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ABSTRACT

Gasoline mixtures with 85% ethanol by volume are expected to replace the
former types of gasoline. The looming change leads to certain concerns on material
compatibility with E85 for fuel supply system of automobiles deliberately not designed to
run by the blends. The present research is focused on the impact of E85 on fuel supply
system. Fluid immersion tests complying with some part of SAE and ASTM standard were
performed. The metallic and polymeric parts were submersed in test fluids inside an oven
in which temperature had been maintained at 55 + 2°C for at least 2000 hours. Weekly
collected data, i.e. physical appearances and physical properties, were statistical evaluated
for parts’ compatibility to E85 by comparing the data to those collected derived from the
other parts submersed in E10 test fluid. A significant level of differences indicates
incompatibility of a part with an assumption that the part of tested vehicle is
compatible with E10. In addition, this study presents the compatibility test data of 6
samples include Tygon 2075, Tygon F-4040-A, Norprene, Superthane, Vitube and
Submersible Fuel 4219 Series for the application. The results show that the weights
of polymeric parts increase after the immersion period and the weights decrease
after dry-out period. Several polymeric parts exhibite the hardness increment after
immerse in ethanol. Some metallic parts appear to have the small corrosion spots,
i.e. fuel meter. The parts that are effected may cause damage to the fuel supply

system. Therefore, those parts should be replaced.
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“Uunanauagsiunn
Wave number range, e’ Functional group
3700 - 3600 OH (H,0, ROH, PhOH) (Dilute solution)
3530 - 3400 NH, (2 band), NH (1 band) (Dilute solution)
3500 - 3250 OH (Polymer) (Solids and Liquids)
3500 - 3060 NH (Amines, Amides)
3320 - 3250 -C=C-H (Sharp)
3300 - 2400 COOH (Board)
3110 - 3000 C-H (C=C-H, Ph-H, CH3X, CH,X)
3000 - 2800 C-H(-CH,-, - CH3)
2835 - 2815 OCH,
2750 - 2700 CHO
2260 - 2100 -C=C-
2190 - 2130 CNS, C=N
2000 - 1650 C-H (Phenyl)
1980 - 1950 -C=C=C-
1950 - 1600 C=0
1715 - 1630 RCONH,, RCONHR
1710- 1530 - COO - (broad)
1680 - 1630 C=C (nonconjugated, noncyclic), C=N
1680 - 1560 C=C (cyclic or conjugated)
1650- 1590 RONO, RONO,
1650 - 1475 RCONH,, RCONHR
1615 - 1590 Phenyl
1615 - 1565 Pyridines (doublet)
1610- 1560 COO-M" +
1550- 1490 PhNO,
15t5 - 1485 Phenyl
1475 - 1450 CH,, CHs
1440 - 1400 COOH
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d N ) L4 U L' o A = a 1 4
A5197 3.2 (fia) uanes1BnTYes Wave number fuiliidutianiunigandunadunsusals

Urunaniashuin
Wave number range, cm’ Functional group
1430 - 1400 CO-CH,
1420- 1400 CO-NH,
1400 - 1360 (CH,) 5C (two bands)
1400- 1310 COO-M" (broad) +
1380 - 1370 CH,
1380 - 1360 CH(CH,) , (two bands)
1370 - 1300 C-NO,
1330 - 1310 Ph - CHs
1300 - 1000 CF
1280 - 1250 SiCH,4
1280 - 1180 C-N- (aromatic)
1280 - 1150 -C-0-C-
1255 - 1240 (CH,) 5 C-
1275 - 1070 -C-O-C-
1230 - 1100 -C-N-
1160 - 1100 =3
1200 - 1000 COH
1120 - 1030 C-NH ,
1095 - 1015 Si-O-Si, Si-O-C
1000 - 970 CH=CH,
980 - 690 C=C-H
870 - 670 Aromatic ring
860 - 760 R - NH, (broad)
835 - 800 CH=C (our-of-plane)
. 7160 - 510 Cccl
730 - 675 CH=CH (cis isomers)
700 - 550 CBr

Vewg + M fia Metal
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3.7.4 N159ATILHR298199 N BUuNITNIAaUNATY

1 9 a

‘ ! [ va v 1 1 = v o
iflBunsuseanady Whsudugiifineug Wuiinvesesls Faluileidulaniun

-3

@y 1w i C=0, O-H, N-H, C-O, C=C, C=C, C=N uaz NO, visld inseiludoyadidyy

A L2 o w A 2/ =

wenfulasadng [16] Tunsusellidaindudunaudfunmsesioansiageu A

@

2

- Aeswiiiimdvedanfuvield $1fl C=0 asdpailiinlvgifl 1820-1660 cm”
(Wavelength 5.5-6.1 um)

- il c=0 WinssaevssluinBuansussianlvu A dulunse azdosliin OH
fintalng 3400-2400 cm” TaeunAsiesviufufinues C-H duduesluday
Usngiin N-H uasfivunaiiunaneiindiu 3500 cm” (Wavelength 2.85 )
uazueaseaedl 2 finvuinivhg fu dufueamesesusingfin c-o #lng 1300-
1000 cm* (Wavelength 7.7-10 um) dduneulslnsd@edl 2c=0 afifinusing
Tnd 1810 waz 1760 cm (Wavelength 5.5 waz 5.7 pm) 2 #in fuiudanlas
Ao § CH g 9sifinidin (Weak) 2 #in Tnd 2850 uag 2750 cm” (Wavelength
3.5 Wag 3.65 um) BgVNWIARVRa CH #in

- il C=0 msmsvmeudn duluneaneged uasiuea Tinsivgiinues -OH
Feaglfmapandunandufinniieilnds 3600-3000 cm” (Wavelength 2.8-3.0
um) Wemularsasiagiin C-0 Tnde 1300-1000 cm” (Wavelength 7.7-
10 um) duueeiiy asasam NH fin Fudufineuanandlndy 3500 cm”
(Wavelength 2.85 pm) §ududisesnsram C-O (wazldd OH) Wnlnde 1300-
1000 cm™ (Wavelength 7.7-10 pm)

- Aeswihiiiusy wasAewnueslsufinuseld §1fl -C=C- asllifinidine
1n& 1650 cm™ (Wavelength 6.1 pm) uasifinuunansdefinlyafluzas 1650-
1450 cm” (Wavelength 6-7 pm) uagldgaumumneslsindn uasnsali
wiladn cH Ainfueslsudn uavhila cH eedifinfivnadneves 3000 cm’
(Wavelength 3.3 um) &nfu CH azdun@nasldfinniewanvesfin 3000 cm’

- Eufuwuszanu (Triple bond) &1 -C=N asiifinuuiauunaislng 2250 cm’

(Wavelength 4.5 pum) &8 -C=C «zifindng wasuvaslnd 2150 cm’
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o

‘(Wavelength 4.65 pm) avavdeudnadiindu Acetylenic CH videl dnfuasd
#inlng 3300 cm™ (Wavelength 3.0 um)

- difhilasnfy exilfin 2 Ainlwg) # 1600-1500 cm” (Wavelength 6.25-6.67
um) Wag 1-390-1300 e’ (Wavelength 7.2-7.7 um)

- fudulglasasuau arlinufindng udaedifinluguos CH %adlnd 3300 cm’
(Wavelength 3.0 pm) awnedufidnuaisdiey Taedfindflndfu 1450 cm”
(Wavelength 6.90 pm) uag 1375 cm’ (Wavelength 7.27 pm)

Tng Wave number dfimielu cm” (Aowwufiwms) wnefisduougnaduse

2EEVNY 1 WURNS 61 wave number Wiy 4000 cm ™ AueTIAGY (Wavelength) Aa

1/4000 cm
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JUT 4.4 daudsznaulussuu Switch uag Relay vedsnsuinmaay A

Gl']i'N‘VI 4.1 LLﬁﬂ\ﬁWEJﬂ“’L’PJEJWUE]\‘l‘Uua’JuG\’N‘] MhumMageuBITnEUANAERU A

AWWUS | wuneaw | Part Number io 1882100
1 23217-21030 Filter AT9IN8U
2 2322121060 | Fuel pump Juhhudounas
3 23300-21010 | Filter assy nssnhfudemas
Rubber, Cushion (For 2 L .
4 23249-46180 g71959Uuan
fuel pump)
Fuel Tube sub-assy, anetsiudngos
5 17027-52070-1 ¥ -
tank Fuel tank main RRNIGN

Tube sub-assy, v L 5
6 77209-52020 aneviulwandy
Fuel tank main

7 77213-0D030 | Fuel tube viegnenathilve
Fuel tube, yoNuauIINg,
8 77269-0D010

Breather Mog1epautudn
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d 1 d av ] 1 n‘ o (3
A1319% 4.1 () HEAAIIIEATIDYAYDITUAIUAYE) NUNNNAFDUVDITOUANAFDU A

o ' - a
BITLLNAUS WUNELEaY | Part Number D YaLLyn
Insulator, o .
Fuel 9 23291-41010 AITDININA
Injector vibration
injection ; R
10 23901-21060 | Tube sub-assy NDYNUUULYDLNGN
Vacuum Hose, . A A
11 | 23827-0M020 viogalouniugainas
piping Fuel vapor feed
Switch o o ¥
12 83320-0D030 | Gage assy WNINTEAVUNUYNADY
ey Relay

< a ] § o & o ]
JUN 4.5-4.8 wansdudusngg luszuudiu@emasludiuees Fuel tank uagnnsng

P = ﬁv | 1
Y 4.2 LAAITIURELBEAYBIYUAIUNING

S5AT-B0300A

d 1 [ 3
gﬂw 4.5 druusenauludiures Fuel tank ¥89508UANAADU B
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E-15-10

S5AT—EOLO0A

5Uil 4.7 dauuszneuludiuves Throttle body vessnsusvndeu B
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d ] i o (3
U 4.8 druusenouludiuusd Intake manifold Y84508UaANAdaU B

o P~ a” ] ' a o (3
A1919% 4.2 LLE‘Iﬂﬁ']EJaSLE]EJWUEN‘UH?I'JUWN‘] NUINMATBUYBINYUANAADU B

FUVUY | vianelaw | Part Number 8 seasiden
FIAUANUT LYY
1 16015-S5H-T30 | Regulator ¥ |
WaLWaY
2 | 16016-S5H-T31 | Wire comp, Lead | ypanglniininsiudomas
‘qﬂﬁuﬁwﬁuﬁmwéa, N384
7. | 17040-S5H-T30 | Pump set B, »
Undiudaings
Unifiu, snsesiutiuedeu
20 17574-S0A-931 | Packing, Base .,,
)]
Fuel yoflinosnseiutiuiy
22 17630-S5H-T31 | Fuel Meter Y ome o
tank wainasluds
viamaﬂaﬁ"lﬁu‘lmj %30
23 | 17651-S5H-T30 | Filler neck o e G
vioAuu s
25 | 17653-S5H-T30 | Breather YAVIDUTIIUDINIA
29 | 17707-S5H-T32 | Fuel feed vigdaafu
30 | 17710-S5H-T31 | Fuel feed viedstiay
viovauuiu, viednsiu
33 17722-S5H-T30 | Fuel vent

drununauda
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15199 4.2 (A9) LaMITWASLBEATDITUAIUNNE V]u‘m'WlﬂﬁE]U?Jf’NiﬂEJUﬁVIﬂﬁaU B

fuvds | vuneaa | Part Number o eazidun
vieusasutisuantdn
2 16722-PLC-003 | Hose, Fuel feed o -
519%78n
quia"taizmmfﬂﬁu
Fuel X oo e
17 17726-S5A-930 | Purge WwWawds, vievhlaseive
pipe ’ Y. . v
yrsiundulusnlug
18 | 17742-55H-T30 | Canister drain | visththiusannseadida
19 | 17743-55A.930 | Canister filter | vioviinduainduluds
viethenmaursdudgn
8 36167-PLC-000 | Tube A, Purge -
Unide
Throttle vioweniAuEnd1Yn
9 36168-PLC-000 | Tube B, Purge S
body UNHLED
vishe AU IR
10 36169-PLC-000 | Tube C, Purge By ¥
UNNLED
Toswhdnfuthiuuas
20 91301-PLC-000 | O-ring 7.47x3.6 o
Intake 2INIAI
manifold TS intursiuues
21 91302-PLC-000 | O-ring 7.85x3.53 o
91NAS7
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UBNIINUENUNITANEINANISNUYBIUNULYDLWAIYUAF N Nilfevieu19Bnnatewin

2/

o = [T o v o o ) o
FIUITMNUIYATUNDIRAR LLﬁ%‘l‘t‘I‘Lu\‘ﬂum‘] VLU ﬂﬁLLﬁﬂ\ﬂUVﬂi']\Tﬂ 4.3 LWEJVi']'Jaﬁ]“VIQJﬂTuJ

AUMURDNS MUY DL WA AN ONUDA

o a ! a 4 P
A15197 4.3 uaniseazidenvrewinsnd 6 vila muviswmatanianldlunisvesey

o Y
] PONNNNIIAN

sngavidEn

1 | Vitube

NARINLAEY 100 Wasidus nusstutaiwas

2 | Tygon 2075

= =l P
NUENSIALNIN Methyl ethyl ketone WaZENITLALTULTIDUY

18lu nszuaunisi8nense nssuunsvuaedanansity

3 | Tygon F-4040-A

Awmdoslusauas \Ju Thermoplastic elastomer gnldlu

small engine fuel lines itag lubrication lines

4 | Norprene

v = d o
Fnununsgeduveavad Ilunssurumsinestuansiad

ASSUIUNITHANAITAZANY

5 | Superthane

¥ian Polyurethane lulsswessnilgdivuialvena

small engine

Submersible Fuel

4219 Series

iloenswasvioshain Fluoroelastomer (FKM)
filuvhann Aramid Fiber (Yamudoinsnzfunssay)
Yragaunniviney -34\C i 100\C
ldusufidlssenduasiioa
nuusauléigegn 7 v1s (101.5 psi, 0.7 Mpa)
HYUNIMI§IU SAE J30 R10
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v

ihiuwfaleduiuieniuea 10, 85 Wesidus wazieniuaa (
a ' o ¢ o ¢ o w - - v
Sendufialesed £10 ufialyged E85 wavienuea muawu weldlumsisuvisuteya
A‘ a nhl d":‘ g LY : a dao ' o @ o
megey  Wawdnldlunsmeasviifuhiuemamiidimienll  dwmiuandnuas
'ol L% o - 1 v o - L A
warAun e uuialeseduiinineg lagnivuamuuseniAveansugsiandany el

2551 [25] sawanslumnsnedi 4.4

d va J‘ - = 1 Aﬂ
A1919% 4.4 UEAMIAANUAVDAYBINEITYUARNG N Flun1snnasy

av o
Pure ethanol) Ineluanuideiiay

v

AVUA whaleged E10 | whdlesad E85 LONIUDA
d \le7 iy -
u a - > | 1 Q‘S 1
dnwauruIng Wuveavadlalivu liuengu Liflarsuvivasey
ANeRNLYIY liiteenin 90.6 | Litesnin 94.6 106
\wudu, %vol. liigandn 3.5 laigandn 1 -
11, %wt. laigandn 0.7 ligandn 0.7 - | ligendn 0.3
NUBaLUaENIN, %vol. 9-10 Lignin 75 .
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4.3 gunsal

d -~ 1 b - W U dv
gunsnluaziATalioniag lddwmsumsmeaeu ddweluil
) ) Y] - P ' aaa vd 5 a
1 gou  llunslimnudeunntudiunagey  welsseufjitenliiiatu  dinsmunu
v le‘ - Q’l 1
gamaiilviegn 552 eeriwaldyd ﬁumu%gnuﬂuﬁauL{‘Junmﬂssmm 2000
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2. \p3esaninea ScienTech luina 210D THlunisdaimninvastudausngg Tumiy
n¥u neafioy 4 v W luldluniswssudisuamiuuansnuesimin senin

wa a4 W <
NINAABY ANFNUATDILA FoedsuanslumIsIm 4.5
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A1919% 4.5 CLEAMNAIANUAUDILATDIUN

Capacity 100¢g / 200¢g
Resolution 0.0001g 7/ 0.001g
Repeatability (std. dev.) 0.0001g / 0.0005¢
Linearity + 0.0002¢g / 0.0005¢

Balance Housing

7.5 %1125 x 3.25"

3. |a3peiarnuuds Shore Micro O Ring System Tuiaa 714 Type M wiiaourden 14

40

U : 1 d - Ll 1 U e d o
INAI LL%\?‘UEN‘UUG')‘UV] Lﬂuwaama% NI0YNDYNANE IﬂﬂﬂmﬂuU AUBILAIDIINAITY

v <
LL%\ﬂﬂ Ltaﬂ\ﬂumqiq\ﬁw 4.6

E‘Uﬁ 4.12 \p303InAMLLT Shore Micro O Ring System luiaa 714 Type M yiimeurden

o wa d e g ;
A19199 4.6 LLamF]mauumjml,ﬂim’mm’mu%\i Shore Micro O Ring System luna 714

Type M
Scale Range 0-100
Scale Resolution (points) 1
Hardness Range 10-90
Descent Rate 3.2 mm/s (0.0125 in/s)
Max. Spring Force 78 ¢

Testing Standards

ASTM D2240-00
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4.4 515U

MATeilldEBansvnauusEiuYennAsgIY SAE way ASTM Fuduvadeuds
14 & 1 o & a 3 Y W & a ' o wa |
Usgneumeduduidulansuazwewefrsgnualuiiiudemdumasalinnuauds 1wy

dwin amuds wargusiaeusnvsausaziudiuasgmiuiin wasnantTasRUTBId

lvg0d £85 LLa::Lamuaa%gmﬂ%'auLﬁauﬁ’uwammmiwﬂaauuﬁa‘l%aaé E10

4.4.1 1AIFIY

MINAFBUTANUIIEIUYBINIATFIU Society of Automotive Engineering (SAE) uag

s

American Society for Testing and Materials (ASTM) gﬂﬁwmﬁmﬂaﬂﬂumuﬁ%ﬁ
Usznausme
- SAE J1747: Recommended method for conducting corrosion tests in gasoline/
methanol fuel mixtures. [26]

- SAE J1748: Methods for determining physical properties of polymeric
materials exposed to gasoline/ oxygenate fuel mixtures. [27]

- ASTM D2240: Standard test method for rubber property -durometer hardness
(28]
TuaAdei] hg1989i8nmadoumIIAI U SAE J1747 dwutuduidulans

(Standard Practice for Laboratory Immersion Corrosion Testing of Metals in Methanol
Fuels) wagannsgIu SAE J1748 dwiiuTudiuwediues lawisimanadeuianvintu uwaz

v a | adl & o '
BNBININIFIU ASTM D2240-05 Iua'lusﬂa\j’JﬁﬂqumaaUﬂ'J'lNLL%Q‘UU&?UWL%UWE]EJ'N

4.4.2 YuUNBUNISNAFAU

Tumour1a lunmsmaaeuwvadu 2 du Al
Q‘.’l Qu 1 A -]
1. JupauMIEsENTUdIuNIsINAFaY
w & o ] [ o @ o ¥ €0 YR L (Y]
dwdutudunduviesns vmsdmduiiug legldgunsaidwmsudavie e

al -] : 1 : [} at &l = :i" =Y QI t 74 I :lx’
wandluguil 4.15 SuBudiuas 5 u dwiuleinamilsie TnednlALnaztull

a a P 2o o o 2 o [y I3 1
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gﬂﬁ 4.15 \3psilofaviosns (Plastic tubing, Hose Cutter)
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- Sapuudavestudrunadeulae Shore Micro O Ring System %1570
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\aVUPa-03 70.20 83.00 18.23 16.32
\enuea-04 70.00 82.40 17.71
LBNIUDA-05 70.40 83.00 17.90
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VNEaY 17651-S5H-T30 w89508UA B

e o c 2 cd ¢ o
VUELATY AT AL Wasidunnis Wasigusiage
Fudu ADULY VALY Waeuwlas (%) (%)
whaleged
68.00 -21.47
E10-01 53.40
whalwaaa
) 69.40 -21.90
E10-02 54.20
whalegea
70.00 -24.00 -22.07
E10-03 53.20
whalagaa
69.00 -22.90
E10-04 53.20
whalgand
67.80 -20.06
E10-05 54.20
whalasas
68.20 -2.64
E85-01 66.40
whalgaea
70.00 -2.57
£85-02 68.20
whaleged
70.20 -5.41 -3.28
E85-03 66.40
whaleged
69.60 -3.16
E85-04 67.40
whalogad
69.20 -2.60
E85-05 67.40
ONUDa-01 70.40 78.60 11.65
LyN1Uaa-02 71.00 74.80 5.35
LaN1una-03 68.80 77.60 12.79 10.83
ONuU9a-04 69.40 79.80 14.99
LOVUBA-05 70.40 77.00 9.37
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o a P o & 1 ) &
AN 543 LLaﬂ\ﬂﬂqﬁLﬂiﬂUW]EJUﬂ'ﬁLUaEJULLTJ@\Tﬂ'JW@JLL‘UQﬂ@uLLﬂ%Mﬂﬁﬂqiﬂﬂﬁ@U%aﬂﬁuaqu

NUBLAY 17653-S5H-T30 ¥99508Us B

o g ¢ & & ¢ ¢ o
VIENaY AT ALY Wasidudns Wasidusiaae
Fudu NOULY NaIY Wasuuuas ) (%)
whalesed
66.00 -16.67
E10-01 55.00
whalgged
68.20 -14.96
E10-02 58.00
whaleged
68.00 -15.88 -17.41
E10-03 57.20
whaleged
69.60 -19.25
E10-04 56.20
whaleged
70.00 -20.29
E10-05 55.80
GG GOG]
69.20 -6.65
E85-01 64.60
whalaaaa
69.80 -4.30
E85-02 66.80
whalesaa
69.00 -3.19 -4.16
E85-03 66.80
whalesea
69.00 -3.48
E85-04 66.60
whalgsed
69.40 -3.17
E85-05 67.20
LONIUDA-01 69.80 73.00 4,58
LONUDAa-02 68.00 73.60 8.24
ln1uaa-03 71.00 74.60 5.07 597
LeVUBa-04 70.40 74.60 5.97
LBNUBA-05 70.20 74.40 5.98
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13140 5.44 LLﬁﬂ\‘mqiLﬂiEJ'UW]EJ‘Uﬂ'ﬁL‘UaEJULLﬂa\?ﬂQ']NLL‘U\TﬂauLLagwﬂ\ﬂﬂqi‘V‘ﬂﬁ@U‘UaQ‘ljuﬁ?u

NUBLaY 17722-S5H-T31 989508Uf B

o < ¢ & o ¢ ¢ o
NUBLEY AU ALY \Wasigunnig wWasigunagag
Fudu AU PRI WasuwUas (%) (%)
whalegod
71.00 : -1.61
E10-01 65.60
whalagad
70.60 -8.22
E10-02 64.80
whaleged
69.00 -1.25 -6.44
E10-03 64.00
whaleged
70.40 -6.82
E10-04 65.60
whalgaed
69.80 -2.29
E10-05 68.20
whalvaad
68.00 6.47
E85-01 72.40
whalegad
68.80 6.69
E85-02 73.40
whaloaad
70.20 6.84 6.00
E85-03 75.00
whaleged
69.40 6.92
E85-04 74.20
whalgand
71.00 3.10
E85-05 73.20
LlNI1UDa-01 70.40 81.80 16.19
LONIUDa-02 69.80 83.60 19.77
LON1UDA-03 70.20 81.20 15.67 17.29
ONU9a-04 70.00 82.40 17.71
LONUDa-05 69.00 80.80 17.10
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A1919% 5.45 uanan1siUseuneunSiuaguLUaIANNLTINB ULASNAIN TR UTDITUEIY

VUBLAY 17726-S5H-931 U89508U8 B

o < ¢ L ¢ cd ¢ o
NUYLAY AU AT WaILEUnNNIg Wasigusany
Fudau nauLk AN Wauulas (%) (%)
whaleged
61.40 -16.94
E10-01 51.00
whaleged
60.00 -9.00
E10-02 54.60
whalgand
59.00 -1.12 -10.85
E10-03 54.80
whaleged
61.00 -11.15
E10-04 54.20
whalgaaa
59.60 -10.07
E10-05 53.60
whalaaas
60.00 -4.67
E85-01 57.20
whaloged
59.20 -4.39
E85-02 56.60
whalegod
60.20 -3.32 -3.62
£85-03 58.20
whalagad
58.80 -2.04
E85-04 57.60
whaluged
60.00 -3.67
£85-05 57.80
Ln1Uuaa-01 60.60 64.20 5.94
LBN1Ua-02 61.40 63.40 3.26
LBvN1U8a-03 59.80 63.00 5.35 4.82
Lavuea-04 60.20 62.20 3.32
LaNUBa-05 61.00 64.80 6.23
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A19199 5.46 LARNINITUTIUNBUNTSIU AL ULUAIA NN D ULASVAINITNAAD UV TUATU

MUY 17742-S5H-T30 va3508ust B

I P ¢ 2 ¢ cd ¢ o
MINELAY ALY AL Wasigunnis Wasibumaae
Fudu nouL Vaqua Waeuulas (%) (%)
whaleged
70.20 -14.25
E10-01 60.20
whalagad
69.00 -14.20
E10-02 59.20
whalegad
69.60 -16.38 -15.34
E10-03 58.20 :
whaloged
71.00 -17.46
E10-04 58.60
whaleged
70.80 -14.41
E10-05 60.60
whaloged
‘ 68.80 1.45
E85-01 69.80
whalvged
70.00 -2.86
EB5-02 68.00
whalagas
69.20 -2.02 -0.23
E85-03 67.80
whalused
70.40 312
E85-04 72.60
whalegea
70.00 -0.86
E85-05 69.40
LN1U8a-01 70.40 73.20 3,98
Lln1Uaa-02 71.00 76.60 7.89
Ly1Uaa-03 69.80 75.20 7.74 9.13
an1uea-04 69.20 76.60 10.69
LEJ‘V]']‘LIEJa-OS 69.00 79.60 15.36




173
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AN 5.47 uansnsidseuineunisila UULLU@QWJW@JLL?NHEJNLLﬁ%MﬂGﬂ']iVlﬂﬂE]U‘UEN?IUﬁ'}IU

VuneaY 17743-S5A-930 va9508us B

I3 I ¢ &L ¢ c & & o
VB AT AU Wasiduinig Wosiguniade
Fudu ALY VALY WavuuUas (%) (%)
whdlaaad
69.40 -14.41
E10-01 59.40
whaleged
69.80 -11.17
E10-02 62.00
whaleged :
70.20 -14.53 -12.45
E10-03 60.00
uwhaleged
70.00 -11.71
E10-04 61.80
whalogea
69.20 -10.40
E10-05 62.00
whalyged
68.80 291
E85-01 70.80
uwnalyges
69.60 1.72
E85-02 70.80
whalagand
70.20 4.56 2.86
E85-03 73.40
whalegad
70.00 1.43
E85-04 71.00
whaleged
71.00 3.66
E85-05 73.60
BNI1UDA-01 70.00 80.20 14.57
BNUBA-02 72.00 82.20 14.17
BEN1UDa-03 71.60 78.00 8.94 12.65
LENIU9a-04 70.00 77.20 10.29
LNIUBA-05 69.40 80.00 15.27
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© MUNBLAY 36167-PLC-010 U84508UA B

-3 g ¢ cd & o
VUELAY AT AL Wasigunnis Wasiduniaae
YudIu noUL YA Wasuwlas (%) (%)
whaluged
-12.66
E10-01 77.40 67.60
whalyaed
-14.06
E10—02 75.40 64.80
whaleged
-11.38 -12.02
E10-03 73.80 65.40
whalwgea
-8.42
E10-04 76.00 69.60
whaleged
-13.58
E10-05 76.60 66.20
whaleged
-1.80
E85-01 77.80 76.40
whalegea
1.32
E85-02 75.60 76.60
whalgaas
-1.28 -1.40
E85-03 78.20 77.20
whalgaad
-5.78
£85-04 79.60 75.00
whaleged
‘ 0.53
E85-05 75.00 75.40
LlNIU2a-01 76.50 81.80 6.93
1ONuUea-02 77.20 81.60 5.70
LON1Uaa-03 79.00 81.20 2.78 5.44
@N1UDA-04 75.80 81.60 7.65
LAYUBA-05 77.60 80.80 412
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© MN"ELEY 36168-PLC-000 909508UA B

I I o ¢ 2 cd ¢ o
VINELaY AULT ALY Wasidunnis Wasigunaae
Fudqu ABULY ALY wWasuwlas (%) (%)
whaleged

76.50 -12.16
E10-01 67.20
wnalagnd
75.00 -13.07
E10-02 65.20
whalagesd
77.40 -14.99 -12.53
E10-03 65.80
whalgand
76.60 -10.44
E10-04 68.60
whaluged
75.80 -12.01
E10-05 66.70
whalyaas
76.20 -0.79
E85-01 75.60
whdleaad
77.00 -2.34
E85-02 75.20
whalegod
75.90 0.92 -2.08
E85-03 76.60
uhalyged
77.10 -4.54
E85-04 73.60
whaleged
76.80 -3.65
E85-05 74.00
LENUDa-01 75.30 79.60 571
BNUDAa-02 76.80 79.80 3.91
Lamulaa-03 76.40 80.20 497 5.68
ONUDa-04 75.00 81.40 8.53
BNUDa-05 75.80 79.80 5.28




176

o =) < a @ [ 2
A9199 5.50 uanIn1siUSeuMEUNSasuLUaIAIULIINBULEENaINISYIAFD UTDTUE Y

C ANEEY 36169-PLC-000 UDITOBUA B

. o < ¢ & € cd ¢ o
Ve AT AL Woasidudms Wosidudiade
Fudu AU S WabuLUas (9) (%)
whaluged

78.30 -14.69
E10-01 66.80
whalased
77.20 -16.84
E10-02 64.20
whalgand
75.80 -12.66 -13.06
E10-03 66.20
whalvaad
75.00 -9.87
E10-04 67.60
whaleged
76.40 -11.26
E10-05 67.80
whalesed
76.00 1.32
E85-01 77.00
whalwgea
77.40 -1.03
E85-02 76.60
whalyaaa
77.60 -2.06 0.44
E85-03 76.00
whaleged
75.80 1.58
E85-04 77.00
whaleged
75.00 2.40
E85-05 76.80
ONIUa-01 77.60 80.20 3.35
LON1UDA-02 75.20 79.20 5.32
LEN1U9a-03 76.40 80.40 5.24 4,34
\9M1UDa-04 76.20 79.80 4.72
LEJ‘V!’]‘L{E]ﬁ—OS 78.00 80.40 3.08
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A v IQ.’ 1 : A o 1
JUn 5.112 u.am’l.v'Lﬁmwumunnwﬁmmu.%aamauuam’luuna‘[maaé E10 wh
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ANULTRiLTuauYlulemuealsyan 4-17 Wesidus  Feilednliwvnzauilesenn
v 1 |dud d 1 a o v
anmemsltanuvewissavaiiiinisiedeulmnaennal wnviserafanisuisenaviilyids

AENTRANIINEANUAzIAnAIEsETe

cd ¢ o P I3 [ 1 - 3 <
uJaiwumLaaamnﬂaauuﬂaqmﬁmwwaammwawumumaum B

20.00 m uwhalgged
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B uialysed
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VNAADUVDIYURIUNAEDU 6 M

a a o a & Y] &
f19199 5.51 LLﬁﬂ\?ﬂ'ﬁLUiE}ULWUUﬂ'ﬁLUaEJuLLUaQﬂ'J']QJLL‘UQﬂ@uLLa%Viaﬂﬂ'ﬁVlﬂa@U‘Ua\T‘Uua'Ju

19874 Vitube

I3 < ¢ & e & o
VneLa AT AT Wasigunnis WasiiumLaae
Fudqy nauL VAL Waguulas 9) (%)
whalagas
70.80 56.33 -20.43
E10-01
whalvgea
70.80 57.00 -19.49
E10-02
whaleged
70.20 56.83 -19.04 -19.23
E10-03
whalaged
70.40 57.33 -18.56
E10-04
whdlaaaa
71.20 57.93 -18.63
E10-05
whaleaad
71.40 62.17 -12.93
E85-01
whaleged
69.40 61.17 -11.86
EB5-02
uhalegoa
71.20 62.33 -12.45 -11.83
E85-03
wnalaaaa
71.40 63.33 -11.30
EB5-04
whalagag
71.40 63.83 -10.60
EB5-05
Len1upa-01 71.00 63.83 -10.09
BNIUDAa-02 70.20 64.00 -8.83
LaN1UDa-03 70.60 63.67 -9.82 -9.70
wnUuea-04 71.20 64.20 -9.83
Llan1uaa-05 71.60 64.50 -9.92
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19819 Tygon 2075

o < c < s d & o
VUELATY AU AL Wasigunnis Wasiuninae
Fudqu Ao ANIE! WalbuuUas (%) (%)
whalvaaa
73.00
E10-01
whalgaas
73.10
E10-02
whalvaad lalanunsadn
72.60 e - -
E10-03 Ale
whaleged
72.80
E10-04
whalgged
72.50
E10-05
whalygad
72.40 65.17 -9.99
E85-01
whalweed
73.50 63.00 -14.29
E85-02
whaleged
73.10 67.17 -8.12 -10.54
E85-03
uwhalaaaa
73.40 65.33 -10.99
E85-04
whalvsed
72.80 66.00 -9.34
E85-05
LaN1Ua-01 72.10 73.00 1.25
LENIUaa-02 73.00 74.83 2.51
LN1UDAa-03 73.10 74.83 2.37 1.55
Lnuaa-04 73.50 73.83 0.45
LE)VI’]‘L!E]&-OS 73.00 73.83 1.14
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A15199 5.53 uanan1stUseumgunsiuagulUasnindenoulag naIN1INnaa Ui ualy

o9 Tygon F-4040-A

: o < ¢ & o ¢ d & o
VLAY AT ALY WoasigudnIs Wosiiudiaae
Fudu Aauwe ALY Wasuwlas (%) (%)
whaleged

83.33
E10-01 75.80 994
uwhalasad

83.33
E10-02 75.00 11.11
whaleged

, 82.67 9.32
E10-03 76.20 8.49
wialeged

83.17
E10-04 76.00 9.43
whalogod
83.00
E10-05 77.10 7.65
whalasad
94.33
E85-01 76.70 22.99
whaleges
95.17
E85-02 76.60 24.24
whalugad
94.67 23.50
E85-03 76.00 24.56
whalwsed
95.67
E85-04 78.40 22.02
whalegad
94.50
E85-05 76.40 23.69
L@N1UBa-01 77.60
LONTUDA-02 78.00 . 5
Tanuseda
\ovNLe8-03 77.10 o - -
‘ Al
\ovnuea-04 76.20
LnNUaa-05 76.60
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f1319% 5.54 LLﬂﬂ\iﬂ']‘JLU%EIULﬁEJ‘Uﬂ']iL‘U'ﬁEJ‘LJLL‘LJaQﬂ’J'WﬂJLL:Z‘NﬂE]‘LlLLa&;’Via\‘lﬂﬁVlﬂﬁE]U‘?J@\‘i"UUﬂ'Ju

'~ vi9e9 Norprene

< 2 ¢ @& ¢ < ¢ o
PUNYLAY ALK AT Wasiguinis Wasidusaae
Fudy Aok AL Waguulas (%) (%)
whaleged
64.20 50.83 -20.82
E10-01
whaleaad
61.10 51.33 -15.98
E10-02
wialgsed
63.60 51.00 -19.81 -19.70
E10-03
whaleged
63.20 50.83 -19.57
E10-04
wialesed
64.80 50.33 -22.33
E10-05
whaleged
63.60 64.00 0.63
E85-01
whaleged
62.70 66.33 5.79
E85-02
wialeged
63.60 65.67 3.25 2.82
E85-03
whalgaaa
64.20 65.67 2.28
E85-04
whalaaas
64.30 65.67 2.13
E85-05
Ln1Uaa-01 64.00 68.33 6.77
wWN1uea-02 66.00 68.00 3.03
ONIUDa-03 65.00 67.00 3.08 4.95
en1uea-04 63.50 67.83 6.82
LONUBA-05 64.40 67.67 5.07
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5.4 wan15aseilaseas1eludiunediwedaleiasas FT-IR

Spectrophotometer

n'xsmaau"nﬂswﬁﬁmmsnuanﬁeﬁ%’uﬁan%ﬂﬂaa%udauwiaz%u Ineilsndulaniy
fio  nguezmeunslulianadeiidnuusiawsiuansiauinani Tuanaiifivyilarisu
Ussinidinaiuszanansaiaufisenaiiludnuusnientu Tnehitufumunavionududon
veduana U 51145121 uamsanmedinseilasaiedeeies  FR

Spectrophotometer ¥84308UANAABY A Waz B

o) 1M 179884 /‘\

y,
23416 . ,’ ! [ \A\ /;ﬁnfn ﬂ
i’. \ ‘/ =] ¥78.26 667,
%/ \' | '91 sﬂn\
msos | ! 625,
163129 /\
1450 |

1]
42| |
[ 5
50 143479 01
218 .15
2.00

700 _ﬁ\ / [_\{’,_,___k.T

T

25

1043.90
150 b 4 T Y T T T T T T T —
40000 3600 3200 800 2400 2000 1300 1600 1400 1200 1000 %00 600 4500

= a v v < | Y
JUN 5.114 walins1elassasnemnelnies FT-IR Spectrophotometer Yaaviaansnavigiy

Ingjvessnsusnaaeu A



186

3
.

50 m | 1246.03
1mex

45 1630.73 \
87506
wT 50.22 .20

10472

143583
2

ML

150 i i
4000.0 3600 3200

gl
g
g
§
§<
8
§
g
g
3
g

d _a 1 % 4 1 g L
JU# 5.115 Hadn31eilAsaas199981a389 FT-IR Spectrophotometer waaviagnspaunsiuLdn

YBITABUANIAZDY A

43

T

JUN 5.116 naiiAT1eilaATIas1aeaeLA3ea FT-IR Spectrophotometer vasvialausiu

YDITOLUANAFDU A



187

554

0 16311

45 ]

wT

23]

3516
150 T T T . T T T T u
4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 4500

=‘ a 1 4 4“ | lol LY
JUN 5.117 walins1eilastasenieinsal FT-IR Spectrophotometer wadviognipainiiu

Ingjuassnpusvinaay B

A\ \/ A

%04 163130

43 4

T
40
38 | \ /
30 \ {
28
20
3438.64
l’.° T T T ) T - - T T T T T 1
4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 450.0

o a v v - \ v o
3Un 5.118 HAILASIELATIAS19ELATEY FT-IR Spectrophotometer ¥83vian19UNgiu

YBISOLUANAADU B



188

700

22975 208143

wT

38

|

343851

150
J T T T T T T T T T T )
4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 4500

= a v v - '
U 5.119 waliasziilasediteianiaiet FT-R Spectrophotometer yasyavialasyive

U DMEIUD9SaLUANAEBY B

\
194473
65

$s |

173408
50 | Y

| 163178

a5

wT

35

320
130 Y T T T L2 T T T T T T T ol
40000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 4500

= a v v = ! ° ‘ol L
JUT 5.120 HallAT1eVlATIAI198IAT89 FT-IR Spectrophotometer YadgAVBUIUAIY

v 2 J a (3
NNTDITIVULYDINEIVDITOUUANAABY B



189

700

: ‘ / \,[ s

43 4

T

1

T T - v T T e T -
4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 4500

Uil 5.121 nailAs1zilasIa319aeIATed FT-R Spectrophotometer yasyaviatingiu

ntuludwessneusneaay B

mnnflulnuusussians Wave number @iy em’ (dolsuiiuns)
mnaﬁﬁwmuqnﬂﬁuﬁaswzmq 1 uAans &1 wavenumber Wiy 4000 cm’ A BN
paufe 174000 cm aevialududnevesunuueuazidu wavenumber g9 dauvnainue
yosunuuaudu wavenumber d1 @ulnajetlutie 4000 < 400 cm’) dndluunusiativiag
flldvdng 8y 2 widefe % Transmittance ($ouaza9aidnsing) 19y %T = 50 wanain
wasiiPLeIAduTLY Aesiiuld. 50% ndedn 50% gogandu msgiievasnam 9%T
wiasgueniitann weneniBnmiaeluunuddldun  Absorbance  (Anisgandy) IR
Spectrum Taeflunussiimiiendu Absorbance 11ang peak ﬁaa@samﬁwau%ulﬂ Famss
PAungIn %T

& ] & o a v d v

Fudruviesnaauamirluinsiziaienies FT-IR Spectrophotometer Tvinanns
naaeuiilnddssiu dureiladduaniuiluneada wazdiinlugiduwylensenda (-OH) i
a o vl -1 = v & a ¢ o
finviuszegi 3300 - 3600 cm - #slassaiavenevnueaiiuansusznaudunsd niimylens
andia (-OH) serfusznouASusuaIyusana Auluiausnaguldidiulssnauresynsi

v
@

umeasuivdIulsENauYaReNIUDalTINSINY



190

2
s
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Abstract

ME-NETTEZ=3 i

In Thailand, gasoline mixtures with 85% ethanol by volume so called E85 recently available with
guaranteed lower selling price are expected to replace the former types of gasoline. The looming change
leads to certain concemns on material compatibility with E85 for automobiles deliberately not designed to
run by the blends. Fluid immersion tests complying with SAE and ASTM standard were performed to the
parts. The metallic and polyrmeric parts were submersed in test fluids inside an oven in which temperature
had been maintained at 55 + 2 C for at least 2000 hours. Weekly collected data, i.e. physical
appearances and physical properties, were statistical evaluated for parts’ compatibility to E85 by
comparing the data to those collected derived from the other parts submersed in E10 test fluid. A

significant level of differences indicates incompatibility of a- part with an assumption that the part is

already compatible with E10.

Keywords: Alternative energy, E85, Ethancl, Fuel system, Vehicles
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No Vehicle A Vehicle B

1 | Filter, Fuel pump
2 | Pump, Fuel
3 | Rubber, Cushion

Regulator assy

Wire comp., Lead

Hose comp., Fuel

(For fuel pump) feed

4 | Insulator, Injector Pump set, Fuel

vibration

Filter assy, Fuel Packing, Base

6| Hose, Fuel vapor Meter comp., Fuel

feed, No. 2

7. | Tube sub-assy, Tube, Filler neck

Fuel

8 | Tube sub-assy, Tube, Breather
Fuel

9 | Tube sub-assy,

Tube B, Fuel vent
Fuel

10| Fuel tube,
Filler neck
11. | Fuel tubs, Breather | Tube A, Canister

Hose assy., Purge

drain

12 | Gage assy; Fusl Tube, Canister filter

sender
13/ Brown o-ring Tube A, Purge
14 | Hose, Fuelvapor Tube B, Purge
om - Tube C, Purge
18 | - O-ring, 7.47%3.6

171 - O-ring, 7.85%3.53
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Requirement E10 E85 E100
Berzene, %wvol | Max35 | Max 1 -
Aromatics, %vol | Max 35 | Max 35 -
Water, %wt Max 0.7 | Max0.7 | Max0.5
Denatured
Ethanol, %wvol 8-10 Min 76 | Min89.5
Hydrocarbon/
aliphatic ether,

%vol. . 14-25 -
Methanol, %wvol - Max-0.5 .
Higher (C3-C5)

alcohols %vo! - Max 2.0 -
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Eﬂﬁ 3 1n3a9t9aTAen Eﬂﬁ 4 Shore Micro O Ring
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ABSTRACT

In Thailand, gasoline mixtures with 85% ethanol by
volume so called EB85 recently -available = with
guaranteed lower selling price are expected to replace
the former types of gasoline. The looming change
leads to certain concerns on material compatibility with
E85 for automobiles deliberately not designed to run
by the blends. Fluid immersion tests complying with
SAE and ASTM standard were performed to the parts.
The metallic and polymeric parts were submersed in
test fluids inside an oven in which temperature had
been maintained at 55 * 2°C for at least 2000 haurs.
Weekly collected data, i.e. physical appearances and
physical properties, were statistical evaluated for parts’
compatibility to E85 by comparing the data to those
collected derived from the other parts submersed in
E10 test fluid. A significant level of differences
indicates incompatibility of a part with an assumption
that the part is already compatible with E10.

INTRODUCTION

In recent years, an increasing attention has converged
on the application of gasoline blends with ethanol. E10
was approved to use in most passenger cars in
Thailand. E85, which consists of nominally 85% fuel
grade ethanol and 15% gasoline by volume, are
expected to be utilized in flexible-fuel vehicles (FFVs)
that are designed to operate on fuel with a range of
ethanol content of 0-85%. One aspect of such
expectation is the study of material compatibility with
EBS; thus, it becomes necessary to determine if E85
can be safely used in passenger cars in Thailand.

Minnesota Center for Automotive Research [1]
examined the effects of E20 in comparison with E10
and gasoline as their baseline test fluids on plastic
automotive parts and small engine fuel system
components. Conforming to SAE and ASTM
standards, plastic samples were exposed to various
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blends of ASTM Fuel C; 90% Fuel C and 10%
aggressive ethanol (E10); and 80% Fuel C with 20%
aggressive ethanol (E20) at an elevated temperature
of §5 °C for 3024 hours.

Japan Automobile Research Institute [2] investigated
the impact of the ethanol content on existing domestic
vehicles by conducting an exhaust gases test, a Fuel
Evaporative Emissions test, a High-temperature
Driveability test, and Materials impact test. They found
that there were not safety problems to the metallic
parts when the parts were subjected to the test fluid
with an ethanol content of 3% or less.

In the same perspective to the previous research, this
research investigates the compatibility of various
automotive parts in order to assess the impact of E85.
Both plastic and metallic parts in fuel line systems
were carefully selected from the popular gasoline
engines models (Toyota Vios 1.5J year 2005, Honda
Civic 1.7 Exi year 2005 and Honda Wave 100) in
Thailand. The method of the experimental procedures,
standard test, and the result of this investigation on the
samples are described.

EXPERIMENTS

Materials compatibility tests were operated complying
with the SAE and ASTM standards. The test
components made of metal and polymer were
immersed in our designed test fluids. The weight,
hardness and physical observation of each component
were evaluated periodically. The results are compared
in case of E85 to those obtained in case of E10 as
baseline.

PROCESS OVERVIEW - Four standards of Society of

Automotive Engineering (SAE) and American Society

for Testing and Materials (ASTM) were adopted for the

testing procedures.

e SAE J1681: Gasoline, alcohol, and diesel fuel
surrogates for material testing(3]

e SAE J1747: Recommended method for conducting
corrosion tests in gasoline/ methanol fuel mixtures
14



¢ SAE J1748: Methods for determining physical
properties of polymeric materials exposed to
gasoline/ oxygenate fuel mixtures [5]

¢ ASTM D2240-05: Standard test method for rubber-
durometer hardness(8]

After the samples were prepared, the weights and
hardness were measured to provide a comparison
baseline. Photographic pictures were taken for
apparent observation of color and surface texture.

In this research, two major standards, i.e. SAE J1747
for metallic parts and SAE J1748 for polymeric parts
were adopted to be performed at the same
temperature at 55+2 “C for 2000 hours or the consta nt
weight was attained. Replace the fuel and collected
data weekly.

Table 1 The components in fuel supply system (Engine
A,B and C)

No Engine A Engine B Engine C
1 Carburetor Filter, Fuel Reauloiordee
Case pump g Y
Wire cormp.,
4 Idle needie Pump, Fuel thad
LR et Hose co
3 Float Cushion o u fe':"
(For fuel pump)
Insulator,
4 Filter Injector Pump set, Fuel
vibration
[ Drain screw Filter assy, Fuel | Packing, Base
Hose, Fuel
Float needle vapor feed, FPesRp-
6 Fuel
No. 2
Tube sub-assy, Tube,
7 | Fugmee Fuel Filler neck
8 Tube Fuel A Tbpgh-avgy, Tube, Breather
Fuel
9 H:s; (;Ze": Tube sub-assy, Tube B,
- Fuel Fuelvent
10 Seal Valve Fuel tube, Hose assy.,
Filler neck Purge
Jel, Main #78 Fuel tube, Tube A,
11 Breather Canister drain
HoIderJ, Naodle Gage assy, Tube, Canister
12 e‘ Fuel sender filter
13 YLV ot Brown o-ring Tube A, Purge
Jet, Slow #35 Hose,
14 Fuel vapor Tube B, Purge
15 Tube C, Purge
O-ring,
b 7.47x3.6
O-ring,
1 7.85x3.53
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TEST COMPONENTS - The components in fuel
supply system were listed in Table 1

TEST FUEL - The test fluids used in this study are
listed in Table 2

Table 2 showed the properties of E10 and E85 (From
the government gazette: Department of Energy
Business, Ministry of Energy and K Raznjevic'.
Handbook of thermodynamic tables and charts)

Requirement (5:)) E10 | E20 | E85 | E100
Color Red | Green | Red | Pink
Octane Min Min | Min
Number 1.1 906 |94.6 | 946 L
Benzene, Max | Max | Max | Max
%vol. 1.9 3.5 3.5 1
Aromatics, | Max | Max [ Max | Max
%yol. 290| 35 | 35| 35 )
Water, Max | Max | Max | Max
9%6Wt. 0.7 0.7 0.7 0.5
Denatured 9 19 Min | Min
Ethanol, - to to 75 | 99.5
%vol, 10 20
Hydrocarbon/ 14
aliphatic - - - to
ether, %vol. 25
Methanol, Max
%vol. ‘ ) | os
Higher (C3-
C5) alcohols - - l\ge:)x
%vol. ’

APPARATUS - The test samples were placed in 250
ml Duran bottle with Polypropylene caps. Stainless
wire was used to suspend the samples in the test fluid.
The apparatus is shown in Figure 1 below. The bottles
were placed in the oven at 65:2 C for 2000 hours.
The oven was equipped with the electric heater to
maintain the air temperature as shown in Figure 2. The
blower was also installed at the top of the oven to
promate homogeneous temperature in the oven.

Figure 1 Test container

Figure 2 The oven



MEASURING EQUIPMENT - Measuring equipment

include

1. An analytical balance (Figure 3) was used to
measure the weight of test samples.

2. A Shore micro-hardness tester Model 714 Type M
Analog (Figure 4) was used to determine the
hardness of each specimen.

Figure 3 Analytical Balance  Figure 4 A Shore Micro
(ScienTech Model 210D) O-Ring Model 714
Type M Analog

DATA COLLECTION - As-received samples were
weighted and evaluated for hardness value before
exposed to the test fluids. Each week; the weighting
process was repeated for wet-weight. At the end of the
test, a dry-out weight would be acquired. The hardness
of each specimen was recorded with the same
procedure of weighting process. Photographic pictures
were taken weekly to indicate any significant sign of
sample degradation such discoloration and surface
corrosion. Furthermore, test fuel was also checked for
color change,

Each week, each sample container was removed. from
the oven to cool down in outside air for 0.5-1 hour.
Then, the samples were placed in the other prepared
container of the same fuel at room temperature for
another 0.5-1 hour. After leaving their lemperalure
reaching room temperature, we blot the sample dry by
absorbing paper and weight the sample within 10
seconds to minimize evaporative weight loss. This
process was repeated for other samples for wet-weight
condition.

At the end of the test, wet weight was determined
before hardness testing. The § data of Hardness at
different location in Shore scale had to be taken within
1 minute. Dry-weight would then obtained every 48
hours by drying out polymeric specimen at 55+2°C.
Until there is no change in Percent Weight Lost, the
true dry-weight will be recorded.

DATA ANALYSIS

Three properties including visual appearance, weight
and hardness were used in evaluate the extend E85
impact as comparing to E10. If E85 did not cause any
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significant changes more than E10 did, then a
automotive component was deemed compatible.

VISUAL APPEARANCE - Pictures of the specimens
were taken before immersion, after immersion and
after dry-out. The pictures were compared to notice
any differences in color and surface texture under a
magnified microscope.

WEIGHT CHANGE - The weights of the samples were
measured before immersion, after immersion and dry-
out. From the data, the percent weight increase and
percent weight lost were calculated. The percent
weight increase can indicate how much fuel was
absorbed into the material for pre-immersion and post-
immersion comparison. The percent weight lost can
indicate how much material was leached out of the
samples- for- pre-immersion and dry-out. The both
percent-weight change of E85 were compared to the
percent weight change of E10 to looking for significant
difference in value till it appeared to be unacceptable.

HARDNESS CHANGE - The hardness of each sample
was measured before immersion and after 2000 hours.
The hardness of the E85 samples were compared to
the hardness of the E10 samples to see if any
significant  differences existed. Excessive hardening
and softening of an elastomer can lead to potential
problems and that it is not acceptable.

RESULTS AND DISCUSSION

Visual appearance; After one week of immersion some
samples discolored the fuel in E10 and E85 as shown
in Figure 5, 6.and 7.

Figure 5 Fluid discoloration after one week from
Engine A (E100)
(Left: Tube Fuel A, Right: Float)

Figure 6 Fluid discoloration after one week from
Engine B (Fuel tube, Filler neck) (E10-left, E85- right)
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Before E100

Figure 7 Fluid discoloration after one week from
Engine C (Tube, Canister filter) (E10-left, E85-right)

Notice that some samples appeared to have the same
color as the test fluid they were immersed, i.e. the
sample become blue when it was tested in E10 while it Figure 10c Holder, Needle Jet
become red when tested in EO, E20 and E85 (Figure 8 before and after immersion (Engine A)
and 9). However, we can recognize small corrosion in
some metallic samples (Figure 10 and 11).

Figure 8a Float before and after immersion (Engine A)

S a3

Figure 8b Float after Figure 8c Filter after
immersion (Engine A) immersion (Engine A)

Figure 10d Fuel Meter
before and after immersion (Engine A)

Figure 9 Filter before and after immersion,
E10-left and EB5-righ (Engine C)

i E0 E20 Before 00

Figure 11a Meter comp. after immersion,

Figure 10a Jet, Slow #35 Figure 10b Jet, Main #78 E10-left and E85-right (Engine C)
before and after immersion before and after immersion
(Engine A) (Engine A)
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Figure 11b Meter comp. after immersion (E10)
(Engine C)

Figure 11c Meter comp. After immersion (E85)
(Engine C)

Weight change (Engine A) - After the immersion
period, the weights of all of the samples increased.
After dry-out period, the weights of all of the samples
decreased in comparison to the pre-immersion
weights. Fig. 12 shows the comparison of weight
before and after of all samples.

Table 3 Showed % Weight lost of all samples that
immersed in E100 (Engine A)

Weight (g)
Description Before After % Weight lost
Tube Fuel A | 0.4876 | 0.4118 15.54
Hose Comp,
Fuel Feed 0.0375 0.0347 7.37
Seal Valve 0.7574 | 0.7353 2.92
VLV Float 0.2455 0.2454 0.04
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Pre-immersion and Post

immersion Weight (E100)
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Figure 12 Pre-immersion and Post-immersion Weights
(Engine A)

Hardness change (Engine A) - From all of sample,

Tube Fuel A is only one sample can tested with
Hardness test. The hardness after the sample
immersed in E100 was increase, % hardness increase
after immersion is 1.8%.

Weight_ch. Engi - After the immersion
period, the weights of all of the samples in all fuel
increased. Five of ten samples have percent weight
increase more in E10 than E85 while the other five
samples have percent weight increase more in E85
than E10. (Fig. 13)

After dry-out period, the weights of all of the samples
in all three decreased in comparison to the pre-
immersion weights. Fig. 14 shows the comparison of
percent weight lost of all samples. Two of ten samples
exhibit the percent weight lost more in E10 than E85.
Eight samples exhibit the percent weight lost more in
E85 than E10.
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Figure 13 Apparent percent weight increase of wet
samples
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Figure 14 Percent weight lost of dry samples

Hardness change (Engine B) - Figure 15 shows the
hardness of six samples in both fuels. All of the

samples exhibite the hardness increment when
percernt of ethanol blend in fuel increases.

HARDNESS
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3000 +
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Hardness

Description

Figure 15 The hardness of wet sample

Weight change (Engine C) - After dry-out period, the

weights of all of the samples decreased in comparison
to the original weights. Figure 16 shows the
comparison of percent weight lost of all samples. Four
of thireen samples exhibit the percent weight lost
more in E10. Nine samples exhibited the percent
weight lost more in E85.

SETC 2009
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Figure 16 Percent weight lost of dry samples

Hardness change (Engine C) - Figure 17 shows the

comparison to the hardness of ten samples in both
fuels. All of the samples exhibit the hardness increases
when percernt of ethanol blend in fuel increases.
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Figure 17 The hardness of wet samples
CONCLUSION

The investigation has compared the effect of E20, E85
and E100 to that of EO and E10 on the materials used
in motorcycle and passenger cars in Thailand included
Engine A, Engine B and Engine C.

Engine A, Float and Filter appeared to have the same
color as the test fluid they were immersed, i.e. the
sample become red when it was tested in EO and E20.
Fuel Meter has small corrosion after immersed in
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E100. Brass samples have corrosion at 236 hours or
two weeks after immersed in E20 and E100. The brass
compenents included main jet and slow jet are
recommended to change with stainless steel or plated
with nickel or chromium to avoid corrosion.

The Engine B, All of samples of two fuels exhibited
percent weight increase and percent weight lost
compared to E10 was not over than 10%. For the
hardness change, five samples that hardness
increases when tested in E85 are more than 10% over
tested ih E10. Those. five components recommended
to replaced when using E85 are rubber cushion, fuel
vapor feed No. 2, filler neck of fuel tube and fuel vapor
hose.

For Engine C, all of samples have the differences in
percent weight increase and percent weight lost in
both test fluids not over than 10%. For hardness
-change, there are nine samples possessing difference
in hardness increase more than 10%. Those parts
recommended to replaced when using E85 are
packing base, filler heck at fuel tube, breather at fuel
tube, fuel vent, canister drain, canister filter, purge at
tube A, purge at Tube B and purge at tube C.
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