® L
& i ] - - - A
5 ' d o "
" = ] L
7 . % '_ " - a-\.,+-:
- LY
0 v L W "
i . R
3
¥ . X 4
¥ "
¥ . = % .
L] "
i ' .
> L]
- %
L T -
[ ™ -
¥ .
- .
= » "
! w
L |
u
L.
1 L} - - h 1
T O N = WEIOROIN T e s
= 5 o b . - Thp B e e ¥ - - e AR o g
' » R - T o Wiy BUR N " " = wy e [ e
‘ " . A Ex _RRE k F . - . . ' a AL A ot ke i iy e TLSIL b :"'.1‘*:_','1-‘ o :""-
- ‘a - = gy o ! . ~ " s " e - ... o, - T b T i iy e i ?-"" .: . F:‘h -] -
F E " " @ - - X . T i - 3 5 m [y z e - - .
g - % e - " - L T o a ". -. -y ~ i ’ “- [ _'\..‘:. . S mr oy “h.. .';- e - .'\_‘ _
" * B b ! " ’ = " - - B R s L A i - L P -H"‘L,L*l-t- i Vi
! LS - L L o ‘_ ' _ L] L L " - rm -'_ - H § m " - "l“ il l_“. h_- 1 i
i 3 . Wy . e . Ly e . % X . , TR P S . S _-'I.':“ = - S i o .1"_{‘1 . WO
- | : e : e = i~ L W CAE T e RS E S o et
. = & - 1 ] = 1 & : (] . ] e o
. * L - - - e . - 4 - - - E 5 ‘: - & r b ! A 1-.|. i
f s W o o - -'I = ‘._ e -._- e e e S BN i el "'l: 2 ﬂ_ . ir - s i i s
" " - & ] N - L - LN o . - -q'l' - L ] T Ty g T _...-!-. ¥
' = a - = ; » 4 s - . : — P e - ] - -
. & L L Nl - T “ \ _— ' - e T
i Ll ' s Py W L s . - L] " i T e T, o R0 - . T " s T - o =
. - - " . - - LY - i -
& s - . - R et - £ Ty oy - A .= ﬁ_ L s T e ST R T
. R _ % - A e % . .- = - - P N h"_..‘- = T 'J'_u.-. s i
"‘ E : 3 ks : . % . . : - - i . . { =gt R iy LSl T ; e - T .
3 ! » K g I % £ 3 - g A ..‘1- - | T . - .“"_ﬁ... .‘.'-' = . -
¢ . : . . i. L= o _. 3 e = . { = - = - L } ; Ly "r%‘i o = L™ » - L H ey
. = - - 5 ‘# . . i - - i N
- - g ——— o y . -n-l e - > -.-. t 1' 4 ﬁ o ol ";q'.‘ - r 2 b t '-i! e P - : — -] . T ey, s - " = ki = "] Al g
r | 2 - ‘ q r : ] ..‘lu & - o’ - ] . ! - .- . B . el b < Ihl"-l: - R bt -y 1. : T - g X ‘H: : P-- 1*# e - - AL I"‘-'-' . L- = Sl re - L s s = o o o
= -4 = 1 ﬂ'. w B -"" . F I‘a_ L TR 1 . 4 ‘me e - el b = *ﬁ- - 4'.. - e - o - "_' ,.\._-IF-' - é‘w . i ¥ --‘... . f e oy = ™ ey T
- . L] kS - - ' e L ki . o gt R z . 5 E . - g P =, = ; i ' . = - T - =z - . P 3
- e i ) e v ; i % - T Tr wxl I - -“g. 1 . “.l 1 ™ 5 . T 3 e - e - 1 - -\-T v ;
" - L | » - i LU . B = =R | - : - - N " - B s { o R . - i
. -:\ i Rt W i L J.l al sl = ":h et ik IL - ’H_ M .-h .‘::- ...rm: - .I* 1%. W'WE Lh‘h L & E‘?,‘i '-";-
PN i R - 'k - = R L L L T Rl o el i 2 L Ty TR T P S R . R s - - = i = M, - -
W - = - Wi B 'u ' -" b B 5, ¥ J . ’ A L] ] 7, - - .:1 'y o P - = - iy " ‘.\h; a L] r < T T ﬂ
] | pa—_ = LR Y r - i . e c g . .
S et L iy ¥ b= = k™ . - . e s men® s . " ) e . I T e
a st s g L] . - “"q " I - i, _1, = - * L oy, W - - - . - ] O T Lo ‘-“
% : . . S v 3 = AL NS M B T B R o ST oy, N e i R S
u s 5 - - ® W a3 - e = = - T - e } o = .
: - 3 . = A 2 r Ty, K ".,- P e - P e I 7, 'Hl" L R ﬂ el b 1 b - n W - o o E 4-. - 1 - "-‘--lr
i r ) - L TSR » ¥ L ¥ = o — N R " . i - .y : g - .| -l = e | - - - - L
. . B it L - y e - b | . - P o J i o Y v LA i - ] 5 e L sl
¥ 'ﬁ e g iy i £ Ty . - il ¥ % En - L " " ; - w . L ek N
T % ] ¥ i ¥ = 2, i - A - 1 s - ) R F ’ ol - rak B
. NS b I'E ‘s T '.1. L] L "E. u ) ... Tt qi L] T »n - = = . " ‘- # ﬁ. - H-
[ - -~ i = "1 ] 'k " . ; i = ! e 5 - !" - b % 1 _i_ g 1- il = -—— - "
: - 4 - = . - - ] B - ' s . i i - put
- : 1 1 s ...+ e n : " 4 i § 0 b h - - . ™ L ﬁm- - a:-' P # Ll L T X J—Fi‘_-a“# "'_ - .-l:#'--
k -'\' “M‘ i L ] " eadlil L '-' k o - . - :h'““.. hﬁw i 'l-- W k‘ - s 1-‘- H‘h e L ™ .-l' T “ T - - n il T 'H . - o
-, - 2 = = - - ' & i # ™ . N n s "WE L " - ~ i
= = " T ) - e R " i = i,
- - - - - e T - - . 2 o = - g
a - e I‘_-- ";. - - Lﬁ £ - " A 4 ".I-h'.“‘ -~ - e e - e - = - — - k: -, 'l_'-h_ —-—
" " H = . = g = -
. \ - " £ H . - - - == L = . T - L o - 3 - - e e e . - e s 'h.- - |..+
. kY ¥ = % . . g - - - T ek = e - ! gy om Ao o -
o = N -1 . N - 3 s ] ' - . - - —
- = o - - - ES 'l - e " X L gy N -": S —— | . .
- . R L] - . . oy - = - s i = T I R R .—-+ - .
E - e . k| = - .o e = e ] Wl 2 S ] . & Py "i+ - e e g . L . =
4 . = " - : - E 1.‘ u E s = = ~ T . Ay N g S i
" w - - LY . E - - '3 L] = o ] = 3 . - - i - < . - =i
" - T (] LI - o - & W - . -._. - ol ‘.-ﬂ- R ..- - - = o ‘l L 5 -
¥ = e " . - ™ o
. \ | L E e - = e . b 2 - = e 3 e - . = - e T
i 5 . = = ) e J - R ; Ly _ v = ol 3, ! i -
[ i " - - w & ._ [T “m + W - - L = _ = - % '- : T = - ‘I'\‘..' — = -
- - i . = - S - = .
] i .y 2 . N ’ o - - o TR I T "‘_"_ - i SR - = o
¥ 5 L ] ™ ‘_ x e i L " L .;"- . 2 o " - - - 5 — ""-""--—'-"l-'-‘
. e 2 . ta v . T i e b i % Wm = = = o - - -
- £ 1 " = n . i E & m . T e A = ™ - - ‘.‘ - q..-u.l i .- s ‘-. = 2 - _.-..-.-__ n-". = i
T 1 . - = = = = - - [ = z o -~ i - e § - - . —
) L™ - .-. = ] 5 N 5 = - - e -~ 't - i ly— E =4 - L — = o
. . i o - , T 3 - i - - T - =
& o » - - L] e " " - ..F == .. - ) = = E e -u.“
= : . . T - - - e - - - e & i ot - = -h* fr—
. i - v : T . S X E - = L - e ”""l- e * = e e -
" ] - o q-- 5 x ) - = 1* Ry K T a -~ - = - - -:
o = & L - - < . - Lk % | P ke o el - . s ‘-- e a i 3
ay - 2 oy s = e - g - H e * L -* ~ - - -,
= " - - - = i d = -
L E < - = - " . - - = - - - - -!_.- -\..q.-'.. S ol e
" = L - S - — —
- g - . 2, o = ™ a _— - " i - L I - —_ - = F
[ = 4 Ll * L - . - . ’ s g : b - 5 - P 1 el ok 1.1- i = - - -
1 - . . = - = ik 1 - - - - - L - -..h' ek --l ‘ll- = . -
- - T - & ] i R L " % - =
; " LA = ¥ o ¥ L ! L T | N ; = . - : ¥ ™ - - -
R, = * - 2 " 5 g g ! i - = - = =
i = i ~ o 1 : = 2 - = : o N s : -
b - ' i b - 4 = " o - - -~ - # o - - .
. = - & - = L] - : LA . . - - = = "
N - a i : - L g - b - - -
- = - . - a - - - - T
B ’ n - s - i .-‘ g W & -_ L o o —— - .., - .
: LS :|- -, r L - aiil - Tk . - s 1 " - = 5 - ;
a = " = = . & y ¥ " a x 1 l'lu-\.n - L] - Ll L £ _— = ks f =
i - & - P = " =
) - el . LS -‘Ip,.- -, = - s —_ - Hq.... - - ] o . = i .
- S & . L . o~ A | s i - -y Ve - B - = - - e -
. & 5 . . - L] b ; = - ke - - - P - - = L
- - - - = - - - o] i = . =
118 - Wil % i - X = .t = -y - = - = g — ;
v - 2 - & ™ = “ - ¥ - = P e & - . - % ®
L - " = . - - - & e M P L -
L] . - = - . SR 5 - - - — -
= b - okl LR s I [ e = - - '\-“ % g oy = s a —
& - - B L = - |
e B 4 - - " s I . - .o w B - Sy s ¥ — - L -
L] 5 " 2 = & -1 ow LS e =t .. e
; = & ¥ " = : N ’ al. 5 - . - 3 = - - =
3 £  Tx - e . W - - ! -y e 2 o
. . " i - b ~ il = - - 3 a ' - # . ————
l' & ' a1 ¥ " " i o - i r " e
- J u - = - LW} i - — .
. = - = -~ - = . -
. - P . i ™ - - - e - -
. - =
L * 'I- . . i - 3 K . > = " -
. - , " = ¥ = i L = = - . 3 - _ - - -
. - - : 3 - . "',.' - : . =" i = - - ;
= " & " L - . e -
. -. = = s = 2 = i r B - g ! =
. ] = . e p - = - A - - - . - = m i - - o 3 - L - il s ol P
" g 2 . ~ a "' ! . c v i = ' - = —— - = = | = P ¥ ™
] L C . El - - E - - - - - o -
¥ b - o T 5 . - =, e L] . _ X - i * ! = - - i a
- ¥ 5. ; L - i - B = L : - == = = = -—— -‘-.r - ’ .l = = =
. 2 ” - \ " - . - L = - e F¥ N e - . ! . -
- = i - LL - . . - - - e L - = s
- k i - " o * g oy o y e (P ¥ ) = - ¥ . . : ¥ = i
5 - L - d . o - pa— = 3 ™ ¥ = - = - -
» a . - " R . ¥ ] - - - . W
i I 1 v . - o % - - L] - N u T il i . g = = e M = » -
’ . ' - i/t -y i ; - . - - - ~ S - - "
" . 1 - -~ - - .
- - - - . - - r - = ) & L] - o L b " e - : o 5 -
] - - 3 - 3 - . " i - - »
- - - *-‘ - &, a J & " :, . - ' - - :
s - ] - . - = " Q = ¥ NENT ; = et = > = = . -
X b ’ . - - % \\w b [ — i = - - [P -
’ " 1 < - L o H E - = | i: " )
- " ) # - 5 & L = - bl - ™ 1\ _" " - = — E - = -. b
[ = - = - = . &
n [ B - e ':_.7.. i & = L] =, - L L - g i r - w
- = & = A H R Y - - - _— - e -
- = i - . e Al . = - - . n 5 " - F * - E —~ = __ . . F E 3
ka l' + e - Lo = - - - - =
i . . .
8 S _ T b o M R i i B e .
W = L -
- . E é A L = iy = = i - : = . " = aia . E J
- . : : x a ) - wiy o v, Y o ® ~a =a . " = -
J . - . & - # AN V= . y - W =, ¥ - : "
5 - # iy b & * » = 3 ~Hs ! - 2 W = -
= ¥ " : I~ o A A - B - - & Kl -l ] o o - s v
" - & i = " B - - - 3 i
n - - e e ) ¥ e - = - bl - b e - - a
- = B = - - = - - Ii- - o ; i ¥ & . . - - =3 J — B ;
. - 8 - =~ - & oy Ty T = * _ e = = & " B o e d
A " e B ' - 5 »
i - s - = g b - " =
) . . = - e " ,:‘k - . - " - W i z 4 E
. ; = § - i Q N - . . s e : -t ., i :
f W 4 . 1 ' - o = L L . " s
s - - - i = AL AN o o - - - I -
L - - I - 0 T - - - - [ = : T X - - a d -
& Q‘ 0 = = - - - . . -
4 = ' T ‘\V . ” . - @ . N = - ; # - . 3
= - - = 1 L : .:‘. & <" - = -
o e = ‘_\-" ] i & & y ] - = = ' & 5 i
e - . . F "j : . Sy Y- = -3 " ) g o
& A - = ¥ L]
- . w " = W = 5 - o L
- E \\/ - v ; - - & == E
: . - . ' y - -
i ’ - - <&3 5 - * &
» N - ]
- E N L = . = . .
B w . - Y a4 2 b - a
¥ L ¥ L H - &
- " ™ - ]
B - \ o L e 4
i < ® {j_'\“ L r L ' o !
; Q) . - : _
o v . 3 = ! - ;
’ : -
- i . 4 A " . - 4
’ A - . -
\7™ -
X . i ¥
. - & N i e r
- o - % S~ = E b -
X : : T - -
: — . - b J . L -
- S " ¥
g - : X 7. 2 . .
g
n 2 o 4 i - ) = & r '
y ) [} - n .
- p - E - »
o £ L - = i E |
r PN . i i A & » ;
. ' Lh ; . ] " X ¥ .l g
" [ Qs = -~ -
LS - (] a = - "
. TN _ - £ _ . ' e _ :
L N - - b iy N = i = -
L 4 -
oY % : - - . Sl - .
&/ = = - - i = - - ot - *
- "’ - - n J - 3 3 - L 5 = ¥ .
& " - : =
2 \ = - & = ™ - & - - e =
e g ' - | e e . w! - -
- 4/ - = i - - - "
- 7/ >‘ = 3 e 2 - - . - . - - - g = . =
- | & g i . - - = " ¥ i = i
N o o - = — - ‘_' - F ] " - t
‘ a ; N\ & - " = - " v -
,1"\*'-{¢ . W . . . L ¥ = = = " = I~ . ‘. . y . 3
L S # & . o E] - = - [ B w . - F
- - L = il . = * - ol -
a - ol i ’ ¥ I " - - -
, = - i . - - - = et . g
» a = i - [ - k5 I W & =t C o 2
- - = - ™
' L = - =
5 - - i # . - E — -
: - - r . : 5 £ - - T 5 =l
: - - - . ® - 1 . - = .r " #
' - - ¥ - - - - a 4 - ]
F r . - s o = .
. e - - ol Ll 4 - - ” - - ' = = f ¥ -
e - = v " - L] a - ' o "
L 3 = ' J.. - - o - ik e R v = ; I
3 & . - - - - - . ry i W ’ <
F u o = - " Y —y
" f . - - r - = i B ¥ i - - _— - # =® - -, d
- ¥ - . = . o - s = - = i ] -
. - - - % e ik 4 - P ' E- B - " - - e
2 - il - r LS - [ ] - o r P ® - - - - s "
i a - o » i - ' = a B Ex L - = ol e
- » - . - - ¥ e . 7 A - S : g 4
B L " . o . e i | - & = - 5 - =i E . . bl .
" - - 8 ~ - ] ; " ™ T - - - - - -k - P 2 -
i - _— - ¥ p - - . e e on -y - o - E - - b
# . - - ' - " - . - » - s - B . [ d
¥ a - = # 5 i . = - # - 3 B " - T - - bt . @ " =y e AT - "
- o - 4 . A _ - | T & o g - e = . -
* o . 3 - - i - - - - ¥ a o e 4 . i . = r = oy 5 - 'y = L - - T - - = . -
l 2 o . T r - - M 15 & L : - - - = . - - = -
. ' - il - " T & = - - § - . 3 L - . - = - il 2 = A ] 1 .
" & : = e = o i 3 T - il ' & ] 'l'.' X r . B . --- =g 3 ) - 5 ¥ .. = - - i - ™ - -. 4 =
1'# = * . - o - - i LI _ i 5 X - . r E — . - - ™~ g - > o - . i ak # -
- - » F o= - i - o il e B " -3 = G ol ¥
= ’ - - S - ¥ a — ¥ ’
i = - o o7 - | . W - - ¥ = = = i o~ - L] s "
= " ' r e . - s P - - o -3 o - -
, I : & - = g 4 - ", e - ¥ - a H - - i = - i . - o . : . = - i L - L -
o - = ) & — - T = - - 3 ” & W - - R ] . - - -
] e - . " g ® . s R - = - 2 - - =) - - ¥
3 " - - 2 - . ’ w - E a L i r N - i - L - - 2
- = 1 i . . L - " " ] o 4
- u 4 - - - - i ¥ & B . = -.‘|. g - -: - o . 4 - = - y ol | . X
’ 3 = - ! & = y il v " e = . f
. ] ; R o . . . o A = 5 iy - ’ e 1 - oy ¥ - e S - | = £ Y gt TR = .
= " L L] - - = it - ; - - N = e - - o - - - B
i = = - e = g © - 3 - g - - e = - - TR - ] " i » - . ¥
K = " ) a - S - - i o - P .- . - - * P . - - o
" & - = - .—_’. [ - - - = - = e - - - g = E
# = 2 - - = & " s e N - x " - . -
¥’ o . e = o - . ! - = - o 4 e - = - = - . ix =g - - f
. - a* - = ¥ - & a " = & . "_ - e s L] e o #- - - = T =
o i il i > ¥ - rp— r g il . - - - i : .
i 4 . L - - —— L —— — w
4 = oo R 5 f-u‘ TR s 4 ¥ f- T fn el Lot e g gl i =i g . R — sy y - ’- = i - . o d L = o
_ TR - E o - - ; a " 2 i - = -r - " s ey - = = i & LB - e e
- ... - . i " e - ) . = - - = = e
" Lo - - ” i 9 - g "; " e !! " ’ b - i A - F —— e - i - ety 5 - = Ll
" = - jre of 4 - -E: ., Gl i g 8 - . i’ L - W L o = e _-'- - " = s - 5 = o = =
. a . - o rd = li‘ " - & ) = " . - 2 p— 0 T wll - &
a ¥ " . - N o - il . . g L i Lo T r # 'r -""' . r A - — - == & ~
- o - - - - - & - i’ # B ] g i " 3 " = ™1 - 2
2 . . . - e - . - ‘-._"' IE; - = - .J bl ol @ A LA * e W T "j - LD e h -'# - Ve e r i - q £ = "
o ) '!' L T 2 - . - Al ok ' o . e - e : i F e - - ¥ P . - ” E . g - g = A e : = -
i s el = e 5 - "~ = - = - = F - g
= ¥ g 3 = - " - - I_..ll r L = o g e # ¥ #. S = - - y ¥ ") e i = - N Y =
] o . e ¥ - - - . T - - i W - T . - o — s g - - " L - =
” . y i ¥ : i s - < e T . o e o ol B : . o - : > IR
o . . a I ¥ N L - " - = e p = T ri - v i
- - & - L - - T = — : g i | i i . - 9 - - # - =" - & L3 -
: i - r o - o= : . -.F' - .r"-_ e IF o e s L 1 — .l Tﬁ -ﬁ#‘ P o l" = = - o -‘ - - = - - Fl r
F " - _r. = g ' - o 1 " i . P!- # ‘! - -F'-rh L _" i o 1-.."— n ‘" ¥ o - F -y - - p-' - S L ) e
' - i = - r L v
- - 5 - ar = = e = b - B = - i ' . e A - a * *® =i .
N 4 ‘I 1 x 2 il .i' i 4 - = s Sl " ] - . L o ) ¥ - & ! L E - -4 i - - M . 5 .
é L 5 a e i : i i o = F @ & : p o [ 8 3 - ] .-\.-\.?_. i - o r - e = = " = - = . . . - -
h< ‘ # r . ': ks - - - — o o - ;‘- - - - . : K ki o I - il - - - L] . '|- '
’ " i : # ] - : = ] - . - - . .
- - - = - a L~ — o . | — = - . - i » ' CE. .
- : . . = e e = - L R § - = & 2 .
= . ¥ ¢ i ' T . kv s = s W u‘?-"'-' = e - L, om - - g g - [ e s -f - - wm - - - _.Ir'i - 5 [ # - 1 = - B
i - l_ LT - - - - e - - b= - e b - Ye P o e 48 v g F - E -
" L = . = - & # il - - - L - el e e # : — ._a 3 j— = - - - = ._i‘ . ¢ TR - .‘ A - L N - = '
# - - . - T = - - - - | s -
- & . & - , - "‘-...l" "_..i"'_ - " - ‘n-l' -_l ’ 1...-__, - : - .- & < -.'._n- ..-'--:I1 r- g . o e = - - = - - w - "
" - - - - ri - o =2 - —— I ee .. .
& ' 2 i . f  de F -~ -l, ] F - g - # = - o .. . - - U = 2 - - . - I Y = el . L - =
- = ; : i v - . b i L - A # . Ll o a " E + = - ; . . gl == " ™ o R = . L . : = -,
- ; # - - - -l . i — - ¥ i # I R— - - - r i o - el - - - - - e () et — '
£ b e - - ; - e O .!'" R e qfﬁ’ f- - ¥ Ca A - 'ﬂ .r s P"" F’ v i 5 L3 i - - b.; . - " - . % R " s " e . . P
- . - - ] ” -4 [ " - - o ] i i ! L] i r Ll X - - - r v, 1, ir -I-r . . - il i M
' F o - Ed L - . - - L E ah & - A . E i, . af e e - - o - o i e e - " - "
- 2 . el o o e - - e B L ' LR - . - ] ¥ - . - - B ;s = - " # = -
J F af : ¥ i A -' # F - T » & ol o L £ - : . - - el ; o - y o L g F0 o™ & - . s
e > * ’ - . . - e o A - Fi - B ” e - - z = e - FH e . i ’ i S, - W W .
& - o > ..r'r - - - : il - 4 v .+-,r g _" o : 2 I.liu" — ; o U - i o -l'.- . o e J = oy
- - P E e " 1 - - — . u £ = = e . . L]
3. R : - ' . - £ e % e T W N TR R L R -, - i " o - . . e A
& - Cm N B - - M - . " ’ ol - e - - - -
- . - " - e - . - " - -l Ao ARl e ® iy A s AR ' w e " - - g g N g ‘e - 2
& & ] i " r - = | = o g _.-I PR - -~ F ol " = Y i e i .--' = " ' 24 ok Fe - I - = - _ e = - i i a. -- i = : T W % L =z
# " r “ o L r = " - " -4 - . gl . - - . Sl - S, 8 - ——— - r: . o L] - y e o ".F
" a ' 3 - p g — d a —— e o —_— [ 5 h - = - o N s L n =
' * - = - ] - L T P o =™ - 5 e w3 5 P - . I 1 A o
o ’ - < » "o ’ i L : " ] e - e ¥ 2 ., W ATy Bl & o -
k B -~ ® & - - E v - ] r ) it = e b i R o - e ¥ - - - i - = T i - ;. J - & - L 1 a
i . 1 - ] b > - " r _f’. - il g, - g - - 1 s - ] i R - - ] - * - =y T ¥ -' -
5. " 2 - W - k " g — f- | ’ " 3 _ & i - - . R = L e e ol . . - - - - &
- - i - ; i - ; 2 J‘ ,ri & = - = & - [ - - - Fa - . 3 o i o il — - "R | Lo & -
- F L E i & £ - w ~! ‘_‘ 5 &l L5 " l'-r_ - s = =y . P g - S - s :_-_ - & - - - _'*
i = . - - w & » * r, - 5 -, i L e - it . i - ' - e E » . - ’ =y
. r o 3 # £ - gy - ""rr - R " ol et .-:._ AL "'#u- - o - - iy, e a ; [ A P L !
" Fl = 4 = - & r L] . r - L4 - - . - - _ #‘_ e = - ey b - - W i - . - = !
# F # 7 - ’ P / . e . e . - - - - Ll - - - b » ¥ 3 - " = . ' = '
& 3 # - . - - I o= o - o - o . 3 " = - . - ’ — = - . . . -
& - - g ;- - = - - . - . "l - - - - w - A
™ - * 5 il o ] - = # # - =i = F ¥ g 5 - > g B, ik - - o - " - » i - - L T i LR a _
’ . " R ; 5 ¥ = i J : . * - & ' # . -
2 - = i F 4 # - - ] o - e - , o i T = = - ary - ™ = - "
# a ; L) - - ’ il
a w o - - # .. - i - — - - - i - 3 . - - . = L
. " . x - # £ 3 - - ] ' - . I — — < w - = + - _—_ - . W T " w . — L ol T A
- . . - e . " . - - ] L
& ; # = & - - " - F ] = o - # - : - ? ’ - - m - - "'; T -: 3 S .: & o - -
a J . F ¥ " - > - @ = e i = t - = -'-"', 2 - = s =
W » ¥ ; & ] - - " " - = o * " - L 1
] F - - e e ™ F - - - # - - . a a = - L
- i . r - wh p & - o = b - _ 5 " W - - = L - 1 4 - s e _ =
& ] " + g = 7 # L ' - o ” - R - - - - — - ¥ - -t - o ] ; k.
b S, F o - - B i ] - . - - & - e " » - - ' - T et - L =i e
. = - 5 J g A " a - . 2 - . aF . ...-""' el i : e - ) e ¥ .-|F' - .3 .-f--‘ - -"ﬁ. . - - i .
; . x % s i 2 = = -’ iy . o e "'-. . d T . L s - - W o A i . ¥ - o o ey A
¥ - - L a i’ " - " a - E - s - = 5 = — - < i, N o F = e i
¥ ] ‘_ ra # i W r . 7 J b - . - ' ar L . e " e e - f'— - - - et - - . -.F' F-I. i - L
# " R i . = = s - - - - - = - g S = E =
K - & * - o i 3 * o T -4 F - & P * 15 -y * L . W F e by R oy ol r L, = Lag o = . - Y =T, o i L o R R i 8
- > . F - - = Y - -
i . - o o & e s = df'- " L L — A Lot - - R J— - -..J' . 5 L &
PR r C o i ' L ’ "‘ r = 4 Il g e = - e i - i il - e - s i i -
p i - o - " F 5 w - ® Y i s A VAl - p i - - = = e i T g - T ania Tl i
r F ” i ” - o L H j: ’ " #" # - - — - i 2 ; i o oy
e i . o+ - il o - . - = I - 1 b ol - - - - - & R I # - ll':l,.n.'-dl
i = - — e 'F_ .*I.i-_- e g X F # o - " - N - = - - - & > A - E - - R - B L L] - e = -ﬂf"
' i # e " - - 3 - w L] p - L i = . - e s w -
o F - A 3 3 i @ L L4 - - r - F i o s : - - J.J"’ o i i —_— ..' -—lp‘I ™ ™~ ! - e e | o et = = - _:.'-":-'ll-""li - ' -
a - ] i - . " T ' ¥ # 1 ] ' L ” - - 1 - = | N e i , i e L e ) ’
& - - . [ - B 4 # - 4 Fi & A, I~ ” o # - i . - & il # L = E - - - gl s . ¥ N BE i it
4 : 4 > i 1 - r; l" o+ '-.' ar alF “’ 3 .F ”r.’ﬂ- r - . g ""' L] > -' --J: - - el 5 R S - 'h.' - - _-r'a-l. _l._.- - |+""-'—-‘-._ '_
_» . " ' : . LI s = o - - -.' vl ',ef - 4 = ' 7 o TP " ' .-"" R R - "'J - T g e i T =" o -t""_ ™ g - T e
. R o’ . ' a " * . : TR - w - - o ¥ e S ” s . <
. ", . PR E} - ; - . i e T - K F PR . e e B - -t W o il iy W = Mo - i - Y
‘.a h 1 E =3 . a5 - ¥ 3 ‘r#-"" - Pl g i .'r..-*..' o 3 s r-.r e - R = . - ¥ -"ir Bl - L TR y* S ot » -#
i o - - 2 - i # - - # 5 i i E 5 4 e e ¥ & o b g o : . = R B B
X # & . - - ® o | - I_‘f . = et # F III.-I" ! : .’Pf_."_ - - o - e i oy o p-ﬁ__ - - i, _-|l' -- A e 4 _.__._.J'..-_" 1:'- - 2 f -"""-:".-"'- .’_1]"# .
’ ., - - v # - A ™ ] L n " 2 a - L = - - 'l = = . - [, i i
g A i T i ; ' T it - 4 L, 3 1 s .. = ; e ¥l - e = A W - v WL .
F . L i - 5 . fi- - s ir s - - = ” . &= e s " 0 . .-' i - e ._I -1,. - £y ,‘:-' g — - e . o 1-‘ # = "J #-‘ : = ‘lll..:#l -: '_w‘ L 3 & -
| ] P, or " - » . - v = u F & - - - ¢ [ - - = T - - -
- - o - ' - R i ” L R il - i ‘_' - ; i - - -l""’I i = i -"-“. L . =t X " BiF J . el s - - f.‘ L "" [ ¥ il - -_ " '_. e o = - '; -_ e e “.I_ - R e =
. » - - " 8 - - H = o R it L] = -
- I . b '] i - - o e e =h ".-d - - = -l e [ - = - - - - Ll - -
3 ¥ ] " - ol ! - f E I 4 Iy g R .r" B g A - sal & a I 5o i o = 5 9 Sl _.-:.i'--":' e "':n.hl' LI i 1 ™
- 4 - - = i N 7 . L B 5 - 1 L P 3 = " i . @ - - L - I - A - - . ¥
& y -l - IIIIi" - .-i' A # = - - ¥ F '_.!' 'I-i' F & o " - . P g e N it gl = e T ‘,Jd"' AR = [ p——— — 1 "'.._...‘...F,.HJ-H-# al i
. Fed 1 - ¥ N BT Ml §F o " -_r-l,. . 2 # . e '-' - _,.ér- ST A - o3 ,,'l"‘r.ﬂ' o - i e - iu = i, o ! & J“‘.
u - ] - g r " " y 4 " s - r- " - - ; > = ” I - o, - - o #J.r'_-ﬂ' f ¢ -_'r = o R 1 i e ¥l o .ﬁ'-"'b ‘f._* _—:_f- o o - Sl o - .Ii';'. O 8 g -= - -.:r B l
4 T # P g oy - " e - F - - F e i - ol - i o - = a5 _'l'_f - - o | - s el I = i - -0 R e g T g R e " C e = -.
I . & # Ll - .~ " o L "ol w i ¥ W i ' T - o . - = .- - P . i 'L"'.a-f‘"-'I i il "
~ 4 F . : ” . : 3 .f- " L,y = - = *# b Lol o s :-.-'ﬂ-. e - =i ’ .",r.--__, ke te - - o o i ; w *ig L o e B _-F,F. e
i = . # - - 7 aF ,r" : e Har- . ; "J = "';"'"" ' Sk A i L e i - o i i T e = A g - - o __'""ﬂ' " -
I Ot , i sl b T . . B o ool J - o 1 T 0 Tt e o e W e T . s -l e Lo gl PR o T O o Vo v sy Ry 5 B L g
r # a L F ¥ f o’ 5 - | T = e '.- b A 1' a5 e > H ".' o L T & -~ b - - o - ) g '-"l' i 'l-._-lr_ _— u " T L _." w} vk L T -y s s T “_" X
i 2 g . - K g~ - I L - o B Y e, & 'f..,- J L il i = b v 2 - L ""_:-. a - 1_..-* ] i - s T o N
i 3 F & # - R - J; > ¥ L . o = F ow el e e '.‘ﬁll"" ] 5 gl - = - ",ﬂ" ne o - - o - .
E ik L - ' ' b a - . o T AR -~ - S -~ #..r kS " - ™ T ® T by " e =
’ p . ‘4 . - . Pt i # el O R R & S o 4 : Wy " TR S e T ® iy T RTINS Lol R = o L B e R N e
a - r s - ¥ B ] £ = - A . - g H ot o & e ™ > o~ - = - . o - - e _F - ;. a e s
: i . § " ] - & o s . o ., ; —_— . - <" ; T -y -r - L. K e e e = .
1 ‘ i . g T F _ - " .-'.II .:F P gl s . .'-"""" g . i e o - l'-l' - ":_ P - f"’ e ':J..__. . o - - F '-d‘_': - -'d""' . F s H-I'I-'-'w'\--l'r ! * e i = s i —q""'_ . e
. : e 1 o 3 o - e v ; s i ik s e L . - - . . L4 5 - . e i : - - L
¥ F o " i f o el P 3 - d' - b . — . i.."_. 'i‘ - e - J’f‘- - '_I"; -\.I'I - " ,-‘.-'r'_ J: . i "'ﬂ' e P .\_.-.r - ‘ﬁ"“! - . o A - _:_...-i- ik . .-_n-_:- _i.f.-" .
i F ; - R r . . p J # v oA L - i . o Feigm o S - R Ll TE o - e T | r rF - ; - S i
F * d - K ' . - . - - I 4 e R o T o T L i F w " } o EE: - il e, r..-"'-i}_- rﬂr - - %l - - . : ; ; . _'--r-? N - H o - ] i | iy
i ’ ; : F i i 3 1 & e - PL il o8 ';"" : . B ol T it I TR g e i i N .{&d - .H_i'f-r ikt P S g Ty e T e R ‘-n"-'f'}'f"*l‘
" w - ] - % - e s P » 7 L ' g g i o e e -.f i — - e sl o s 1..:.. ol P 4 T W
. M o F F - " - d = e LS e d LI 2 e a 2 i - e . - ® x - B L = -
r " ] ] . 4 - = - e e - '_._.i‘ o # = - o . gt | -,r" ,.r i - q..“__f = : - -: - r:_-..l . - N e -r.._ - _'.-#_ - . :'.- -j.'- g # r-iﬁl- L e R ,-.-I.‘-'ﬁ‘l-. .il'.-'# :_' = -r#: o et
# - - ' . L - I - - F . g x . [ v e i a r - ¥
i # , P ',. - _— pr : -~ ; y Fr= - T E J- i Ji - o 'fﬁ? r' - ";:,::;,r s e - v :r_--l - 'n-'f :r".w_' i e - 4 "“.;.n:?_"' e Tl F‘
’ " 2 - . a & i - 5 5 ¥ . - ' L 2 = o ¥ ® - *— .#'L- F A L
& ; 5 M # I“‘ K ¥ -~ a - F - f f" : L] il ; > 1;’ ; - ‘ A J' - o E _d"' - d PP ' i ; L _{H..-i- ’_I - & = I-ﬁ - .‘j 5 r*’ - — s a? .,:___.#_ i H 4 il - |-1
Foil . #a . * =y r . r .J' T T A '-l"'f"" R I LS e s r-f"‘ Ml O L e T g W - - e 1 Il —— ::"* P o T i B e T S g T 5 -
F - 7 d - ' - - " . o E* ; - ':" 2 a Hr b - F r i =_" F g = i 'ﬂ_,‘ '_"’-'- "'.' — 2 'Ilﬂ#-ﬂ-'pi s " - -y f-" Y s = "'F",*“
= - & = - . i - 4 o - . i - "
R - 1 A Fea ! - ’ P S oy - J'f i, -,l" v # . ;f H'J s #w.l".' S e B R e A -, ,.&'._"-"-“ff_; "":-l'.‘:_.'p..,.r_._, ¥ " T i _:':-' i U oy S oy e "'""F_‘rj" "J:M
4 - = p— T e - = - L] = i L b o - £ - 3 F - - _m-_ e e, 8 " -
. L] 4 i #F - - p— & " - f - AT ol - - f — '#‘ﬁ 3 o g S = el Sy -
4 F 3 3 # & 1"f ” s o -'_,# e & ; & & ,...-.i_’-p’_ o & it i iy s 3 " o ™ i ET 1 o R L = e i g “A
. - = . " - . Ikt T - - " P - i -'ll—\-i".__*'- - e i - - '“i' - lg-"#“
. r . - s . . oo 4 Lo . e W R Y e e ¥ o . s Il . S W :
. ' 1 - J n 3 i - - __"__,F 4 e s .-‘
# # & - & - ¥ > 5 - = > ’ - L e e _J' . o oy . 3 f- = p _";J_r‘g, o P il -l :‘f HH*,i-' - o = - LI #’I - F
4 i . § . I E ¥ - v . i @ i i e . e & b i 1" p_ s
’ : y . F, P [ # i . i T o o et R o il v p—— . PR o Bl : x % - y "
" a » F - ¥ - - [ + Yol L # i & . ' = D 4 . T - Y - i Sy 8 4 - et - - g - e w
4 # W F ' s i ' I g ? » o o i Al * - 1 - y . 4 ;-w'rdl‘# . gt : L : ] A - W,
: S g . . " 3 s . Al e g B il A S — A . S o P - . < o il 45 5 - e SRR T v
. - F = o= - - # ) d g e ¥iw o g e - Ll § - L r- o - T L Lk I : , ) 4k
- - ] - ] . CHEE g & s T : - - ) " o | i " . w7 il ' s |
[ " ] ¥ L g b g g - L4 a g T - A ] - . .ﬁ - w- - - g .‘f - L T - . — et 1 Y " o _i o
’ - o # . ol e ' f - i & - - L= r ™ o ) - . i 4 = g R - rm bl i 3 i - ¥ 'ﬁ‘h .
. ; # " - o Ll | e T R B AT e . i ol - e 'j'." Wr B e . 4 i s "'_‘!:ﬁu—.vl"-' - 'J—' W .-',1 L - L ol g "?ﬂr-"'r ! T o
Ii- - " y 3 g . a # o i . e - L L g - ¥ L i ¥ o o "'".-Jf‘.& ‘-_- e < W ] - ; - F T o Py .'I‘-: ' 7 - B . 7] F-J- Ay . : o X -H«..-wﬂ*
. # - 5 L d # i ] [ 7 -’ 2 - - i f f L P r e & .'fj { ¥ r " W r F-l e T r ; .ll'f';‘ 3 ¥ o T -.--lI 'r-_'-u t‘ﬁd* ~ F d}._‘j'; o i :':lﬁ'-‘. , H o _-:# i w - - d “.' Iﬂ-. o -8 :.-'l'-.. '-H :—. 5 .'-'..ﬁ,. i = 1‘ -~ “-.'.'“.L. ¥
I ¥ v F - ’ & A 3 o o &= gy 3 i - 4 P s e A -# - ’ s T, : L - E g il "ice e [Tl e
71wl ™ " - # - e, L | il [ ’ e i F i W L o a ,..le"-"r" - ; . o —— - #". B - L ¥ - & » o - i
r - H - o 'l ] ¥ | e o = & ] J‘ - ¥ = e s I - - . = ™ - R 7 - 5 h - i —
' ' ' i - ‘ . r 4 BN el e - Ll L e e ; e Ay : e g d i-F S g e il g, = o i a5
# ! ¥ 3 X " - ’; ¥ A g * . j o L ! d ooy £ 2 R fﬂr --"J b ﬂ';' S i 5 F ¥ = "J‘*'f i 1 - o ‘ﬂ‘i 'r.l-' . *J f* - ;:JJ#_:W"'H - -~ -J_#’"#"" - :ﬁ#." o - s il L P e R T
i = & v ¥ & 7 - & 5 > - 2 > & - " e .I. ¥ ,i ) FRTT i = f': 4 -r e £ # £ - f o :_-Hkl B A g e ""-;‘-i"ﬂ" i ] J 'F = .'.r i i e e -
& a i - ‘3 ; - & - L i PR [l ._..'.-'- 4 i F i i .ﬂ o s e - e Ep—— |l
- F ; r . a o ' o - . " i & ' L] o e - -
F W = e




ol §

1100024680

LP 22 FST 4 2002

(AR

1100024685
The role of hydrazine in controlling corrosion of carbon steel in
natural water / Lye Kok How.

PERPUSTAKAAN
KOLEJ UNIVERSITI SAINS & TEKNOLOGI MALAYSIA
21030 KUALA TERENGGANU

1000246¢

_... “oz

KOLEJ UNIVERSITI SAINS & TEKNOLOGI M/

KUSTEM) = [/ |

(
P : X
engarang I E ol %m
MHAVRRSS o

-Judul - yole &
iy O \

HAK MILIK

PERPUSTAKAAN ¢

bl

WYl (AL




ST L LR B KO D RO B

THE ROLE OF HYDRAZINE IN CONTROLLING
CORROSION OF CARBON STEEL
IN NATURAL WATER

By

LYE KOK HOW

Thesis submitted in partial fulfillment of the requirement for the
Degree of Science (Hons.) Chemistry

Faculty of Science and Technology
KOLEJ UNIVERSITI SAINS DAN TEKNOLOGI MALAYSIA
UNIVERSITI PUTRA MALAYSIA

2002

1100024685



THE ROLE OF HYDRAZINE IN CONTROLLING CORROSION

OF CARBON STEEL IN NATURAL WATER

By

LYE KOK HOW

Approved By:
SUpErvisor

Mt ) A—

(Dr. Misbahul Mohd. Amin)

Coordimator

(Encik’Suhatimi Suratman) Date: _E_Z%”’___

Head of Chemistry

_wi_z_____

(Prot. Law Ah Theem) Date: 2// V/ AV




ACKNOWLEDGEMENT

First, T would like to thank the supervisor of my final project, Dr. Misbahul Mohd.
Amin. This thankful 1s gratefully extended to hum for his concerns, advices, and
meaningful guidelines that he has contnibute to assist me during my work. 1 wall really

appreciate the precious time that Dr. Misbahul has spent on me.

Secondly, I would like to express my thank you to all the laboratory assistants who

spend their time to give instructions and allow me to use the lab at any time, which 1s

convenient to me.

Last but least, I would also like to thanks all my fellow friends that have help me a 1ot

in doing my thesis.

¥



ABSTRAK

Kerja imt mengkaji dan membincangkan mengenar kakisan logam keluli karbon dalam
air semulajadi dan halangan terhadapnya dengan menggunakan hidrazin, suatu
‘penghalang anod’. Expernimentasi yang dnjalankan terdin danpada spesimen-
spesimen uj1 keluli karbon vang direndamkan sepenuhnya dalam pelbagai sampel air
semulajadi dengan penambahan hidrazin dan sebaliknya pada keadaan atmosfera.
Kadar kakisan keluli karbon berkurangan secara beransur-ansur dengan peningkatan
kepekatan hidrazin. Antara sampel-sampel air semulajadi vang digunakan, air tasik
didapatt merupakan persekitaran vang paling tinggi kakisannva terhadap logam
berkenaan. Kadar kakisan dalam air laut lebih tinggi darnpada dalam air hujan.
Hidrazin bertindak untuk memperlahankan tindak balas anod 1aitu mencegah
pengoksidaan logam besi atau keluli kepada ion-ion Fe™" dan Fe'”, dan seterusnya
mengawal proses kakisan danpada berlaku. Penambahan 8% hidrazin agak berkesan
dalam semua sampe! air semulajadi, dimana keberkesanannya menghampirt 100%.
Hidrazin digunakan dengan paling berkesan dalam sampel air hujan bagr tujuannya.
Kecekapan (P) penggunaan hidrazin adalah hampir sama dalam sampel air laut dan air

tasik.

Pairhuier =~ Pairlaw = P air esik
Kakisan keluli karbon kebanvakannya merupakan serangan jenis ‘pitting’ dan berlaku
juga bentuk kakisan ‘intergranular’, ‘uniform’, dan “selective’. Spesimen-spesimen uji
keluh karbon mempunvai struktur kakisan yang lebih licin (fine) sclepas ‘mounted’

dalam resin araidite.

it



ABSTRACT

The work deals with the corrosion of carbon steel 1in natural water and 1ts inhibition
by hydrazine, an anodic inhibitor. The experimentation consisted of carbon steel test
specimens immersed in various natural water samples with and without hvdrazine
addition at atmospheric conditions. The corrosion rates of carbon steel decreased
oradually with the increasing concentrations of hydrazine. Among the natural water
samples, lake water was found to be the most corrosive environment for the metal.
The corrosion rate i seawater 1s higher than in rainwater. Hvdrazine acts in the
manner of which, retard the anodic reactions and prevent the oxidation of iron (steel)
to Fe” and Fe'® 10NS, _and hence, control the corrosion process. The addition of 8%
hydrazine 1s considerably effective 1n all the natural water sampiles. Its efficiencies are
nearly 100%. Hvdrazine used most efficiently in raimnwater for its purpose. The

inhibitor efficiencies (P) in seawater and lake water are almost the same.

h‘l‘-

P rammwater P seawater ~ P lak.c water
The corrosion of carbon steel resulted in mostly pitting-type attack, and intergranular,
uniform, and selective forms are also occurning. The specimens of carbon steel are

having more fine corrosion structures after being mounted in araldite resin.
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