. .h-rl.

B by B O __..q,' o i"...‘-'_; Tt
R A e W e "'. =
e SR %""' Bt s r:ﬁ ‘hT. . 'P"}::'" ;!'HZI.. ik
T B e e e T
- 0 . L e " e S
. L1 3 . _.-_.' “._::'i.___--' = . --I s s F
. - s : T s
LT, ] 5 - - : 1—
: [ - g, I L,
A0 -
™ 4 i
L] -~ Y.
. -
- aowm A L] r
5 L ¥
- - "
"
N L] - ‘ ‘ - = r
b ] g "
» & - -
- - -
- N - = F b X
. - w - 5
- . : A W ; “
" 2 :- 1
L]
- : L] - LS i
L1 b "
L L] R L
; . 2 B w B "
= - a4
L] = - Pt Tl e
. . i T S ) D *ﬁh )
- [ . 2 L e T o PR
. - - L . L] T 3 b 1.'-;: F.F" "l. - ‘h\- - b - |.‘ x ‘ - | -' L Fi M
- 1 . . M . I =F C e S - R T W, i B s P
. L r - | b o . ™ o] N s - T * - = i i -
% u LY - . r e i iy e e - o X = iy ]
. - - : 2k : - : TR, Sy T 0 e SRR e ey =T
% = % LY . = - o i, 3 Sk, TR . - X e P O Sl b B e S = - L - |
x} & o ay i - L = : - 1 1 L] #‘l i = E ‘.‘_ ] 4 - E. & & ...il ‘.‘., e 5 \.'_?ll“"'h - =
L] " - ] B " o A i § - = - ¥ - =
T - - & o - - . L . wia e Tis LB e Rk
- - W o ':' oo WY ‘h. . ‘._- g =, !—H 1 w e . e o .
" . s 3 E ' ™ oy % " = el B e o il = i =g,
. - . ¥ ‘s . 4 i . ! o ) = i . - R =N
z by * - ™ Mn e’ " My . Tl NSRRI RE  ari T o s
‘ | 0 . G- a e . . . " g E ] i T i :
&y LT . B g S . . » A - o 4 o ; AN I, AR
My . i L e . : y aly miy b £ " e - . b g S WL T F
= = i | = L t F - - .3_'_-
u . " g - - S I E . . o e :'-u L St .- b N :_‘_ - *.“ I'.*l-- P AL - A Frns
y - L - e " =N 2 ’ e i L3 ‘-" = w2 m
LY . -] B “‘ . -, . - & “ Ty
e L . b - - . ] iy B % b S ol o = ".':. =i i
¥ - - - . i X . - N ‘;. - - L] N i T L L ,E - . - i
w I - . o \ - L - i el " 1':\ . e e ™ M . el VE LR u".,-q-"' v 3
= " 3 . 3 s, . o . - - . o T, - b ‘----h‘; e TR T T s e = rh T B
E =, A i X # i - LA :ﬂl' e . "
o il Y -y - HE . "i,_ = ; L TR 2 AT = = e
M 5 s = . - oL - w . _" - L "". = N :"-_‘HE - -hd‘ﬂﬁ R ?
& - - " & - - : L ; o - ok "'h . - ""h-\.. = ¥ 2 [l - -l.*‘.l " _-“_ -_1
= o ] - = 1 . - » i i e [ -n w g - b |
- e x — L L -1 W ‘-'” = : - - = = - " - - e "= l-r-l- l‘ .‘.b“- e J s 'L
- a - - . - s o = v x . " - w ¥ 3 ..: ‘j ; -4 - = E
, - - - - - e - e
: - - : £ s (N A gy O e ol R e : b
Ll - - i‘ = & -‘i- - 5 l“ - n L] . o ol ‘-‘ iy 1 A - -1 -
1 Er 3 - '\.\ - h LR, - o W w LE " " e c - .:.
y i 5 : - TR ol 3 (] . - . T = s —— . * " =
- 4 : - e = " “ A L] % 4 % # " L P S L - _"I " ':‘rf u = z : s o
» o ' " = =1 k. ) - e l..s »
|1 - 3 ¥ by - H 1 1 - - - -'-,ﬁ L] L] 'y ;e
L n . 3 A ) L - ] . 1 e
: k. . ¢ , 14 s A e e s s e
’ . z 1 , = E . - e R e 0w . o, FR e - s
; L1 . il . - - ! - L A e i - i " - & ] W :r“-. ".?:
I -— & - 4 iy = Py - o [ e - - = r -
et o 4 i e i - o F h' e ey - - - - At S h - - R . : %
= - s * - = Bome = . T . e : - - =i o = Sl S R o T AL -
- ! . TR o : . . e il o 2 - SRS e -
3 : e i ' = . I e B e
- , - o T - e - .
= . i - = . 5 x - i T 5 o g.._ - & - o, 3 "iﬁ & a =p = 5
= * n - - & L ﬁ !*_‘ L 1 L - | = - En = - - il R '1*=
E . |- ' bt . : 5 i w ¥ L - ko) g o 8 <
- - = A ’ = - L = -, e - . : el oy " 5 ~ 5 -
s - : . - _ < s
¥ - : > . K . - ' " . AT o o, L Lo
u = . + - . - =
- = o : : - = rm. il N = = - : e - ‘h : = m I'm .-..F-_q;!: ‘-"ﬂ
- - 39 : ‘ . h e %"‘ A (M W i L . =
. h E L. - -‘¥ ---T . .':" o = = ™ G . ™ 1 = = < L] P -
- L] iy & 'f-“ TR [, T— bl A : - 1 ,' : z - = ;_ .‘ - = e - __‘;.. L y i
- = L TR 5 S e 3 L i = a e s
- - L 5 I i b ™ % = . & o i u m R
- 1 - J E - = ; - - . W g - -_. . i = = 2 '-*"1
. o - = s a3 + . - == . o u
L = i - = . T, - +*l| & i =1 . - = - - = " L Lo t‘
. - - = 4 R i t et - L A i
® - = ik - - 5 e - = - - ] =3 b % e e - o - 8 :_ - &
oy . - A - F o g ] 1" - W,
" = ki - x -, : 2 . ' o i : i
s , - 4 . i = =y -4 4 = - d - b | - - ™ s g
. - 3 L] w ] = . E! - - il - 5 _ - 3 H ] -
- - -y 1 - &
. - " i . ¢ : : L N e E T
- . - = L - = = = -
: i . , - . Ry i & s ; = R -
. - = - - e - . - - I " = :
- s - - T, L —, o -
] . - . . cly - 4 . . i C il T - :
3 ] y L L , - -1.. T = ., e w : i L :..___ v 4 = e =l =i " .
! 5 LY 1""‘ % - o = - Y - !13& % ] *
= = - o -} - ot .o a v = LA
B " b | ; = - = . e w i s : T B o . - s s - __‘i :
" - o g 2 s - - " & e !
L " ¥ 4 -, g - = E _.‘ = : b - B ey T L T, - i *
;o : w . - - . - ., - -k M o . i Wi " -
- _ E L] - L % - e . i L] I'I.- L = : ! - -
T - e - e 7 ] . - " - - '--\_
y : ik = ] % : - - g ATE o W g - . g
- - = x . o - : - : - £ At
7 - = = = T
: e oty - - . L T R !-_ = . e -
" 5 - - = - ; i 0 L ——— '
- - - e -
: : : - 1 - - # et : = 5 e el o
SR SR 1 = X 5 . - i : .
" L - i ¥ - 1 d m d ]
T - = -T' - ¥ = - - - T
& 5 - = - e
N : = e R = = ot = '
1) . * % L] -",_ -, :‘- ] - o
= . 2 £ i . c d i = C £
L b = = L} -
- = 2 - - 2 LR ™ = =
: , 5 M : . ; - E - s iy Sy 4 -
- - o 5. - ¥ s s, P = ' o - -
" ghiz- - ey 2 " -: .-a
= . 1 = - ..
- L] = - . L - - - -
i 3 L w S 5 » . S
5 . . - o . T = =
= - ¥ - > Sl T !
- L 5 z ’ - " .‘ - : .
) E = - g = 5 e * . . 1‘. g .z :
2 o a = y
g J 5 . .
L - = L - - -
y o T i " "
- = =
= — c -
= % - ! . - =
. 3 : - - - X _n.' = =
a 4 i ¥ ] - ! o -
" . o - . : & = = - L o 0
- (% - E - L] "
) " " . [ - s . v .. P - "
- N - e - - -
= - E ¥ ] el - & '
= o i p e - = . - L =
% L i s 4 J -
- : - = il i N v A
; - - X - - - ™ -, 2
« i > . = . iy - - » all
: 3 L= . .t . F =
¢ =i . = = - L =
g ) ) - - r - - 2 =
Y ot ~ = - i "
= A . N . - = A -
: SN . : ; * ! . . z : + 5
] y 4 % 2 2 ¥ 6 - - &
- . ST~ » i : - . X
- - 3 'f H = = " - 5 . -
! 9 # = . 4 - il hn
r . = i - L = ]
‘-'-i‘_ = 4 - n & -
< i = M L & i e - T = LR 5
L . - - \ : = P - o - - —— - i - g e
. il L - W e
. [ o - & - T = i
- . = e ) S
o - - S - g . . 1 5l
- - . -
- A N = = e M = ~ i
- 3 h - - - - . * o i - - 3
. ; - ) . y - ; L e -
2 . i T = e e s s e 7=\ . i
- i - - T T e 5 * - b i '
s AN - PRI e - . t‘.’-.». e i ; X - 3 :
- T . - Bl S h.__ | T & N o . . =3 o i o w e E - o .
- OB N T # E - " . g E & = 5 " —ip - - 3
a “ = . \{ = = . - ] M W £l
. : X g L . L - - &= - N
. - - pe = - - ¢ v A - o " e ' -
4 - - iy = N n -y - : 4 » 1 .
i £ * o ; - Y ™ . - - -
3 g L B r il = " o 7 " ' ™ ) ] i g
z = . - - . ¥ =
= P = ® - B e BT e e 0 3 = . . .
2 - 3 - b 4 - 2 : F " 1 2 4 - s ‘-"" 3 .- L :
: a . > 3 - o~ - 1 i R - : ¥ X v - - . v ey
- = - ] \V - - . Ll * - - R s - . E
T : =4 A —3 1 = ol =y E u C R L ;
- - e gl - s y -
. - - i . ' - - Bt = o ' e b - S = . : v
r - - a ' - E 3 1 » - . = L = ] ! = : % o = " s i
& o o = 3 \ 5 . - - = - = - } = g # . = -
= - - - = L b
- B ¥ - gl . . . = . i X s -4
- - L P e il s - . k E ' H =
& - L} - - = - E = - - -
- - = v - 5 - E o - - 4 = . L o ’ = - .-
- - - - - - X . " i - = -
5 = 8 . - - ] - g . ol ot - - 5% % Ey # : - l -
- s - - e, " 5 - s - <3 -
i 5 o . F ‘ J i - . : - - - -
- - » = - — —— - it i 4 " (] = ~
H 3 " 1 & - 5 - £ - T = = = - : k =
M - =3 F o - - w '-'_ E
. - . 3 i . - - & = ™ . - 5 Ll
= - L] u"- Py = # & - e - X L ’ b=
- -.. - Pu .'-'_. £ T e : g . - - f 1. L
- - & ~ ': - . - - - - - s . - L &
- o~ . - . . " e v ¥ i . - E o
= n b = ., . o~ i - - _— o i ; L ‘ ' :
- - - - - = II - -
= k£ : i "
— ' ™ - - P - ¥
k&t i & = s - A ¥ E . e e " J X "
- b - - : - > - = . & it - - y 3 " . 7 ]
O I . " LT . - ,. . = i i f - = - -
- - = -
. v - i - - - - - - = L
I A = § m o - - & d - a - - i i - = Rl e
< o s o - - = . = s E - ] " 5 : :
i i - e i . - - ) i Qe - . - 1 B -
" : y ? - ;g - L . i & & i - ‘_‘ - L] - [ -
- y i - &1 TR . a W T
’ p 4 < - ' f & i' 3 § = r ¥ i. : % g A .
- - i ,I ol - - - = - +; l'- a .- = .
¥ i i y - . ' . y ¥ - Ll ; - "
- = . . E - e - i l:. 1 -‘ -
- - = - % w L s - O 1 : -
= = s . - - - - -
. a - _— 3 - e o " g - * - d 3 . - = - a T : 4
a " [ 4 * g : s 3 ' - . ] i - -
g ol ] T - - i ' - - - - =
) - - - ol
’ ‘ - 2 - - -
- N ' - .- - - - of = . . - m
o of 5 - 5 . - . : - b
- i - . - . L 4 ¥ Ky o _ - - 5
- = | re 7 1 P - . - i P 2 2] . I i :
- S - = = e L = = L b .
d 2 ] ., . w - - e T L - 10 ¥ - e i} = 1 &
- 3 . L ] - "'. - = 2 B - 5 o o = [ = - ] ¥
- g - ™ & - = @ 1 w T - 3
= I 1 - ] - 3 , = = " 3 - r " ua b ¥ =
= - ~ - - - ! i i = = — - = L i r & = - e L3 - : - -
= - - o Ll 1 i - ¥ - - = " = ¥ — - - . - ' Ly 3
- . ¥ i - - - .= _ -
- = ¥ I b - - e - 1
- - = - M e = e i - 3 i F - % .
# - T - ’ a ¥ 1 - = - = 4 = o - . - A ¥ - [ ]
= . i, ; = P = - L -
- 0 - I o 2 L - g - - ® 5 = - M - = X -.'-l A "
- l-' - L ol - L i -1
2 - a I T . - o - - - a0 - L] = - #
, - 4 3 - _ " - M . = e : ” - 4 P '
] - P - e’ . i - = = - - o - = =
- a - E f - o gl u . g B
# - L =, b = - . - - AR 3 _— - om a o bt ' 1l %
o ’ ¥ =] = - . 1=F i - - - F : " = -
= - ot = f - - = - = - - " = =
- - - B - . 2 -5 - e - = & - I -y - - == i e i o e
r - - . & = - - - - LT 3 3
# 5 & u i = e - - . - - - TR = - ¥ . = - v ’ y = i = - N s . T _
. = ¥ - - E P - - - - - = e e 2 B -’ " v 'r -
- £l - F - - ~ i i ¥ 2
- " . - . L - = o o 1 = 2 - - '
* - & - v sl - - . . = = . ol = -
n - = 4 - - - - - - = = = - - LI H - - - ¥ - "
. - - " ' ¥ - & ® . - - ¥ u = - . 3 L i "
P b = L: - o = r M e L s =. - 3 " S | - " i E & N .
o v " . F . P . < . = — 1! - - . : =
= i o - = i ] L 5 e =, - - & - = - = ~ e = - - '-__ i - - - " S
. - . - P ] L il T =" i 5 s L - i 33 s - g ..-r_ ‘ - z
s - ol - . ' = M .
- - . - L] et At ALY . = 2 P - 1 & = :._r - - - i - : - - 3 - - .
- - = - - - ] * . = it ] - - i - '-l'-' - - o e ’ ” - " i
- = L - - & - - 1 - = - -
- e 4 - - 8 " —— - - - ) s e P - o
o - . - . = : . L - e il - ™ . " ar 1 - -
7 a - ) = . e - - 4 3 - o T s . - = . g - i o - . A - - !i . -
# n a E = - - - . - F-. : : —r . = .--"'-"__ sl . - : ” - A e il 7= i S :
- r - x = - < = " e - = '-I . : i = -' ' 5 e i, " i e o e e s .
: - _ ~ sl o o e 5 , o o A o g o 2 et TV e N S g S ,
- = = = i L = ot o ® A - " & ‘._‘ Lo & == -_J‘- -‘-'. " . - } " -r'-'-' i A_ : ¥ o "
a " - = -+ p— o i 1 - - - = L - S
= i = 2 - = - v - - o B — - Rai - S e e = i
~ - = L ¥ . - - - ¥ - = - S .i"' = 1 e e il = # i\ 3
" - - . e = =, e - - - . - = - e - "1 e - A . e
> ~ - - - o - .- - - S - - L, - ¥ e f o ' e
= - . - : 1 s - - - - - - - g e T g o = = 8
g - - PR it - - o - = - . 3 - R e T - =h'n e
. ‘ . # 2 - - - . - : - = = o . ot = = - a 2 -
L ® 3 - - - s v - T | i - i - 3 i o - L - 5 5= - - = _ o ’ - - LA 1
- o = - ] d i . " . - ot - - - — ._-' o = ™ - . T "‘ = E i - Loy
- - - - - L - - i o - . L = i ‘_ =
- - - - 1 - - N e e - ni e L) - - Bl - o -, Pl " s ) e d— - v = .'J X . "
= - = S '] - - - - # - T o = i .
g s < " = > . = . - - " - - ' - - - — e gt L "
. = . * F Ll i L [ & ¥ . . - e - T m - - = P - = -
- il " = 4 - # i r - - ] - - =
- - - - L i - - 3 kg & " L]  w -| 3 . o B ot v - - . - g = e -
- o - & L ; = - i i - ™ - & . -" 5 = - e o 3 - - e
' el = ; - e ¥ L "'- - = e i . e i r. — R o L ha 7 _"" Tt N . - . s e = = e -y S L ‘. p q..‘
" - - - . W " e T S - > = i -t =
ol - ¥ - - - a =i - - - T w = - = = =% -
r - H ) " P = . . Al - e i
- 7 i F # g - T - .ll“{.'.- e : s - 3 - i x - r = - " : - - 7 ¥ ._' - - = - - e 7l ) - .
- - - o - - = - e 1 = - 3 . 1 -
. 4 . # “al e - e = — - ¥ ¥ - ikl L Sl = e - -
- - i . . - " - oo 2 - " - = & " . ¥ = - oy e ool g = - E -‘_._ e . T i ® :- = - i - 2 - i
® ” o 7 2Ll - . - oy . P . # - —a— - Ape=ii Tl | g i "‘_'I'" - - - 3!
" d = - - P . a e =5 : - - - b e » o I L U b
- - & - - i f o & & - ol R o 1‘ ' " *" :-, - # e #s‘i G e — BTN . - : o
E - - s = R - = e L e — __:..mﬂtr"* - P = - et s S - " ™ o E
-~ = h . . ] " - —— - - - S o
y w p - * TR sl g W R e - = % = g S g e i = g ¥ = e & -
- - f = = i - # - . - - - . N = = : * g ol - o - 0 F e - o E y T - ' - =
- - - = = -'. — I - - - - = e - - = e = - - = N ol Bl - - - ey .
- - - L . * o ' - # - 3 & " S - il e L A - T g - " ¥ - =
L - - e " - - ¥ - A = - iy, ¥ — + . . e L=
- I’ L . o . L - - ¥ T = : - a - " a = £ B I-l “"l-- . - .' e -— r
s - s e & o - ™ B a e 3 - 3 - o e e - Ea - - iy 21 y - g - 3 ﬁr =
F = - - . - # = - 3 ﬁ '“" - # o B iy e T I . Civ b -
# & iz r 5 _.'.-"'"" e '=' - - . “I : v = a % TR e - L e i -
- " - & - o = - i - H. " e = - o A i - - e [ T
4 - y - e . » ! e r ™ L - L4 = r 1 fl- ‘ - = = - e = = - 3 e - b i L . > g, by o - o _' - . - -
. L - u - - d' i e L = = ¥ - . L
i e = - T = - -'h & o s = lh,“ = :_'- P s — _"‘." = - - - . — - = L . i'r-"r ...‘- '-..- s '-l'f B = 5 A = - r = = W o
= o = - iy L = L 3 - g - -l i - ™ “ 3 - s L = -
- - L - = - o - . e - Gl e = = Ll i‘_ 3 _.IF = - Ry - - - - T o '-_'_ - " --'-":“ ﬂhi m ¥ L B & . - ™
- - - " = o & y r . - o — F o *‘ i- .i‘- - R " - i e | -
- it = - : i - g & ] S - T I i" - . = . - - ] - - 1 - Ty
. il - or b - i K q“ -, aw = ¥ - " e K T - - . - Siyhs ey
. - o e i - < CE L T R w - e o - e o - e T ; ‘ -~ . £ - Sp—
- *. L e W ’ *" i - 2 L 5 - - - s Fa t - . ' A = & - - a2 =
* ' - i - F F o 2 ] - an - - o et L e ] o ¥ - :I i T - I S i e TR g
i . 1-;.- - - - == - = F — e e - ! - - - ; ﬁ - P L . S " o i - - - n 5 - _ﬂ-“' = o , -
# - = - . i a i F 4 L e z - - a 4 - ! = E 3 r" R - - - : i : x e i’ - L
- - - o~ - . = - -t - 4 i ) e ¥ - " S it T e . - o e l#.. W --"'l | -iv. o Tag L] -
= - o X = ¥ 5 ~ i Lo - - ¥
. - E s os . i f;'l' '-é‘ b & E," ik *‘ " - . -y - 5 - !.. - R e = i i S ~ir - Tt
- - " - ~ - - o . Y = L i - = =
P ] - = L - . . .é = - - '. P ‘ hf' - . .-. 'F - o - wa 7 4 - - - s f.""-'i—-....-.---'l""-l"- ".,"-l' 1'.' i e L Wi et i
= L '&-‘ ] - ¥ am e . - AN " L - - o el Y T =i - & E - -
- W - = . g - - e - = ¥ - " - o - e ol g . o : i
- “ . = - I - ® e y - = o HIEI e - e - ™ . - F el e gl I P & it . - -
» . L - S - - - - o g il - - L | - o - = L L - - - - - it i W > 1 e B e 5 = - .
A - = R » : = 5 = = i A ’ - . ' _r.. = - = & — i o - = b _- e L N = o 'l'.]r-".r."- “- i - - -l #F_': " &
- - - - - e w E - - L g T4 # o ...:r- .H.‘ . :‘ & e o 4 o . = E '1 il B '-:-' — :...| _.‘:‘;h‘- "3 ..‘IE\"’H‘, L
- A ¥ . ‘ " - EOU - S = _? = o * o - = i TRl . . T L e ® i | —
: ¥ o o - L L - - a e T L Y - G e et o e A R i
' - ' C A . L e 2 * ¥ : : & o R SR R T X T S 3 o =l o
-l o - F . i‘ - - o - - - ] - - B ' - b e & | g LA : = &> - s 7 1‘ e .H-‘ - Fage ‘. i i ol e - - 3 -1_ * 1*-_
. = - ; - - - i s Y s 5 # - e t. ‘ L - r- N e, L . - i ST . ——- it s " - pe ¥ "'_'.._ '\-lhﬂ*_ - :"-"* - & T "
. y . = y E WL A e e e AR o L =TT e il T jss ~ s e T T e e R i
- x L - e, e . = < - - L B . b =, T i - oy s = e
" e s i L] o '. - - - I“'- i ® ! il - @ e - - I'i'.i' s . F' = - - - ‘..-“-'_.'r'ﬁ.- L - ‘-' -
o - F 3 ™ e . 3 . e e L% - o S Wl e st B, e e A st Sl el e 8 1 el f B :-‘.""-"' My s MR . -
. - ", & - s L. '_'I - el J — .-:'_ﬂ:"' - - - i i L — i o i wie' - L | - . .-'-':M warl < 3 i " ‘-.i.
- 1 . g -l - - & - 3 s i ;...-..-"'* e = - - o g _"‘ ¥ g W - g ! W am - .'.‘-"' = "-.p- ==k i - - .": I.,_:I r, - # - - " 7 - Hl-f
¢ - - i = - e & ¥ et : - T il | gl L~ o < e L T, S e ST s i S s Rl 'l.u‘._ - g ey
b y gt < = i ot - ] -J-f g - e = e ~ £ -.-."'"": - 1o ® -; il Fai - [ i Y - 'ﬂ : :- e e S 3 sl B s = ] '-:.
2 ’ - = - - S - o o B g T L —— - = o " e e - - - R #“M i = = e
= - : - R A - = F - - - 5 i il i & . S i i O S i il e il T - - * = ™ - e i Sl . The
i a -l - " - LS .. ¥ il s :-"-.r_f;-‘ ..'”‘_ & e g - o - . l""-:.""""-l-' i #‘.'- & : -_'.. S < S — _.,:_.’:_r-*ﬁ oy q—'#l = AT, -_ L
- - . P " oo T - - - = e = g A s S e e L= ik el = ’ s - - g = - iy ¥ ey - e e
= -~ - - & o A e il - g " e o o - - " | - T * - i - = el - j‘:-. Sl T e . L o R #; § e " ! -
" . - et 5 o - - ¥ BT e gl S s . i el Sy Ll il L o i e S o aren” L e S R e T T A ey e
- - - - " . . - W ' - R i w . " T e o N .F. il -"'h.. =iyt = ""\-.I - . ';'_'-\J""ﬂ- i b n i
o ® o LA S - - 'l".ﬂl" o E - - b - - = - o L, e LT - ] - T 3 l___ p— = L%
e w . & - ey - - - gl s | E. F e il - e -y A i — i - | . " ' Sl
- 3 4 " - " e e o i - i A - - o i ., P P oo i g e S = . = e el -"l!= - - =yl - LR - e i -
- - . “ - - - i - o e - - el - -E.-"_ﬂl- s e - & S . g, ' W o
o= » A T - - i - - = 3 i = ' o M = - i --‘J_ P = -'I-FZH. # - By = e i - e 'ﬁ-l-_‘.
; - Iy - il SR g B 8 " it P . -, B - Lo 1 . S = Y e g gt - - gl O R i L i ol g o
r £ & # = = - = - = # ‘.‘ﬂ' = F e - _— -r- - R e ¥ . - - # - #. e 5 i e F'- - - J g e I h e L L "'*_. = ~ i ..1-’4"-.
= i ar - - - v f .'ﬂ = = Ll SEEL oy 4 = - - ey : T (] = T K o " % -
- B . i = - - L, - o = y & 4 Iy . b T i i q..""' - T e » e, W e " & o -1-"' o i-._ b"-_ & : -_J.J*!.-.-E - : i:.l:;- e Il I s ?'“u 4 i .
; 3 e - F ; ot F g e 3 ol - 3” b’y B iy - jw‘ =3 f A i - .:'..l" o ";'-: - ] -;##”J A e - - ..-H-" Sl o ..:'.. e L] ot " 2 1 R - #
- - T - 4 . = L g - o + il - L . i - - ;- i = = . - - g G el a |
- = P oo = - L -, gl T a5 E o — i iy - L — s . g o e PLERL O " --!‘-‘. Ao O " = i, ﬁHH .."llll'" M - P el o el ¢
o & o i . + - L G = a - o b o ' - e ) il L " - b e &) £ f o L o - .
' o = F S - - = - = e 4 o - - - . — o - p e N e g A s R e
¥ d i . v e e > 5 r — " g 7 - ca gl - = - et el ; *r“ ¥ A il .-r - i ";"H‘j—% '1' r ' .4 A L " #-l. L - ﬁ * i xS
o % i ' Py - % 2.5 R R e e e SR L, S e T e R R S BT el R L T e
2l - - _ - B - - = - e e a - s o i o S e P " ¥ re . s = e - i T l:,_.. B 5 g B -
- F o . - " ' i = " g B e e - = i ol E - ¥ P i # - : - L - g ey e T =
" ” - ® - - - T - - L L - - s = e P N |ﬂ - " | *-“}'4"—?* T e A g L ey g o W Wl T
i " - X o e = - = i ) i " ‘. J 3 #"' i = - - e o e ....""l'l = '.‘--l'-.".'."F - "-= " - o r -lrhﬂ' . — R ';an‘ S $:~ R - e 'r_.__!-._._ e el
2 ' L S Ty TR % [ e g S et R e o 4 A R o e Ry T e M i s e Il g ot g S e Ty (g o v TSR,
3 o - - e - A =l g 10 - - TR e - o - 3 -I". f..-. - - = Mg . e i = o o . T ey g e . ] ” i e i o el R
- g 3 ot - - g 1.;. " -." " }'-'- ey T --u-'.i"F -ﬂ"—;‘r i TER ""”“--"'l'E e -"‘; ; e f;ﬂm' - -'-"'.‘;‘F' - :ﬂ'ﬂhh’-# e H "Iqi-r.*‘.",#"ﬁ 'i-'-"i' *-—'-‘ra T i -
- u : - i 5 - " v F g i, et P " . s o ™ il | "'"rl.."l'-... -'# " 3 e H"’J" L % O i
- i - ol - g iy .- . AR Wa'sgm ¥ B e " o - e oo ot T e = F AT ol T e T o
- 2 " . - A , P = il - F gr ol B " i ¥ = L 4 - l""l.' - - al '-'":.. e i a L™ } "' el 3 _-"'" ‘-"'-;.. F'w;fn -
A . 5 = et THRELS R , . oy - i o b ey s e K
e = w i o - i - - -' - - * 1 # 4 i e ¥ fﬁ._;‘-\-}*!‘ ¢ -:- 'l.h-l-' - o -‘
- o - - o g = d oo - - ¥ =
X " P - e - = 3 # o i il '_.“ﬂ- H""'a,}-'i-"_,r‘ P - ""-':_,.. -h‘e""rh' "FI.."H'-'
o - W L A 3
¥ = - h‘l-ﬁt' F— R i ﬂF’:‘ﬁl-ﬁ"‘ wEl g 'J- ‘?‘
- = - = - e e iy ..#"‘ O
& ¥ Wl T % ' - ‘_1-1- %k
# " o " il w i - 4 1
3 < ol R s e O e e TSl s o b W IFe
r - e lﬂ'g' - -ﬁ ‘:'l =, I: R - ¥ o
| :kﬂ—- " . " ; ‘_,'p#_ﬂ e
- 4 el o ..-r..':.. ."'_f" . - "y"r 3
- £ = e W _.ﬁﬂl"'i‘# o :.i W i e o -
o ] --d _‘.‘-.. !._' "_‘ ._,-l.‘___,__, 2 g
: i . |.,.F'|f‘ s .‘.l- L, ':l g ,-._.F.l_a .
‘ s P Y HE L S
T e Sy S
! 2 " 2 - |'l"r-]g..._:" - ,r._'-'\-ﬁ-..-. R “"-"Jf" "-.:.ul
. b TN 'S [ i ] % .
ke S N e U L e UL s
ﬁ#-.lﬂ."*iﬁ! F ] 1,."-{..-;!{,&. e e
e § > x *.F _.‘_.. g H. i - = .:I 1 . '-llq".--i
- & Vg = e "F 2
[ = 3
- > -
r -
= -
-
o e
# -
a & .
"
# - 5
L
- & @
g "
i ™
. -
£l e -
| ]
- L -
@

o



all el e P Ve T in }“'E’ia

L - JJ : 2 - J-:*{:” . ;‘:J i ;II

cosl A i e v
oy -

F

LPmll il FT“ |i||fﬂ002

n L La A A A ‘ﬂﬂh
1100024676

1]

Low temperature oxidation behaviour of stainless steel in
presence of sulphur - bearing compounds / Kamarul Azlan
Ahmad.

| PERPUSTAKAAN
KOLEJ UNIVERSITI SAINS & TEKNOLOGI MALAYSIA
21030 KUALA TERENGGANU

HAK MILIK

. PERPUSTAKAAN KUSTEM

s Do Teknoloal MQIQGYSICY =




Cow nNEE T i e bt g
S Den TLimeisal Malovala (KUSTEMD

LOW TEMPERATURE OXIDATION BEHAVIOUR OF STAINLESS
STEEL IN PRESENCE OF SULPHUR - BEARING COMPOUNDS

By

KAMARUL AZLLAN BIN AHMAD

Thesis submitted 1n partial fultillment ot the requirement for the Bachelor of
Science (Hons.) in Chemistry

FACULTY OF SCIENCE AND TECHNOLOGY
UNIVERSITY COLLEGE OF SCIENCE AND TECHNOLOGY MALAYSIA
UNIVERSITI PUTRA MALAYSIA

2002

1100024676




LOW TEMPERATURE OXIDATION BEHAVIOUR OF STAINLESS STEEL IN

PRESENCE OF SULPHUR — BEARING COMPOUNDS

By

KAMARUL AZLLAN BIN AHMAD

Approved By:

Supervisor

M Mbp A A—

(Dr. Misbahul Mohd Amin) Date: MOQZ

Project Coordinator

i,

a— AT

(En. Suhaimi Suratman) Date: VAR

Acting Head of Department of Chemical Sciences

S

———., /
(Prot. Dr. Law Ah Theem) Date: 3/ 5'l/ 0

11



ACKNOWLEDGEMENT

Assalamualatkum w.b.r,

First of all thank god because gave me a chance to do and completed this project even

having a little problem.

I want to thank also to my greatest supervisor, Dr. Misbahul Mohd Amin with all his
support, information and motivation that he gave and teach me with his entire patient to

finish my project. Thank you so much. “InsyaAllah™, I will not forget all your advice.

To my entire lecturer who had been teaching me for three years I'm being here and give
knowledge and too much advice because they want to make me studying successfully and

get flying colors. I also want to thank to Puan Kartin1 Mohammad and all laboratory staff

in helping me to get data and help me to complete this project.

A muibion thank you to my parent and my beloved fiancée for all their support even 1n
direct or non — direct. Thank you very much. I love all of you. Thank you also to my

course matte and all my friend especially my housemate, Mat Yo, Bullah, Mamat, Pok

Nik, Nordin, Faizal and Jemin with all their support and I glad to say that I am happy

with them.

Finally, before I ending this acknowledgement, I want to thank you to all person who had

been helping me to completed this project indirect or non-direct whatever 1n anything.

Thank you.

11



ABSTRACT

Generally most of the metals exposed to the corrosion process as a result to reaction with
air at atmosphere (nature process). Normally in natural condition, the corrosion process
occurs at a long period of time. However, corrosion was more active with present of
certain matenals m corrosive agent. The low temperature oxidation behaviour of stainless
steel was studied in the presence of sulphur, Cry(SO4); and MgSO, 1 the temperature
range between 700°C — 900°C for a period of 120 hours. Overall, the ionic salts have
harmiul effect on the protectively of the scales and rapid degradation of the stamnless
steel. Magnestum sulphate (MgS0O4) shows it cause the most active corrosion at all
temperatures. The kinetics curves show a substantial increase m the oxidation rate at
temperature above 800°C. The alloy exhibits good oxidation resistance below 700°C. The
low oxidation resistance above 700°C is related to the occurrence of internal oxidation.
The susceptibility to suffer a deep attack by internal oxidation increases with increasing

the temperature. As a result, the corrosion process occurs more aggressive at high

temperature as 900°C.
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ABSTRAK

Pada amnya, kebanyakan logam akan mengalami proses pengaratan akibat daripada
tindakbalas dengan udara (semulajadi). Biasanya dalam keadaan semulajadi proses
pengaratan akan berlaku dalam jangkamasa yang panjang. Namun begitu, pengaratan
akan berlaku dengan aktif lagi degan kehadiran bahan-bahan tertentu sebagai agen
pengaratan. Sifat pengoksidaan pada suhu rendah bagi “stainless steel” dipelajart dengan
kehadiran sulfur, Cra(SQ.); dna MgSQO, di dalam julat suhu antara 700°C - 900°C untuk
tempoh selama 120 jam. Keseluruhannya, garam 1onik telah memben kesan yang kuat
kepada perlindungan bagi skala dan darjah ketahanan bagi “stainless steel”. Magnesium
sulfat menunjukkan pengaratan yang aktif pada setiap suhu. Keluk kinetik menunjukkan
sesetengah peningkatan bagi kadar pengoksidaan pada suhu diatas 800°C. Rintangan
pengoksidaan bagi logam ini baik di bawah suhu 700”C. Rintangan pengoksidaan yang
rendah pada suhu diatas suhu 700°C menunjukkan kejadian pengoksidaan dalaman.
Serangan dalaman dipengaruhi oleh peningkatan pengoksidaan dalaman dengan
peningkatan subu. Daripada hasil yang diperolehi, proses pengaratan lebih agresif pada

suhu yang tinggi seperti 900°C.



