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1. A =
Chemorhcology% rtheology @] AJ2-¢ Bl Foba A
a2zl 2ol Bl (degradation)® whe] FxHIE
EEM, slebrl Znjolx] BE o, Chemor-
heology & A 33 Tobelsky & B2 &4 {elas-
tomer) el 3-#L3E A|7k2t el 4w FA s
o eAel skekA 23 (chemical degradation) #H4&
E}‘[H o] % Q‘Lg‘}- _,,}240” :Qj]-'cﬂ—tl].__o] ]E,}
o o @ Ake Bke 213} (chemical re}axatlon)ah_
gk, ”'r?iﬂ}zi az]e) Z (creep)ol Th]AH F¥hx)
Al shelupgo]l ol Fxinl
3¥ebH aefo] £ (chemical creep)olzbs &FeH1],
Aupd o g ugal ol WAL & =AlEl shebA
21355 (chemical relaxation rate)s} 33z ze]o]
% % % (chemical creep rate)?} F7}shar W+ A4
(durability)e] 7Zhagbeb[2], whrbAdel] od ehsiasy
(relaxation process) = A%l €3k 7|+
aA &= 7] (physical mechanism)2}
gk 719 (chemical mechanism) ® g~ gt
el 795 2kskes] A (2] whaialey ol A
ik 71All (gas) 7} kAl sled ) o] WA
] (internal free volume) & S7FA71A] slof a-alel

,i«\ uj —-]_

0

(crosslinked polymer)

(mecha-

nismy -

(free stateyepd  Alze] A3 27| (linear dimension)
v Frlebdla, 288 o 9l Alef (stressed

18

state)epd Aelo] 24T (creep rate) 7} k¢ Aol
ok = o 7RRe) islE 2 abalAel fsle] AE
o] ml4R EA+E ("hot!
molecules) ] ol HaE9 ofrlefiin
excitation energy)t 84 73} (chemical hond)
Azl o F-Fstaut 2h8}3H34 (relaxation process)
4 % 3%} o4 (activation energy) & FEal=ul =
ZAelet, wepd] olF Hdd o] %R (super
heate dmlcro—reglon)-a‘OF dhALA zalek {radiation-
dose) 9] ket Al F71 s 1zl B9 913
M-S 7H5-8 (acceleration) AlZ ok Aol dlx|nt
c}y -.'ql. %az«l 7HL_+0 /ﬂa‘l)ﬂ Z.ﬂ;lr _r_._l_o’}.ozf MC
Heo] QA ARolet, wlelbd EEoMe slajile s
gk ERE E4e g3kt of 7[*#—‘% & w2
(degradation process)& 33t ® 7] F(chemical
mechanism}&] Zrdoll 4] Atafio},

5 (micro-region)oll =78

47k,
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2
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2. X7 2tc|ZH(free radical)2] M

ababAl (radiation)ol] JsiA A7) ZALEL 219.q
o) & {ion), =X I/ B4 (excited
molecule)&olv}, free radical 2 F3 o371 ¥Aly %
248 (dissociation) ol ©]dlo] H43=lcH[3],

2} (freeelectron),

AB* - A-+B-
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uhabdd Fapsl wRpaEAde] shshRd

olel gt of 7| AT %El*{, Solu} Bo i Hxziele] A1, THAEES
Aglo 7 aldle] thit SHE HIE F5 vy, Free radical o) o w3 sbAlesd e TEel0d
ABx — C+D FHA AL
AB % +CD — products AR - A-+B.
4.2, MEHS
3. AR 2tclZ(free radical)2| & A4ukso 2 370 free radical $¢ THat 2ol W)

HA 7o) AAres sl ek,

Free radical 52 #l2gm42 olsle] Edxes 1HS- (Atomic  transfer reaction) | T
SapAshe] weba] wheAde] oS ok ulTRdA halogen %2 21747} radical & o}58ted A radical &
G2 radical o) WEHATS @ 4L olfE4 go  THIAE)
ch2  Bxziele]  #zjolZHbg- (electron transfer reac- A-+RX — AX+R-
von) % 7AA AEz o= radical ‘>] s} ol ) 7} uk-2 ( Addition reaction) | free radical o] 25
214} free radical 59 ob4 A (WtHE “I‘o]-“ﬁi w}-2-49) 2 atell 2ol A radical & HA g
o 350 -gpebd el WAE aAFE Aot4l, skt A CoC — A—C—C-
ole radical @ wlE-f-H 27} wlgd2) 3} (delocalized) 2
£ olchmd 11 free radical & SHAAe ubg Foh & & ub] 7] 82 (Fragmentation) 9] E}’Q_E\l(ﬂ—scis-
7ol o & Svi w8k (aromatic) {ree radical & sionjo)ekal g2t o] w5 ulE-FAAE g5
phenyl ring ol 4¢l 374 (resonance) Wil A= off ol Has Ames Al radical 7 ol FA%E 7P
{aliphatic) free radical 2ok ek sbet[5], 2] Hzps} Al goh

e 01%—&1 allyl radical & 74-%oll4] B3 ol g4

R-C-C-—= R-4C=C

A5 shal ehaddabel iAE BEsE I o

radical & 1A E 471EvE, Radical o abdAel 7o Zyg Bge]al s 7l alkvlradical o R
e ok olabs gl 7‘LOQ(steric hindrance)e|t}, o] ukgel Srabei[6],

z ol zbel A} 2wl HE4E radical o abA S A4e] & ke (Rearrangement) © 287]71 o] 5o
Zyhglt}, ol & B9 phenolic antioxidant 52 alkyl 24 olAEkaYAlel Toi3)E free radical 9 H]E’ f
racical (Ryelvb  alkoxy radical (RO.) ¢l+} phenoxy Adas AelE el zeistel ®eh v ebd

radical (ROO.) 78 vkg-4do] ¥2 radical 5% 54 radical o} S vhS-084 o T

o] W& gromatic radical (Ar)eivt phenoxy radical

(Ar0.) 5o fﬂﬁ“]?l“% ule-do| w2 aromatic Ph Ph
o]u} phenoxy radical B2 Ahz kA ortho vt Ph—é —(5H . Ph—é —(l‘,H—
para 9 Zolf4]e] gl "LOH 7b AR Zobgch, wlE | |

A7} olie shesialol Lol ol Agle SRk B Ph Ph

o Ei'gw%q*—i‘.@ radical & FH =7} Frkohc *V‘ & vk

2 o} ald] 4ol zpell 7alehi Zlew duix o37]4] Ph = Pheny! 7|5 iRl o] o o]Fsls
N7 Phenvl. Halogen. Hudrogen, Methvl 71 5]
oAvh,

4, X5 2tc|Z(free radical) 2l EHS
. xlebs
28 ghr)zre] AgAal whg7|g- AR Gnitia- ol 8.2 free radical ¢) EAstn e Al (sys-

don), AA#elS (propagation), -1elal HRREE (ter- tem) okl 4= ol ML) ol 4 gld whEo gx] A%

miration) % 3THAE o|Foz & AREEEEA Ak 9k%- (Combination)2F 24t A #4E-8- (Disproportiona-

1k (kinetic chain reaction) e}, tion) el 5§ 7} 7} i 5],
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AN Combination) |
R.+R. - R-R
g st o vp ol b wlf ol o] ubga o 4
A alofutol o] ghelel gm0 g oldled o) FalF
{dimerization), 7?-?‘12 7 {branching) &2 o}g2x
{crosslinkingy Bl of7)xle} 4],
Bt A B {disproportionation)
R-+RCH, - CHR — RH{ RCH—CHR
ol MEge 9le]
aromatic radical £
Lha] eE=rd],

Agpigrcke 44 Qojue] 53
A9 Aol $FAEL0] o]

5. 7t 3 Z g (crosslinking) @ =3 @S
(degradation)

il Aol i3 crosslinking &} degradation £ 3%
2 249 g3 4 mI e Tas e
2AdoieH7], RER FH| £ ova] S 2
A sk SAfol whet Atw @ S glan F8f
o % oirh[], whabdel 28 33 HE(=CR)

B
o) 22k AP (=CH-R)2c}, ® 23 Z¢L 14 4%
(-CH-R)® o} A #lejzlct, sivsld of% AT
gl oA (dissociation energy) e 13 A¢>2 3
AY>3 a3 Al Alo)r] wifolb|4),

R

QA= -CH-C-71% 72 23 paLalol <l ol
R

WF3-8 shi el 9leHY]

%% olefgt ThAL ofl9]& oAl Polyvinyl
alcoho] & whabAlell o)) Feiubg—2 2ozlei(10]), 2
bR e g wefjA], walkol elaiAl b & (crosslin:
king)# &4 el (chain-scission) 2 S-&|off ot
ek, WAl 2L £ w40 AL ¢
gl ubg-9] A (net effect)ol 23l
T ‘”B} “&O—‘f -‘:r’Jh‘*‘a _z_ﬁ»x},] 7}331751

A A9

= r;},Tf_ %

T
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= 2l =& Ao|c), dRlut AvkA sludle T

A} &42] embrittlement & &

s A2y A1E, 1990

24 3} {degradation) & 7F3% Zelti{11], ubatalol] &
3 dglele nEA AL wiAne] ZAA[R] wir
modulus W strength 58

2ol g},

6. 271 JlmZE £ 2SS £&

of ojxl= g&

Chapiro[ 3]+ ]
o stz 5 & _0_‘::94 stag A
nl o] £x o &4
4 Fau e *OEM WA 2 g
off 2A zivhah Ao gal Awd += glch, AAlE
Jenkins[13]+ 5E3H4 (rubber mixture) 2] 7}m#l
&5 = Arrhenius A% wh2x] obEvin M aigicl
Whabd ZARS S 2b adap Bale) sl 4wl
ol Qe A T AR E o] AR S ik
H#e radical 9 #3541 (mobitity) o] . B & 9balAl
off ofefl M7l FAEAEe] 344 (diffusivity)el
o}

asieh s

AA gols Az 2o glEe aEA B3l
A zhand el whalAl 2ARRE o EA4E fé
Aol 2= (Tt £54 (Ty) THAA F43] Wsln
aek, & T, olEty] ExelMe radical 9 FE7)
Fepgieh, ukel T, olAbe] xoA] WAl RALL]
Zeky 7lust Sxe 48 oY deln Aol

Ty olslolti Fai7} SAlele] nEapz=al 7pasde

2 7oA 5 sle 278 AFERAE 285, ol
Aot o] FAY Bl T, olselA ohrls
g}, ol & 5 poly methyl methacrylate 8 S84
= —20CoNA 4% HElele] s elale] 2x )
Aol T (=100C)dME 2 45 7o Haia|
-«Eu}[ﬂ
FulA 80le Azt wnd wlaplel] ofsf AAJE =
-’Fiﬂ- e ZlAlsHEEe] A8 FA s i
radical 52 2§74 & (reverse recombination) & %
shsAde] wrh, AMHoR ol AAFE Slus
=8 A Aol siRlet et A5l gakid
of AAA 7S Aazi 47 wlA oA 2
Aels A= radical F 71#7F AAEEY H5L FolF
Helnz a2l radical 7219 Ate] £eldlA
7tm st ok 2 & el o 7],

J
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-E— 5 (Radio-degradation) 2|
7 (chemical mechanism)

zabsl alnk yazlel Rl (degradation)
HAL B spsbafge] s od-rsled kalgl ofA

5 Rk 2 (degradation) & 7|7 (mechansmiel] o

At vl gr 2 ™ol B} Burnay[ldlel &ist
W ethylenediamine (EDA).S g 43 (cure) A7) dig-

A{DGEBA)E  radio-
degradation reaction+- 728 17 %ol 6577 AU
2 FelAl (Delnk (D Hkge] b $-Alstet
(dominant),

Hikita =[15]s] ol &= DGEBA 2| 3 % a)
{photodegradation) ®vl2-£& Phenoxy radical o] &4
Hozay dojutet,

lycidyl ether of bisphenol

CH,

l

R OSROX
|
CH,

Phenoxy radical of DGEBA

2 Foll e CO.CO, CH., CoHest & 2 iajet &
ALol mizdlrbd A quinonoid Y aldehyde 752 AF
ol Aggich,

CH,4 CH:
|
—-C-©-0 -C— -0—CH, -CH
CH,

Quinonoid Aidehyde

IR Aatol 5 1675cm™! peak & F7H- quin-
onoid &} AAell, 1259 cm~? peak €] 44+ phenol 712
C-0 Aol 22 7leldkel, £2{7F radio-degrada-
tion & 044("5}01] alo| ®j4k3} #3 (non-oxidative pro-
cess) ﬁ]~° Wl rle) ebrk efialed Al guiel &
3l =] ‘}l'” g 2 E A AR 2ol EBrhsst
7] Wl Solch, AT LalElo] Y Abh wlfol A3t
of 93l #al (oxidative degradation) & ZhetslAl %
& £ gleH7, 20], AkE EAslel A ¥l FHE o
2 A48} (thermal oxidation) & dted ketone ojv} alde-
hyde 7} hydroperoxide‘% carbonyl 715 A3}

A ®eH16], =3 olF hydroperoxide v} carbonyl

RS SR

| #shf e ok 21

At saksk A (pholo-oxidation)ell 4] &Sl 23
i

A} fsensitizeny 8 ARG Bl ShRel (photo-degrada
om s she i g gh s eieiing,
Tsuji S[17]& =43l (photo-degradation}ofj 42|

sprol edshel ofsl of2 sl eItdck zEP
del4del A mhab wejullelld Alxdtell 8] radical 4
& (vicldye] Aaslol 4] radical 9% (yield) 2 vt 4
A 24 viehbs 2lg wbAs ek, Alasielale] w2
radical vield & Jelll& olf-& Ala¥Alel nEAR
o Zoj7 HEle]E 2% (charge-transfer complex)e©]
E4A (UV absorber) 8. #2310} 249 A& Be] F+
shit 5 32 ozl 82 radical & RbE
wlko] F45h7] wFo)},

qrabdo] zAbs] 7l EA] (cured epoxy) . AE
(behavior) & epoxy A1k 2434 (hardener) &l kgt
At zo oall z-$-slch, Bellenger $°| epoxy 43#
of A2 F271 HEE epoxy A2 XA Sl
o] sFAkEhRg- (photo-oxidationjell wl&+ < &l
s oA+ vl Aoi[18), rEo] A& epoxy 2 A
A F 19} ek, B AAE 2 Ao §
7} 8-9-2 (IR absorption peak)7} #i8kE-2] amine &
2 73k epoxy @ A$E 1735cm (carbonyl 7]l
& peak)ellA, #EEo] obd amine 02 73
epoxy & 7A$E 1670cm* (amine 7| ©1&F peak)
o4 7zt vpebge), Carbonyl 717h ®AEE sl
o= ofz] 7px 7} AlARE (rE] A
carbonv 71+ 22ab 854 (secondary hydroxyl) 7}
236 g4919], 2 2E A7l wE HA
F3 292 (1670cm™! peak) el 2748 &Py
& amide 19 AAE (growth rate) S S
(non-aromatic) amine Al 733#2] a-melthylene
(-CH,)71¢] 4 (number) 2t HAgE #A7F it &
amide 719 A#Eo AF2E o-CH,9 2} vlalgt
tf, olf3l Atz He] Hap A (intramolecular
propagationjolvt 3 2 (tertiary) amine =& Zoff
i (catalvtic effect) & amide @A 7|75 &
8 4 urtlig, 19,

2 H=z),

R.

o
-tH, “NeCHy = —et ~CH Nl = ———
i
H
9
~CH-N-TH, = ———p =CH-N~-CH~ ——p -C-RT
! many ways
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=

OH o

I 1
m ~CH;~CH-CH,-0 @ .. =——+ —CH,~C-CH,- o‘ . +H,
CH,-CH~CH,-0 . CH;~CH-CH; -0
\N/ 1 \N/ I

; OH ) 0
CH, CH,
{an 1 -t ! +H,
ICH: CHZ
!
N OH N o
/ | AN 1
CH:”CH‘CHI—O CH;’CH"CH;‘O
CH,
i
am .4.-CH2‘-0-@C O0-CHy=... et ...—CH,-O ﬁ 0 ~CH,-.. +CH,
!
CH, CHy
CH,
LT o O-CH
v - CH;~0 C= ~O-CH;* ~— —CH,-O 1=
CH, CH, +
reactive
frogments

or

-cn,-o@-c@o-w,-
i
CH,

- N
) \N'CHz ~CH;-N ——b N-CH*CH—N/ +H,
s ~ ' ~

CHJ CII'I!
!
~{0)i{re- 4Dt
1
CH, CH,

Vi + )
vy Cl;l, cH, +H,
i
...mo-@-c-@c—..‘ ..ro-@c-@o-.u
! 1
CH, CH,

8 1. DGEBA-EDA epoxy ¢ radio-degradation =F2[14]

s, A2 A1, 1990



HEabal oAbyl @ abEde] spehfwials of ) 23

F 1, o4y ThA ol EAjel A EtAl e <18, 19]

Hetine

clu, H
-0~ —X - O-CH; -CH-CI X —?— -—§'-
\ / CHy H
8]
Hardeners (atomaticy

H
HyN z - NH, z: _é.. s -0~ ~§-
i ’

Nardeners (non-aromatic)

N I

— N-CH) ~Cil; =N-CH, =CH, ~=NZ Dicthylene tiiaminae (DETA))
i, —CH,

\N - -~

SN-CH, ~CH, -R N-CH, —Cll, =N

-~
~cny —cH,

Amiftoethyl piperazine (AEP)Y

1

cHy, —N-—
e _CHy —cH o
C 2 Isoporone diamine (191
an” \cn, a-c/
PN
CH, ™
St wlszgh Abshilgo] Keenan 5[20]o) &b y

P,P-diamino diphenyl methane (DDM) 2.5 74 3417} ‘@-’.“C"z '$“°"= '0—@- —_
n " H,O

o3 2%l (thermally-treated) DGEBA 2| 22} amine
el e Yofir,
George 5[21)% A2l dell 284 1665cm™ H 9
4§ 8907 2o AL B Bellen @p-m, -C.,-m-c@_ ety
gor ok @} Gearge v- 1665cm™' peak 7} meth- " o
ylene bridge 2| extended oxidationof 28] §4dsl
Wbk carbonyl 7)ol 918 peak gfn spgch, =R
1735cm™t peak v 7488 novolac @l AeFE (ali- @l}~ H-CH~CH~»0—@' e
phatic) ether 23t &3¢ methylene 718} AFEHRE- " §
o oJall BdE= AE carbonyl 7lol] jgcka 319
o}

Conleyl22]e 58k Polybenzyl @ methylene @_NR_C_C“ -cg-o-@—
bridge 7b 934H8} RES-(thermal oxidation)-g& & = §
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Inttation
1} " M
'{HZ—CH—C”;‘ —— —Cuz—g—cﬂi—
Propagation
? G} H
=L CH —CHy— —
[+o]
‘gH‘ nw
oM — _ ST S n
cH ¢ —H; W, ?cu’ +
[vle) OCH
Branching

»C-q!-# -—Ch.r . OM

/

M I ] Slsmm

~Cn}-—c --anm- 1 «Ou-

Ot l
Hydroysis \

_NQ)

- H’-g “\.H’*
4&1 Diol Unstable

Cross-Termination

[+
-ca—:‘_ —CH; 4 L = | CuC Oy 4 ~En-] 40
H
PR “F [ "zd 'g
Gem Dol O

~CHC—CHs= + ~Cm
4

2
du ?

Unstable

@ 2. Carhonyl 714 A #4[19]

E 2. Carbonyi ¥ amide 718 &7
DGEBA epoxy & AAd#le] Axes

R

Growth Rates

(cm-1h-h
Electron density Carbonyls Amides
DGEBA-DDM 1.882 0.30 0.26
DGEBA-DDM 1.859 .25 0.13
DGEBA-DDS 1.683 0.13 0.00
&% carbonyl 7171 §49 4 3it}, Bellenger 5[18]

of 9&lw epoxy system 2 phenyl ring 2k il
(bridge)ell =2b4 carbonyl o]} amide 8 8Al£x
7b webAet, % amide vt carbonyl 719f 27| A4
%% amine 7d3HA|e] HARE (electron density) 7}

M A 2 7}@4(}; 2 3R), o] wlo] AR & akx}
qelol] 7|28 F Eichler £[23]¢ o] &A4el &7 ske]
AlAbE T},

Bellenger 5-[18)ell ©l&b4 carbonyl v amide 7]
of AAEETE 913 dadixlel Axlusol oe) 7ha
ek ol I 19 Z9k 2 bridge 7t DGEBA 9
ether 2% d2 methylene 7Y 2 alcohol &
a-methylene ©. 8 2B ¢] 4-4u 7| 4Le-(hydrogen abs-

traction}ell =|&= 9 ES (inductjve effect) wl&

fE, A2 A1E, 1990

oleh ulek epoxy 2l isopropylidene unit (1) meth-
vlene unit{ID2 sk carbonyl # amide 71e] =
718 E o) poll =A gaghe( 18],

CH,
| H
|
O 0riXor
i
] H
CH,
n an

°f B3 George %(21]0) w83 243 % 2749
phenyl 717} methylene 2.2 <d7=le] g)= novoiac
(DEN 438)] 4k8M4-5 7} DGEBA (Epon 828)¢] 17
RS BHH‘% ““PEFF—“‘ 74 e} 0‘]*'1‘44

& srefjidx) u)
AR (hlgh energy radiation}o] TGDDM/DDS epoxy

systemol] ©lAlE okl olshd olFE b <o
[24-28].

‘/’3\ N y QC,
CHpeH—aH, 1 _CHECH-CH,
,N—(: :}~c N
CHCH—CHS 1) TSCHECHCH,

o N\

Tatraglycidyl-4,4'-diaminodipheny! methane {TGDDM)
H,N S
2 @lE
[¥)
4.4 -diamingdiphenyl sutione {DOS)

250 AAIgE AREAr) (chain-scission) o] 3l

TS Asu ohest g,

M
~ ) -~ ~ v -~
N“C”a“‘f"CH;—N - N—CH;~C—CH,~N_ -« sH (1}
-~ -~ <l LN
Ok
~ - . -
/mmzmégmcnz-w\ . ’/‘N-CHE—E-—CHQ—N\ an
28} -

Peroxy radical & thg 22tz Heu} & (uke
Lo 28e A7l 4ol akg-gic},

I}{

¢
N—cui ~CH ww/ \V-‘CHz%CHZ 4 (Hn

el (JV)

4
b
9—’\;\—(}-()A ‘T :)

"Hr-N/ wvw\N-CM (™ N/
— "~
N o TEIN

N/

g...«-;_f) .



uhab4] g Ab®) G E RRE 2

5 oH
T e LT —cH N/
g emen e DOy R
o ~ OR
— |
Ly e |

| Hlo

~ i -
/N«CHZ—-(S—CHE— N\ {v)

o %

k\w—tﬁwé—’.u,-t«.‘/ 7
AR RN

i

W

From i

(V) uhg-2] ketone &
atod algo] Aot ok,

Norrish Type [ 9 ul-8-3 A3

- e ~ ? -t
/_N-CHZ—C-CH;N\ —qmn./n—cui- o e fCHE N vl

i

g (IVieree] zlkoxy radical 248 AREArle] =
Q)

5 gk,

ﬁr H%

VP S o @OH crenNTvVID
e G mtd e N—CH COH » sCH—

- - 2(5 I - ] PN

-

a3}t Abtv) EAaha] gt Al (system)zb (DEEEE]
aiky! radical = Axbsich,

(Vi)

\

N A

-
N-CH}—C_:—CHE—N\

gl

e
i
N

et
!
"
A

(1) TGDDM/DDS epoxy ¢ #HelA ~HELS o
o 1000 Mrad & vFAMd ZALEE (radlatlon dose) ol A
1720 cm ! peak < b (intensity ) 7F 100%, ol i I
shebsd et (28 3 2.

(2) epoxy 2o M7 &
asurement) S & A3 9 oA (surface energy)
7} Assiged ol F2 epoxy HEEWY] T4
(polar group)7t ¥hAkAlel olall F7iah 7tz weds
ek 4 3#R),

22 (contact angle me-

o

25

o

(3) X-ray phz}toeleamn spectrometer {XPSye 4

G faalel Abmabel AL SAF 4 4 sbel

T £

4 xb=a
(% T e

1-AS Cured
2-100 Mrad.
3-1000 Mrad.

Absorbance

1 i 1

1B0O 1600 1400
a3, wAAdel 2 d TGDDM/DDS epoxy @
1720 it IR peak #71H[28]
EPOXY {TGDDM-DDS)
_ - o .
g -
g :
a . LA
L .
5 1off
m .!
0 . . . N N
0 2,000 4,000 6,000 8,000 10,000
DOSE (Mrad)
b - D = "l‘ gkoll 2l gl TGDIM/DDS

epoxy @} Em of iz w3 {28]

~y =total surface energy
'ym = polar component
vea = dispersion component
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26 LEL SO
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