?(%IE)$%)$?.).$%W%5>"42$%2>(0%4024-"E$()%-151).%"-421KM"'4U($J%X0%@1('%"42"0E%
2(%E"M5$"(%-4K2$''1('<%?)1?1'$)<%$0%Y('E4O4"0E<%(0%4024-"E$()%-151).%"2"?E.%W%-$%E4E)"#$%$E%?).-4'$)%
5$%-C"0#$L$0E%2$%-1(5$()%1M'$)@.J%

E#4+'*6%9,!'()(,$!*'+4( G!
R*&+P9%!

Q(9)%9,!4%!)*!:(,@%!
*'+4%!

S(#%!4%!
5+,*A%!

Q(9)%9,!4%!)*!:(,@%!
R*&+P9%!

o5$(%2$%M)1L1?C.015% /"(0$ % j<`%K%l<*% Z415$E%
i.54"0EC40$% F1(#$% j<&%K%l<l % /"(0$ %
Z$)E%2$%M)1L1-).'15% /"(0$ % l<`%K%;<*% o5$(%
o5$(%2$%M)1L1EC,L15% /"(0$ % *<B%K%8<*% o5$(%
!C.015?CE"5.40$% 70-151)$% \<`%K%&`<`% F1(#$%

%
r4E)"#$%B%A%E4E)"#$%2>(0$%'15(E410%"-424O4.$%2>410'%f5jg 9"U:%K%!)1E1-15$%A%
D0$%L"''$%! %2$%-C51)()$%2>"5(L404(L%C$G"C,2)"E.%f565j <*i BR%'1542$<%$'E%?5"-.$%2"0'%(0$%O415$%Y"(#.$%
2$%Z` %k%B`<`%L+J%R0%"Y1(E$%(0%?$(%2$%'15(E410%2>"-42$%-C51)C,2)4U($%si j Rg9"U:%g%65K9"U:t%2$%-10-$0E)"E410%
L15"4)$%6&J%R0%"#4E$%Y('U(>W%24''15(E410%E1E"5$%2(%'1542$%?(4'%10%-1L?5NE$%"@$-%5"%LIL$%'15(E410%
2>"-42$%-C51)C,2)4U($<%Y('U(>"(%E)"4E%2$%Y"(#$J%
+>.U("E410%2$%)."-E410%2$%24''15(E410%2(%'1542$%$0%L454$(%"-42$%$'E%5"%'(4@"0E$%A%
f565j <*i BR9':%v%f5jg 9"U:%g%j65K9"U:%g%*iBR95:J%R0%"??$55$)"%93:%5"%'15(E410%1ME$0($J%="0'%-$EE$%'15(E410<%10%
01E$)"A%
K%6&%5"%-10-$0E)"E410%L15"4)$%$0%410'%ij Rg9"U:%
K%6B%5"%-10-$0E)"E410%L15"4)$%$0%410'%f5jg 9"U:J%
+$%@15(L$%Z` %k%B`<`%L+%2$%'15(E410%93:%$'E%E4E).%?")%(0$%'15(E410%2$%'1(2$%su" g9"U:%g%RiK9"U:t%2$%
-10-$0E)"E410%6%k%`<&``%L15J+K&J%+$%E4E)"#$%$'E%'(4@4%?")%?iKL.E)4$J%f(%-1()'%2(%E4E)"#$<%10%)$L")U($%
5>"??")4E410%2>(0%?).-4?4E.%M5"0-J%



!"#$%; %'()%* %

%
M5()96+(#!49!3H!)(,&!49!6+6,*A%!4?9#%!&()96+(#!'(@3(&$%!4?9#!@$)*#A%!4?*'+4%!'N)(,NO4,+P9%!DQ/ ; !

%6!4?+(#&!")<TD*P;!DQ- ;!3*,!4%!)*!&(94%!DQ;!D6+6,*A%!-;U!
>*!'(9,R %!49!6+6,*A%!/!*!$6$!&93%,3(&$%!%#!3(+#6+))$&!

%

/2;  P-)4)$%5$'%.U("E410'%2$'%2$(G%)."-E410'%'(--$''4@$L$0E%L4'$'%$0%Y$(%51)'%2$%-$%E4E)"#$%$E%)$5$@$)%
5$'%2$(G%@"5$()'%2$%@15(L$'%.U(4@"5$0E'%Z$5%$E%Z$BJ%

/=;  =100$)<%$0%L+<%5$%@15(L$%2$%'1(2$%U(4%"%)."#4%"@$-%5$'%-"E410'%f5jg 9"U:J%X0%2.2(4)$%6B%5"%
-10-$0E)"E410%L15"4)$%$0%410'%f5jg 9"U:%2"0'%5"%'15(E410%93:J%

/I;  n($55$%L"''$%𝑚%2$%-C51)()$%2>"5(L404(L%C$G"C,2)"E.%"%'$)@4%W%5"%?).?")"E410%2$%5"%'15(E410%93:%S%

!")%5>$G?514E"E410%2(%?140E%"0#(5$(G%=<%10%'1(C"4E$%)$E)1(@$)%5"%@"5$()%2(%?)12(4E%2$%'15(M454E.%! !%2$%
5>C,2)1G,2$%2>"5(L404(L%f59Ri:j9': %9F"??$5%A%𝐾!%$'E%$'E%5"%-10'E"0E$%2>.U(454M)$%2$%5"%)."-E410%
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