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Abstract

Nowadays, Thailand's government is encouraging people to use alternative
fuels, such as natural gas and fuel with a mixture of ethanol in order tc make energy
stability, reduce the amount of imported petroleum from foreign countries, increase
value to agricultural crops, help farmers to eamn income from energy crops and
reduce global warming. In Thailand, gasoline with a mixture of 10 and 20 percent
ethanol by volume is common and widely used as fuel in current. The government
also promotes and supports the use of fuels with high ratio of ethanol such as fuels
with 85 percent of ethanol (E85) or 100 percent of ethanol (E100) as well as 95
percent of ethanol (hydrous). However, the fuel with a high mixture of ethanol may
damage some parts of an engine because the engine is not designed for these fuels.
In order to investigate the effect of gasoline mixtures with various fraction of ethanol
to parts of a small engine, the material compatibility test are processed. This test is
conducted based on the SAE and ASTM standard, in which the materials (parts of
engine) are soaked in a fuel at 70 ° C at least 1,000 hours in a closed system. During
the test, the information of engine parts such as size, weight, hardness, color will be
recorded.

The results show that the carburetor gaskets besides gasoline, can be use

with E85. For pilot jet besides gasoline, can be use with E10, E20, E85 and E100. For
main jet besides gasoline, can be use with E10 and E20. For exhaust gasket besides
gasoline, can be use with E10, E20, E85, hydrous ethanol and E100. For crankcase
gasket besides gasoline, can be use with hydrous and E100. And for fuel tube,
insulator gasket, float, fuel filter, head cover gasket and o-ring, should be change
material or modify for increase the durability of corrosion of fuel and improved

compatibility with these fuels.
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2.1 The Effects of E20 on Metals Used in Automotive Fuel System

Components

Humidevesanduideierfusasudusam inedesiuwled Tag Bruce Jones,
Gary Mead, Paul Steevens, uag Mike Timanus Usgimaeanigawsng iASeiiunismeaou
waﬂswwaaﬁ’":ﬁm%aL‘wa«wauLamuaasia’i'aqﬁﬁﬁuiam dnlunsidendudiuvegey
fie Wuingiuildlusaouddaust 1970 1Huduly Fudauedosoudilédluige uazindosoud
Usstanillilunainumsnssu (Non-oad engine) #stayavosingavmariildunaindiiouas
AnAngudrusnsud uasiinisdadudinilldluse FEV senansrenisvaasy eaaniing
nageuudIdudmdiuiimasnzauduiiiug o & 8 85 nrmnaeuTmaaeuiulany
19 wiin  iiudemasililunisvaaoufiaulionuuinsgiu SAE J1681 Ao ufidleseds 10
wAgd 20 FIBUNVARDUILYNUTTTIUNIYULYIIIIN HOPE YuA 1 8T diednvadeulzilay
seiy A Medeiiguluhiuiun fegidiguluhtuiiveiuien waefodiuueguy
drifuiitelflauanizlotsiy fmungugiililunismeaeuil 4502 ssmealdes
Wutaan 2000 4lua ﬁﬂmﬂﬁﬂuﬁﬂﬁunnﬂ At wavduinuanismeassluduaid 1, 3, 6
waz 12 Taeteyaimiluiesiest Iiun dnvazniousndelinsiziannnisanenmnoundanis
via@es sEViendanisvnnes uasndanmsvinaes uazdeyanisgapdeinalngaginnisdaimiin
wazthluduaniudasnisianiau (Corosion rate) Fawanismagoulsngin fegiei
welud 20 Wianswdsuduinniaeswiiudlud 10 wazdegdiduluntuinnudeuwas



=l 1 as 1 dv o E:, s d) :: s A’ = o
YeddInnIegsRduNalenglatiu uadlalSsuisunanisageuteniudandsviin
| I o n’:; a o o 3’ a o o ke
A9 wutuduaulanens 19 sdamiwmegeutiu 3§ 18 sdandiaumiunzay ewnsadunld
1o Suipalavgaiinbien Ao Zamak 5 Fululavenaudszneulanedingd svaliflon uunfidey

] q’: o a s 1 0‘.’! =l = 1 [ ool 5 85 1 o

wagnoas Whtuiianisianseunslud 10 waed 20 egwlsinuanideillsazuiniswae
1 4 vV & = = @ s :’d‘ o d; ny 1 J!‘ a [l
dlilduanslnnudalgmiieiuinsnmessssuu@omds Wesmntudiuluszuuioamaslaly

- o ol e M v O (g i )
FudrunoAuaIBNvaIsIusud n15udsuddelulmiunisusiiindudnbimunzaudu

4’ - 1 1
Walndausagsla [4]

2.2 The Effects of E20 on Plastic Used in Automotive Fuel System
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2.3 The Effects of E20 on Elastomers Used in Automotive Fuel System
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2.4 A Testing Based Assessment to Determine Impacts of a 20% Ethanol
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2.5 Investigations of Impact of the Ethanol Content on Exhaust Gases,
Fuel Evaporative Emissions, High-temperature Drive ability, and Materials

for Fuel Supply System Parts of Gasoline Vehicles
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2.6 Methods and compositions for reducing corrosion and increasing

engine durability in engines combusting alcohol-containing fuels
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2.7 A Study of Ethanol Fueled SI Engine on the Engine Wear
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2.8 The investigation of E20 impacts on fuel supply parts of passenger

vehicles in Thailand - Material compatibility tests
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2.9 The investigation of Ethanol Fuel and E85 impacts on Fuel Supply

System: Material Compatibility Test
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2.10 The Performance of small Gasoline engine using mixed Ethanol Fuel
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Requirement Gasoline E10 E20 E85 E100 Hydrous
Light

Color Yellow Green Blue Colorless | Colorless
Green

Octane Number Min 91 Min 90.6 Min 95 Min 94.6 106 108

Benzene, %Vol Max 3.5 Max 1 Max 1 Max 1 - -
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Aromatics, %Vol Max 3.5 Max 35 Max 35 Max 35 - =
Water, %Vol Max 0.7 Max 0.7 Max 0.7 Max 0.7 Max 0.5 Max 0.5
Denatured ethanol,

- Min 9-10 Min 19 Min 75 Min 99.5 95
%Vol
Hydrocarbon, %Vol - - - 11-25 Max 3 Max 3
Methanol, %Vol - - - Max 0.5 - -
Higher(C3Ch)

- - - Max 2.0 = -
Alcohol,%Vol
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Capacity 100g / 200g
Resolution 0.0001¢g / 0.001¢
Repeatability (std. dev.) 0.0001¢g / 0.0005¢

Linearity

+ 0.0002¢ / 0.0005¢

Balance Housing

T.5¥% 11.25%x 325"

o as . " a3
3.3.3 1A3993AA1ULT9 Shore Micro O Ring System luiaa 714 Type M %iin
P vas & ] a ¢ & | wa
auden (3U7 3.5 ldTanuwiwedudunduneduas wiavieserag Tnsnueaudfive

a ) o
wiaina Nl lauanilunis i 3.4

= ase ad w . .
A15190 3.4 uanspuanTRvewasosinAuuds Shore Micro O Ring System Tuwaa 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 8¢

Testing Standards

ASTM D2240-00

SUfl 3.5 indasinpnunda Shore Micro O Ring System Tawaa 714 Type M wilnounden
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3.4 ATTUIUMSLAZITNTNAGRU
NM33de ladmmsgunes Society of Automotive Engineering (SAE) warAmerican
A . i P N |
Society for Testing and Materials (ASTM) anlglunseviunisnageu Inefiswazidunnail

- SAE J1747: Recommended method for conducting corrosion tests in gasoline/
methanol fuel mixture. [15]

- SAE J1748: Methods for determining physical properties of polymeric material
expose to gasoline/oxygenate fuel mixture. [16]

- ASTM D2240-05: Standard test method for rubber-durometer hardness. [17]
MnImTIUnEAlinaawUadldrsul s lunsidelagul e
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1. Apparent percent weight increase (WI)
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Wet weight—0riginal weight

Apparent percent weight increase = = (1)

2. Apparent percent weight lost (WL)
o ' " 4% o Qs o o a s 3 é’ a mln” 1 Y] 1 1
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s ] 1 =l = = & ¥ as 2 | o o o«
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dugemsvaasuvdngneulfuddunvuntafigumad 100 caliunan 24 dilus

Wet weight—Original weight (2)
Original weight

Apparent percent weight lost =
3. Percent Hardness change (HN)
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Wet weight—0Original weight

Apparent percent weight increase = Tl 4 T (3)
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1.1) Fuel tube
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1.2) Insulator gasket

1.3) Carburetor gasket

a = ¥ w & a o '
A15797 4.3 uanensiwisuulamanivhudewdeiiil Carburetor gasket witlunan 1
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1.4) Pilot jet

P = Y ou & a da . ' o ¢
A519% 4.4 uanan1sdsuuuawesiiu@omadsiil Pilot jet utidunan 1 dawi
Gasoline E10 B2

1.5) Main jet
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1.6) Float
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1.8) Exhaust gasket
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1.10) Head cover gasket

A15799 4,10 uansnsudsuwUasweniiuomadsiidl Head cover gasket wtiduian 1 dUam

Gasoline
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1.11) O-ring
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2.1) Fuel tube
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2.2) Insulator gasket
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2.4) Pilot jet
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2.6) Float
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2.7) Fuel filter
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2.8) Exhaust gasket
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2.10) Head cover gasket
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1) Fuel tube
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S o 2 3 a ]
- wauminienuazauuiavasiudiu szuanddunisned 4.23 uasguin 4.1

d ‘0’ s : 1
A15799 4.23 uanwalvtndenuagouuiiueudiu

168

336

504

672

Ulug

840

1008

1176

¥, g
Uiy
Aouug | 168 | 336 | 504 | 672 | 840 | 1008 | 1176 | Buu
Gasoline 3.8084 | 4.2250 | 4.2050 | 4.2250 | 4.2250 | 4.2450 | 4.4050 | 4.4450 | 3.4736
E10 3.6639 | 4.3006 | 4.2806 | 4.2806 | 4.3406 | 4.2706 | 4.4106 | 4.4106 | 3.2547
E20 3.6599 | 4.4859 | 4.5259 | 4.4159 | 4.4759 | 4.4459 | 4.5659 | 4.6759 | 3.2093
E85 3.8408 | 4.0082 | 3.9882 | 4.0082 | 4.0282 | 3.9882 | 3.8882 | 3.9682 | 3.3981
Hydrous 3.6252 | 3.7250 | 3.7150 | 3.7050 | 3.7450 | 3.7250 | 3.6550 | 3.6450 | 3.2193
Anhydrous | 3.8293 | 3.9107 | 3.8807 | 3.9407 | 3.9407 | 3.9407 | 3.8307 | 3.8507 | 3.3937
nsLERsUIwLN N
=& Gasoline
5.00
475 =fi=F10
4,50
:E 4.25 w20
5 400 Tl ~=E85
g N '
»S : [ 4
350 ; =5¥=Hydrous
325 =@ Anhydrous
3.00 . : . ‘ ,

= Y w &
E‘U‘W 4.1 6anN1INAFRUUINUNUENYDIYTUEIU
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-~ & - o w
- WasilguAnsiAinTuvesuwiin (Apparent Percent Weight Increase,
' ¢ ¢ . H ar P & . o o o Y, o
Wi) andesidusnsiiuduusstimtinuasilasidudnisiiuduresdmindleweutnsuwia
ol @ P o o o
Toau fanandlunisnedl 4.24 wagni31an 4.25 fail

a ¢« & & a X s o
A5 1N 4.24 LAALUDITUANITIWLYUTDIUINUN

% weight increase
Part
Gasoline E10 E20 E85 Hydrous Anhydrous
Fuel tube 16.7157 20.3799 | 27.7603 | 3.3170 0.5462 0.5588

al ¢« & ¢ o S o A A Y W 2
A9 4.25 LEAALUDIFUAN TEALTUYDIUMUNIDL UL gasoline

% weight increase \WiguAv gasoline
Part
E10 E20 E85 Hydrous Anhydrous
Fuel tube 3.66 11.04 13.40 16.17 16.1

2 Yao )
- Wasldudn1sanasuasumiin (Apparent Percent Weight Lost, WL)
' < ¢ v ar B ¥ o A A e o al a
Aulesigusnisanaswasiminuasilesidudnisanaswesimtnilasuthiunialedu fs
4 . 5
uandlua1s 19N 4.26 wagmnsen 4.27 fail

< - S as
M5V 4.26 LAALUDSEUANITENBIVDIUNLN

9 weight lost
Part
Gasoline E10 E20 E85 Hydrous | Anhydrous
Fuel tube 8.7911 11.1684 | 123118 | 11.5262 11.1966 11.3755

o < g o d g o -
A15197 4.27 uaaseiidudnsanasve siminidieiig utiiiu gasoline

% weight lost isunu gasoline

Part
E10 E20 E85 Hydrous Anhydrous

Fuel tube 2.38 358 2.74 241 2.58




2) Insulator gasket

Uil 4.2
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¥ & o
- nauwinienuazauwiaastiudiu svnandlunisein 4.28 wazuanaudy

= 5 o o o a
A15199 4.28 wananatvunilunuayaunieYeatuaIu

1008

g . Falus
UIIU ) ) o
ABULY 168 336 504 672 840 1008 1176 | aUuny
Gasoline 0.9556 | 1.0227 | 1.0327 | 1.0227 | 1.0427 | 1.0427 | 1.0427 | 1.0127 | 0.9551
E10 0.9047 | 0.9859 | 1.0059 | 0.9959 | 1.0159 | 1.0059 | 1.0159 | 1.0159 | 0.8884
E20 0.9302 | 1.0281 | 1.0281 | 1.0381 | 1.0581 | 1.0281 | 1.0581 | 1.0581 | 0.9157
E85 0.9242 | 0.9647 | 0.9847 | 0.9747 | 0.9947 | 0.9747 | 0.9847 | 0.9647 | 0.9031
Hydrous 0.9011 | 0.9478 | 0.9478 | 0.9378 | 0.9678 | 0.9478 | 0.9578 | 0.9478 | 0.8735
Anhydrous | 0.9010 | 0.9161 | 0.9361 | 0.9261 | 0.9461 | 0.9361 | 0.9461 | 0.9361 | 0.8783
nsuanstmdniden
1.10
=4=Gasoline
=8—-E10
=i E20
=E85
085 T060 W 3V » Q)T 47 "2 =#=Hydrous
Ja ' ¢ ' ‘ ‘ ‘ =@ Anhydrous
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i ¥ £ . w ,
- WasigudAn1siinduvasumn (Apparent Percent Weight Increase,
| & a X ¥ @ ¢ = 1 o oo
WI) ﬂ‘\LﬂﬁJ‘iL%u'ﬁﬂTﬁLWﬂJ‘U‘u‘U@ﬂ‘U’muﬂLLaBLU@‘%L%uﬂﬂﬂiLWN?}u%ﬂﬁu’mur\L&JQLﬁElU
AT a o
UNTuLAFlYEY Auandlunnsnad 4.29 uazai919n 4.30

= ¢ a & a & S s
M13199 4.29 LARWUDSLEUANT SR UYDIUINLA

% weight increase
Part
Gasoline E10 E20 E85 Hydrous Anhydrous
Insulator
5.9753 12.2914 | 13.7497 | 4.3822 5.1826 3.8957
gasket |

= ¢ e (3 a X ° E | =l T a ”
A1357199 4.30 LaniuaTtEusNTIRLTUTD N MUNLIDME UL gasoline

% weight increase WigAY gasoline
Part
E10 E20 E85 Hydrous Anhydrous
Insulator gasket 6.32 T 153 0.79 2.08

- Weodidudnisanasvasimiin (Apparent Percent Welght Lost, WL)
mLﬂamumm‘aamawaaumuﬂLl,auu_la'st,«zsummiamawaamwunmamsumummaiﬂaau 019
wandlumsit 4.31 wazansnedl 4.32

al 3 & K )
A1 4.31 LLE‘W]\‘]LUB?L%Uﬂﬂqiaﬂﬂ\?'ﬂﬂquqﬂUfl

% weight lost
Part
Gasoline E10 E20 E85 Hydrous Anhydrous
Insulator
0.0523 1.802 1.5588 | 2.2831 3.0629 2.5194
gasket

d ¢ ° W a a v W :
A15197 4.32 wanalesiFudnisanasweniminileieunndiu casoline

% weight lost Wieuiu gasoline

Part
E10 E20 E85 Hydrous Anhydrous

Insulator gasket 1.75 1.51 223 3.01 2.47




3) Carburetor gasket

311%71‘ 4.3
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% o = =
= Nﬁu']“uﬂlaﬂﬂﬂuﬁzauuﬁﬂﬂaqg‘l‘ldqu uaAnIlunITINT 4.33 lLaZLLﬁfﬂﬂLﬂu

<l ? W o &y
A197999 4.33 uanwauvtnlenuagauiiivestudiu

T Flas i
nouws | 168 336 504 672 840 1008 | 1176 | ouu#e
Gasoline 1.2278 | 1.2631 | 1.3231 | 1.3031 | 1.3131 | 1.3131 | 1.3331 | 1.3531 | 1.2292
E10 1.1873 | 1.2646 | 1.3046 | 1.3046 | 1.3246 | 1.3146 | 1.3246 | 1.3346 | 1.1648
E20 1.1050 | 1.2196 | 1.2296 | 1.2196 | 1.2496 | 1.2296 | 1.2696 | 1.2696 | 1.0940
E85 1.5332 | 1.5964 | 1.5864 | 1.5964 | 1.6064 | 1.6064 | 1.6064 | 1.5964 | 1.5076
Hydrous 1.2336 | 1.2831 | 1.3131 | 1.3031 | 1.3231 | 1.3131 | 1.3031 | 1.3231 | 1.1979
Anhydrous | 1.2513 | 1.6554 | 1.6654 | 1.6654 | 1.6654 | 1.6654 | 1.6654 | 1.6654 | 1.2231
PN,
nsuansmunen
o0 =§—Gasoline
1.70 — & 3 % 5 @
1.60) e 5=S > ? e e —3 =f=E10
150
E
,€ 140 =fy=E20
,,§ 1.30
120 e ER
110 #&
S / | =H#=Hydrous
168 336 504 672 840 1008 1176
; =@=Anhydrous
Halag

o H o Fo A
E‘l.l"ﬂ 4.3 NANNTVNAADUUINUN LTJE!ﬂ‘tJaW‘uﬂ’Ju
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o X LI .
- Wasigudnsiinduvasumin (Apparent Percent Weight Increase,
i 5 < o X S W ¢ ¢ a & S | P u e
W) mmawﬁummsmmwaammunLLaszﬂa'ﬁlﬁﬁumﬂ'mwmwaamwumuaLﬁaumumma
o o o
Todu Aauanslun1snd 4.34 uazn151en 4.35

a & 5 H W
M15199 4.34 Lanalasidudnm syt uesvtn

% weight increase
Part
Gasoline E10 E20 E85 Hydrous Anhydrous
Carburetor
10.2052 12.4063 | 14.8959 | 4.1221 7:2552 33.0936
gasket

a P-4 v v A o Y o .
A15197 4.35 uanaefifudnsiiuiure siwiindiaWauiniu casoline

% weight increase WgvAY gasoline
Part
E10 E20 E85 Hydrous Anhydrous
Carburetor gasket 2.20 4.69 6.08 295 22.89

¥ o "
- Wesi¥udn1sanasuasumiln (Apparent Percent Weight Lost, WL)
' & g ) & 4 w A L6 o w
Awefidurinisanaasintiniasilasidusinisanaswestviindlosudsiusialedu ¢
1 .
LanalumIs 19N 4.36 waEmNsen 4.37

a e S - ¥ o
M99 4.36 LARIUDIIUANTITANEIUBIUINUN

% weight lost
Part
Gasoline E10 E20 E85 Hydrous Anhydrous
Carburetor
-0.1140 1.8951 | 09955 | 1.6697 2.8940 2.2537
gasket

o R ¢ H - Y | Y 9
M15199 4.37 waaalasiguinisanaivasuirunidaiig udnu gasollne

% weight lost iUy gasoline

Part
E10 E20 E85 Hydrous Anhydrous

Carburetor gasket 2.01 1.1 1.78 3.0 2.47




4) Pilot jet

U 4.4

45

¥ . v g
- HaUMTNINUATaUWNYRTUE Y dvuandlunnsnad 4.38 waswanaiy

= g ar el 4 a t
ATNN 4.38 LAAIHAUIMUNUENUAY DULIINTBITUAIY

. Falus
UINU
founy | 168 336 504 672 840 | 1008 | 1176 | Buw¥a
Gasoline | 0.7526 | 0.7692 | 0.7792 | 0.7692 | 0.7692 | 0.7692 | 0.7692 | 0.7592 | 0.7605
E10 0.7553 | 0.7630 | 0.7830 | 0.7630 | 0.7730 | 0.7730 | 0.7730 | 0.7730 | 0.7583
E20 0.7527 | 0.7518 | 0.7718 | 0.7618 | 0.7918 | 0.7718 | 0.7718 | 0.7718 | 0.7556
E85 0.7536 | 0.7595 | 0.7695 | 0.7595 | 0.7695 | 0.7695 | 0.7695 | 0.7695 | 0.7518
Hydrous 0.7539 | 0.7713 | 0.7813 | 0.7713 | 0.7913 | 0.7813 | 0.7713 | 0.7813 | 0.7487
Anhydrous | 0.7541 | 0.7645 | 0.7745 | 0.7645 | 0.7745 | 0.7745 | 0.7745 | 0.7545 | 0.7484
nsaEnsUavuniden
e=@==Gasoline
0.80
0.79 -=-E10
= 078
£ 20
N~ 0.0
x5 076 4= =>é=E85
075 =
=3e=Hydrous
0.74 T T T T T T 1
168 336 504 672 840 1008 1176 »-Q--Anhydrous
Falua

4 ’D’ @ ﬂy 1
E‘U'Vl 4.4 wansveaeudvitinidenveestugiu
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2 X Y . .
- Wasifudnsiinluvasimiin (Apparent Percent Weight Increase,
' ¢ o X % ar s ¢ o & 4 |
WI) mLU@%Lﬁummnwmwaam‘wumtasLﬂa‘iuﬁuﬂﬂ'ﬁmeu%aamwumumﬁau
Yo oc o a o o o
UQJJULLﬂﬂI“Ua‘U muam‘lum’rmw 4.39 waEn1519 4.40

= s @ g a & S LY
A15199 4.39 wanuUasiguinsinuuyauIvun

% weight increase
Part
Gasoline E10 E20 E85 Hydrous | Anhydrous
Pilot jet 0.8770 2.3434 2.5375 2.1099 3.6344 0.5030

al ¢ & @ LI = v A a Y o 3
A195799 4.40 LAALUDIFUANTINLTUYDIUMUNLLDE UL gasoline

9% weight increase Wiguriu gasoline
Part
E10 E20 E85 Hydrous Anhydrous
Pilot jet 1.47 1.66 1.23 2.76 0.82

F Lﬂa'swummsamawmuwun (Apparent Percent We|ght Lost, WL)
mm_iamumm'iaﬂawmmwunLLa.,Lﬂa'iwummsamawmu'munmamaumummaﬁmau $14
wandlumsed 4.41 wavanseit 4.42

v ¥ \ NG
A157199% 4.41 wanaasidudnisanasupstmtn

% weight lost
Part
Gasoline E10 E20 E85 Hydrous Anhydrous
Pilot jet -1.0497 | -0.3972 | -0.3853 | 0.2389 0.6897 0.7559

= < B & - o o = ) %
A1 4.42 LEnUouRnITanadvedumtnswguLnLu gasollne

% weight lost LUy gasoline

Part
E10 E20 E85 Hydrous Anhydrous

Pilot jet 0.65 0.66 1.29 1.74 1.81




5) Main jet
¥ ar 4 =l
- Nﬁu’l'ﬁunLﬁﬂﬂuﬁzaﬂuﬁﬂﬂaﬂauﬁqu 'i]ﬂl.l:ﬂﬂﬂ»ﬂﬂ']‘i'ﬁ'ﬂ 4.43 LLﬁSLLﬁﬂ\iL{]U

juas

= g s v a" ]
A19799 4.43 wanswaivtnlunuagauniivestudiu

47

Y. 4T
U3
ADuWY | 168 336 504 672 840 1008 | 1176 | suuvs
Gasoline 1.8481 | 1.8114 | 1.8414 | 1.8414 | 1.8414 | 1.8414 | 1.8414 | 1.8414 | 1.8508
E10 1.8663 | 1.8389 | 1.8589 | 1.8589 | 1.8689 | 1.8589 | 1.8589 | 1.8489 | 1.8679
E20 1.8534 | 1.8354 | 1.8354 | 1.8354 | 1.8654 | 1.8454 | 1.8454 | 1.8554 | 1.8555
L85 1.8056 | 1.7793 | 1.7893 | 1.7893 | 1.7893 | 1.7893 | 1.7993 | 1.7993 | 1.8042
Hydrous 1.8306 | 1.7942 | 1.8242 | 1.8242 | 1.8342 | 1.8242 | 1.8342 | 1.8042 | 1.8339
Anhydrous | 1.8421 | 1.8073 | 1.8373 | 1.8173 | 1.8273 | 1.8373 | 1.8473 | 1.8373 | 1.8391
191 =@=Gasoline
1.89
1.87 =@—-E10
:E 185 &
< 183 #—~E20
ﬁ 1.81
LS e Q5
1.79
. =3fé=Hydrous
1.75 T T T T T T 1
72 8 1008 1176
168 336 504' 6 40 00 7 E——
kg

P Y 2
E'U‘VI 4.5 nansvinaeuutnidanuetuaIu
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< X ¥ )
- Wositudnsiinduvasimiln (Apparent Percent Weight Increase,
i & '3 o 4 - Y '3 o X Y w A a 3w
whaesidudnisiinduvesimiinuazilefidudnisiiuduresimdnifloisutnsiu
. o = o
gasoline Aananslunsen 4.44 uagm1s99 4.45

=l ¢ @ - oF v ar
A15199 4.44 LEAUUDIRIUAN SINLTUTDIULN

% weight increase
Part
Gasoline E10 E20 E85 Hydrous Anhydrous
Main jet -0.3625 -0.9323 | 0.1079 | -0.3489 -1.4422 ~-0.2626

= - o X H T | Y o .
M990 4.45 LEAALUDIFUANTINLALY B s ML ALLBLNg UL gasoline

% weight increase Wiguiy gasoline
Part
E10 E20 E85 Hydrous Anhydrous
Main jet 0.57 0.47 0.01 1.08 0.10

AR :
- Wasidudn1sanasvasdmin (Apparent Percent Weight Lost, WL)
U & (2 ,; ar a .ﬂl ar d lﬂ’ Lo L ot
AUpsiduinITanae i minuazie fiduinsanasesimdnifiameuiiunialedy &
< i
waaslumsen 4.46 waga5199 4.47

d ‘O) at
15199 4.46 Lan U EuiNITanAIYD LN

% weight lost
Part
Gasoline E10 E20 E85 Hydrous Anhydrous
Main jet -0.1461 -0.0857 | -0.1133 | 0.0775 -0.1803 0.1629

= it 1 e H w A o 5 o h
A19199 4.47 LEAWUDTIIURNITAREIYDILIAUNLILBINE ULNEIU gasoline

% weight lost tiBufiv gasoline

Part 7
E10 E20 E85 Hydrous Anhydrous

Main jet 0.06 0.03 0.22 0.03 0.31
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6) Float
¥ ar = =
& Nau'munﬁ]tinuﬁzauuﬁwawud‘m "ESLL?{WQSLUWW'NVI 4.48 LLﬁSELﬂﬂ\!L{ju

o vy &
A5 4.48 wasanavinieniasauniiuesduaiu

49

¥ . T
WINU
fauwy | 168 336 504 672 840 1008 | 1176 | auwim
Gasoline | 4.1167 | 4.1212 | 4.1312 | 4.1212 | 4.1112 | 4.1212 | 4.1012 | 4.1212 | 4.0694
E10 4.2134 | 4.2285 | 4.2485 | 4.2585 | 4.2585 | 4.2685 | 4.2585 | 4.2285 | 4.1604
E20 4.3889 | 4.4102 | 4.4302 | 4.4102 | 4.4302 | 4.4202 | 4.4102 | 4.3902 | 4.3217
£85 4.1058 | 4.1264 | 4.1264 | 4.1264 | 4.1564 | 4.1464 | 4.1464 | 4.1664 | 4.0303
Hydrous | 4.0206 | 4.0768 | 4.0868 | 4.0368 | 4.0968 | 4.0668 | 4.0768 | 4.0868 | 3.9433
Anhydrous | 4.1137 | 3.7172 | 3.7372 | 3.7272 | 3.7372 | 3.7072 | 3.7572 | 3.7072 | 3.9854
nsILEAIUIIULNIUeN
4.50 =§=Gasoline
B ~=E10
’:;: 4.10
£ g,
€ s £ 20
2
ME 3.90
L —r=E85
3.70
=#=Hydrous
350 ki T T T T T T 1
0 168 336 504 : 672 840 1008 1176 M@“Anhydrous
alalg

al 5 o al &
E‘Uﬂ 4.6 pan1sviagauuIrunilenYeIduaIu
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o & % s "
- WasiwuAn1sIAinTUYeswin (Apparent Percent Weight Increase,
' & o & H W P & - ¥ w A
WhaUasidudnisiiudurostvinuazivasidudnisiiudueesuntiniiofisu
Untiunialedu Awuanslunisned 4.49 wagmnsnan 4.50

= I3 < - - o
A1319N 4.49 I.Lﬁﬂﬂl.ﬂaiLgumﬂqiLWNﬂU'ﬂaduqﬂuﬂ

% weight increase
Part
Gasoline E10 E20 E85 Hydrous | Anhydrous
Float 0.1093 0.3584 | 0.0296 | 1.4759 1.6465 -9.8816

o c &g € a o S w A A Y .
AN 4.50 KEAANUBITUANITIRLT UV IUMUNLLDINULNIU gasollne

% weight increase Wiy gasoline
Part
E10 E20 E85 Hydrous Anhydrous
Float 0.25 0.08 1.37 1.54 9.99

3 3 g s &
- Waslgudn1sanasvasudnmiin (Apparent Percent Weight Lost, WL)
' & % ar < ¢ ¥ v d  a AY ™ = w
Awesiduinisanawasiminuasilafidudnisanaswesiinindiaisutiniusialedu &
P |
wandlumIs19n 4.51 Lagnnsnan 4.52

d ’UJ ar
A15197 4.51 wanslesidusinisanasesimitn

% weight lost
Part
Gasoline E10 E20 E85 Hydrous Anhydrous
Float 1.1490 1.2579 | 1.5311 1.8389 1.9226 3.1188

o ° v A4 a W 5
M5 4.52 ugnsasidusimsanaswpsimtinideriisutniiu casoline

9% weight lost Wieufiu gasoline

Part
E10 E20 E85 Hydrous Anhydrous

Float 0.11 0.38 0.69 0.77 1.97
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7) Fuel filter
¥ o &
- nau e nuaauwiIvasudiy axianslunnseit 4.53 wavwanadu
sy az

= ‘o’ e 4 qy ]
A5 4.53 uanrauMuNUenuay DU UEIY

v Flasa

L]

Ui

nouuwy | 168 336 504 672 840 1008 1176 | auuwa

Gasoline 3.6726 | 3.5820 | 3.6020 | 3.5420 | 3.5620 | 3.5620 | 3.5520 | 3.5820 | 3.5485

E10 3.6987 | 3.6902 | 3.7402 | 3.7602 | 3.7802 | 3.7802 | 3.7802 | 3.7802 | 3.7080
E20 3.6895 | 3.7892 | 3.8392 | 3.8192 | 3.8792 | 3.8492 | 3.8892 | 3.8992 | 3.7433
£85 3.6750 | 3.0034 | 3.9434 | 3.9434 | 3.5634 | 3.9434 | 3.9534 | 3.9534 | 3.7512

Hydrous 3.6749 | 3.9516 | 3.9816 | 3.9616 | 3.9816 | 3.9816 | 3.9816 | 3.9816 | 3.7154

Anhydrous | 3.6779 | 3.8497 | 3.9197 | 3.9397 | 3.9297 | 3.9297 | 3.9097 | 3.8897 | 3.7260

y o
nsnansuLnden
4.25 =§==Gasoline
410 -
~-E10
a 895
z
< 580 4 ——E20
£ 365 1
: 350 —=[E85
335
=#=Hydrous
3.20 . ; . . : . :
0 168 3% 504 672 B0 108 1176 &~ Anhydrous
dalarg

] E o ol a M
Z‘Llﬂ 4.7 mansnagauunnunilanyesduaru
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- X ¥ % .
- Wesidudnsiintuvasimiin (Apparent Percent Weight Increase,
| P -1 ¥ 7 Pl o ¥ ¥ ar a
whAUBsdudn1siiuTusesivtnuasiledidudnisifivdusesiindniliefieu
¥ o o a w a =
Unsiunialedu Awandlunnsnad 4.54 wageTan 4.55

= & o 4 Y
A15199 4.54 uanwlesifuinsiuduuasuivtn

% weight increase
Part
Gasoline E10 E20 EB5 Hydrous | Anhydrous
Fuel filter -2.4669 2.2035 5.6837 7.5521 8.3458 5.7587

= & o X H w 4 a ¥ o .
N197199 4.55 LEnaUosgunnTiiuIus Mt nlag v LNy gasollne

9% weight increase Wgunu gasoline
Part
E10 E20 E85 Hydrous Anhydrous
Fuel filter 4.67 8.15 10.02 10.81 8.23

- Wasiudnisanasuasdmiin (Apparent Percent Weight Lost, WL)
i « ¢ - ) < & 4 w A & a
Adesidudinsanasvesiminuasieniduinisanasesmtindisevihdunialedy f
= &l
uAnalusNS19N 4.56 UaEmn3en 4.57

#1597 4.56 wanalasidufinisanasreaivln

% weight lost
Part
Gasoline E10 E20 E85 Hydrous | Anhydrous
Fuel filter 3.3791 -0.2514 | -1.4582 | -2.0513 -1.1021 -1.3078

P ¢ d ¥ v 4 A T W .
AN519N 4.57 LaRLUDITUANITAREIUDLMUNLLDLNE UL gasoline

% weight lost s Ui gasoline

Part
E10 E20 E85 Hydrous Anhydrous

Fuel filter 3.63 4.84 543 4.48 4.69
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8) Exhaust gasket
% o 9 S o &
N ﬂauwuntﬂﬂnuﬁsaumeawuﬂ'm uuanlumnsen 4.58 uazhanalu
U 48

d 'BJ o ﬂy 1
f197199 4.58 uanmwaumtnilenuasouniivesivaiu

Flan

Ny
nouwy | 168 336 504 672 840 1008 | 1176 | auwid

Gasoline 4.3822 | 4.5806 | 4.3606 | 4.3506 | 4.3406 | 4.3606 | 4.7106 | 4.6706 | 4.3143

E10 4.2061 | 4.4771 | 4.4671 | 4.1271 | 4.1071 | 4.1471 | 4.5271 | 4.5171 | 4.0884
E20 4.3571 | 4.3088 | 4.3688 | 4.2788 | 4.3088 | 4.2988 | 4.6188 | 4.6288 | 4.2640
£85 4.2845 | 4.2167 | 4.2467 | 4.2167 | 4.2267 | 4.2267 | 44367 | 4.4267 | 4.2537

Hydrous 4.4218 | 4.3495 | 4.3595 | 4.3695 | 4.3695 | 4.3595 | 4.5595 | 4.4995 | 4.3672

Anhydrous | 4.3523 | 4.2698 | 4.2798 | 4.2898 | 4.2898 | 4.2798 | 4.4498 | 4.3998 | 4.3198

AsansuLnden
4.80 =@=Gasoline
4.70
@ 450
S, =20
ag 4.40
w4302 =85
4.20
4.10 == Hydrous
400 T T T T T T N -
0 168 336 504 672 840 1008 1176  =@= Anhydrous
Falag

al H o o = 4
UMl 4.8 nansvaseuimitinidenvesdudiu
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- Lﬂa‘swummnwmwmu'muﬂ (Apparent Percent We&ght Increase,
Wl)ﬂ’uﬂaimumm'nwu‘uu'uaaumunu,a L‘IJ’E]‘EL“UUﬁIﬂ’]‘iLWEJ“UU'U?NU'\WNﬂL:JBL‘VIEJ‘U
ummma‘iﬂuau ﬂ\‘lLtﬁﬂd‘[uﬂ’ﬁ’N'ﬂ 4.59 LL?SW’I’]TNV] 4.60

= ¢ ¢ o & H a
N1919% 4.59 LLEWNLU?JSL%Uf‘IﬂWiLW!J‘UU‘UENU']ﬂUﬂ

% weight increase
Part
Gasoline E10 E20 E85 Hydrous Anhydrous
Exhaust gasket 6.5811 7.3940 | 6.2358 | 3.3189 1.7572 1.0914

= - o & Y o A A ) .
A197199 4.60 LAMLUDITUANTTINLY UUDIUMUNLLBE UL gasotine

% weight increase WiBuAU gasoline
Part
E10 E20 E85 Hydrous Anhydrous
Exhaust gasket 0.81 0.35 3.26 4.82 5.49

A Y4~ )
- wWasidudnnsanasvasunuiin (Apparent Percent Weight Lost, WL)
' Pl -1 ar v o A o a
Aasidudnisanasssiminuasiasidudnisanaswesimindlaieuiiunialedu fa
= o
WARSLUMNTI9N 4.61 UaEA15 1N 4.62

o '3 S @
M9 NN 4.61 U»aﬂqLﬂﬂ?L‘iu@ﬁﬂ’l?ﬁﬂﬁﬂ‘U@ﬂumﬁUﬂ

% weight lost
Part
Gasoline E10 E20 EB5 Hydrous Anhydrous
Exhaust gasket 1.5495 27983 | 2.1367 | 0.7189 1.2350 0.7467

=l s & r - o d a 5 a )
A51N 4.62 LANUBIIEUANTTARaIYR U MLN By ULNTU gasollne

9% weight lost LiBuriu gasoline

Part
E10 E20 E85 Hydrous Anhydrous

Exhaust gasket .25 0.59 0.83 0.31 0.80
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9) Crankcase gasket
g ar -4
- HaUMTNUENLATaULARIY U wuﬁm‘lum*mﬁ 4.63 wavwanay
54 4.9

= 5w a o e
M990 4.63 LanINal T WUNUNILAL DULKIYBITUEIU

¥ . Flaa
1y

fouwy | 168 336 504 672 840 1008 | 1176 | auums

Gasoline 4.5110 | 4.6730 | 4.7830 | 4.7930 | 4.7430 | 4.8330 | 4.8730 | 4.8730 | 4.4023

E10 45725 | 4.9417 | 4.9617 | 4.9817 | 5.2317 | 4.9917 | 5.0917 | 5.0617 | 4.4605
E20 4.7092 | 5.1116 | 5.1316 | 5.2816 | 5.2816 | 5.2316 | 5.3316 | 5.4116 | 4.6649
EB5 45184 | 4.6273 | 4.5573 | 4.6873 | 4.7473 | 4.7573 | 4.7273 | 4.7573 | 4.4452

Hydrous 4.4395 | 4.7175 | 4.7275 | 4.6575 | 4.8175 | 4.7875 | 4.7275 | 4.8075 | 4.3317

Anhydrous | 4.3870 | 4.4440 | 4.5840 | 4.6140 | 4.6540 | 4.6140 | 4.5940 | 4.5540 | 4.2887

N3N BEAIUIATINIUBN

=@=Gasoline

~-E10

=—E20

=>e=E85

=H=Hydrous

0 168 336 504 672 840 1008 1176

. == Anhydrous
2lag

=l ¥, @ o )\
UM 4.9 nansvegeuumMUnUeNYeTuEIY
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- Lﬂaswumn'mwmuﬂaeumun (Apparent Percent Welght Increase,
WI) ﬂ']LU?J‘SL“HUG]ﬂTiLWJJ‘UH‘UﬂﬂU']‘WLlﬂLLﬁuLUE)‘EL“U‘LW]ﬂ'ﬁtWiJ‘tlU‘U?NU'mumimL%ElU
yuuAaledy daandumsei 4.64 uazased 4.65

= ¢ & o & Y w
A157199 4.64 uaaleTiguRN SN LY BILNWLN

% weight increase
Part
Gasoline E10 E20 E85 Hydrous | Anhydrous
Crankcase
8.0248 10.6987 | 14.9155 | 5.2873 8.2892 3.8067
gasket

= £ iy o & Y w od o ¥ o :
ANTNN 4.65 LAANUBITUAN TIRLTUYDILMUNLIDME VLU gasoline

% weight increase Wity gasoline
Part
E10 E20 E85 Hydrous Anhydrous
Crankcase egasket 2.67 6.89 2.74 0.26 4.22

Y o )
- WastBudn1sanasvauInin (Apparent Percent Weight Lost, WL)
| ¢ ¢ S o ¢ s -4 w A L B o a
ﬂ']L‘UEJ'SL‘%‘LMﬂ'ﬁﬁﬂﬁx‘!“lla\‘m’muﬂLLﬁﬁLﬂBSL‘ﬁUﬁﬂﬁiaﬂﬁxi‘ll’e)xi‘u’muﬂLi.li']LﬁEJU‘Lﬂﬁ.IULLﬂﬂI‘dgu (98
A Y
LLE‘IW&‘LUGWSN% 4.66 La¥MNT NN 4.67

o b e Y Y
A15199 4.66 LARILUDSIHUANITANAIUDIUINLN

% weight lost
Part
Gasoline E10 E20 E85 Hydrous Anhydrous
Crankcase
2.4097 24494 | 0.9407 1.6200 2.4282 2.2407
gasket

< s & ¢ S\ o 8l o o g o 4
TN 4.67 LaRUUBIgURNTTAARIUDIL MUNILBINE UL gasoline

% weight lost WiBufiu gasoline

Part
E10 E20 E85 Hydrous Anhydrous

Crankcase gasket 0.04 1.47 0.7 0.02 0.17
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10) Head cover gasket
¥ o v - =l
- namnunﬁ]ﬂnu,azauwwawud'm %u,amlumsﬁm 4.68 LLﬁSLLﬁﬂ&LﬂU
U 4.10

P ¥ o o v &
M350 4.68 uamNalMuNUynLay auLmeueIduaIu

v, Hlus
13Ty

neuwy | 168 336 504 672 840 1008 | 1176 | suwis

Gasoline 23144 | 33025 | 3.4625 | 3.4025 | 3.5025 | 3.5325 | 3.6525 | 3.6725 | 2.0845

E10 1.9439 | 3.1492 | 3.2092 | 3.3492 | 3.3992 | 3.3492 | 3.4892 | 3.4492 | 1.6979
E20 2.1459 | 3.5101 | 3.5001 | 3.5801 | 3.6801 | 3.5401 | 3.6301 | 3.6901 | 1.8373
£a5 2.0112 | 2.8659 | 2.8659 | 2.9059 | 2.9359 | 2.8959 | 2.9359 | 2.9159 | 1.7019

Hydrous 1.7037 | 1.7013 | 1.7613 | 1.7613 | 1.8113 | 1.8113 | 1.7413 | 1.7913 1.4236

Anhydrous | 2.0712 | 2.6942 | 2.8042 | 2.8242 | 2.8442 | 2.8242 | 2.8242 | 2.7842 | 1.7751

nsnansdutnden

4.00 =§==Gasoline
350 - \ - -
=8-E10
. 300
7 s E20)
£ 250
5 200 n =it G5
1.50 : =3=Hydrous
1.00 T T T T ?
=@ Anhydrous
0 168 336 504 672 840 1008 1176

alaig

al S @ = ady
E‘U'Vl 4.10 NanIVRdsuLIMUNIENYDITUATY
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- X ¥ ar .
- Wafigudn1siiuduasuimiin (Apparent Percent Weight Increase,
W andesidudnisiiudurssiamilnuazilasidudnisiiuduve simtiniliarieu
Yniuialedu fauandlunisned 4.69 wagnns1an 4.70

-l ¢ & ¢ o & S o
A1519N 4.69 LAAWUDIYUANTTIRLTLYDIUMUN

% weight increase
Part
Gasoline E10 E20 EB5 Hydrous Anhydrous
Head cover
58.6804 77.4371 | 71.9605 | 44.9831 5.1418 34.4245
gasket

= P il a X Y oA a Y o ¥
M15719% 4.70 LaAdUaTiguanI TN uraelnuun o uLngu gasollne

% weight increase WigUAy gasoline
Part
E10 E20 E85 Hydrous Anhydrous
Head cover
18.76 13.28 13.70 53.54 24.26
gasket

s @ .
- Wasidudn1sanasvasdmiin (Apparent Percent Weight Lost, WL)
1 4 L3 %’ al ’o‘ as d‘ =) g as o =l as
Aasiguinisanamestiviniazilesifusnisanasrasivinidlawieviniundalady ¢
= o
wamdlumns1en 4.71 waymsnen 4.72

= - S %
ANTMN 4,71 LAAUUDIITUANITARRITDIUIVLN

% weight lost
Part
gasoline E10 E20 E85 Hydrous Anhydrous
Head cover
9.9335 12.6550 | 14.3809 | 15.3789 16.4407 14.2961
gasket

P CACIAY, H - | Y .
A519N 4.72 uEAUUDITUANITANAIEIUIMUNLBIBULNNY gasohne

% weight lost LWiBUAU gasoline

Part
E10 E20 23 Hydrous Anhydrous
Head
Cover 272 4.45 5.45 6.51 4.36
gasket
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11) O-ring
% Y x P
- Mt MINUENULaTaUAIURIBUEIY FLuaRdluANTI 4.73 warwanalu
sU 4.11

o v % a
fN1319N 4.73 LLaﬂ\?NaquunlﬂU NELAYDULVINTDITUAIU

¥ Flue

Y]

Uiy

newwy | 168 336 504 672 840 1008 | 1176 | auwi

Gasoline 0.8338 | 0.9119 | 0.9219 | 0.9119 | 0.9219 | 0.9319 | 0.9519 | 0.9519 | 0.7786

E10 0.8611 | 0.9875 | 0.9875 | 0.9975 | 1.0075 | 0.9875 | 1.0375 | 1.0475 | 0.7850
E20 0.8523 | 1.0187 | 1.0087 | 1.0087 | 1.0087 | 1.0287 | 1.0487 | 1.0887 | 0.7721
E85 0.8270 | 0.8205 | 0.8305 | 0.8405 | 0.8405 | 0.8305 | 0.8105 | 0.8405 | 0.7390

Hydrous 0.8552 | 0.8562 | 0.8662 | 0.8762 | 0.8762 | 0.8762 | 0.8662 | 0.8762 | 0.7695

Anhydrous | 0.8431 | 0.8178 | 0.8178 | 0.8278 | 0.8378 | 0.8378 | 0.8178 | 0.8178 | 0.7576

v
n5INLLEAIUIMENLUEN
120 ==@==Gasoline
A 810
3 10
= i E20
'E 090
3 080 =>é=E85
s =#=Hydrous
0.60 , - : / : : :
0 168 33 504 672 840 1008 1176 ' @=Anhydrous
s

o Y e Ky ¥,
‘E‘U‘ﬂ 4.11 NanITVAFUUINUNILENY BT UEAIU
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- Lﬂaiwummsmwwmuwun (Apparent Percent Welght Increase,
Wwi) mLUaiwummimmwaqmwuﬂua LU’:]‘iL“ﬁUﬁﬂ’]iLW&J‘UH‘UE}QU’muﬂLSJ‘:]L‘VIEI‘U

PunAaledy ﬂ\flLL?lﬂ\ﬂ'Ufﬂ']‘i’}\W] 4.74 LL@:;‘W"I‘J’NVI 4.75

al f 7 ¢ a X H o
M54 4,74 LERLUIIYUANTIRLIUYBIUNLN

% weight increase
Part
Gasocline E10 E20 E85 Hydrous Anhydrous
O-ring 14.1641 21.6467 | 27.7367 | 1.6324 2.4556 -3.0008
= a8 « P4 g - Y .
A195199 4.75 waaaUaTiguan T LY UTD U MUNLLaIME UUNHU gasoline
% weight increase WiguAv gasoline
Part
E10 E20 EB5 Hydrous Anhydrous
O-ring 7.48 1357 19755 118 17.16

N .

- Wasiludn1sanasvasuimin (Apparent Percent Weight Lost, WL)
' ¢ ¢ ;5 s 3 e k4 Y| ¥ o & ar
ﬂ']i.‘lJE]‘iL‘?I‘WIﬂTiﬂﬂawm‘u’mw'lLL?ISLUS'iL%lMﬂ’]'iﬂﬂﬁd‘UENU'MUf]LNBLﬁEJUu‘WJJulLﬂﬁI‘Uﬁu AN

P
wandlun159i 4.76 wazansai 4.77

< € @ & H as
M1519% 4.76 LaRiUBIgUANITANAIUBIUINUN

% weight lost
Part
Gasoline E10 E20 E85 Hydrous | Anhydrous
O-ring 6.6203 8.8375 | 9.4098 | 10.6409 10.0210 10.1411
= g "N ¥ v 4 a ¥ ey >
A1519 4.77 LA UDSIUANITANAIUDIUMUNIDINEUUINY gasollne
% weight lost \iguriu gasoline
Part
E10 E20 E85 Hydrous Anhydrous
O-ring 9.22 2.79 4.02 3.40 3.52
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v

4.3 WANITNAFIUAULTY
wamnudasURLimuaLd thiiudlegininaunddnaislasunasduin 5 90

2
a

a o = v ' ) = =t P =
yeaz 10 i Faagliuanmaveausastiudiunisned 4.78 f9 4.81 uaglugun 4.12 f
o X
4.15 ;U
1) Fuel tube nApnuudslagldusnauun F = 1 Kef

= T oo & a o a
A1519% 4.78 uansnuuiewes Fuel Tube luthduewdsiavneia

g

Yudumedau | Original | Gasoline | E10 E20 E85 Hydrous | Anhydrous

Fuel tube 72.69 84.55 82.71 83.62 83.97 82.87 83.85

4 af io’ L = 1
WHUNWLEAIANLLT VR sTud AT lulnsiuyiafee

90

W Fuel Tube

Original  Gasoline E10 E20 E85 Hydrous Anhydrous

suv 4.12 wammufﬁwm Fuel Tube 7ugluuiunannyia

U

2) Head cover gasket Mnmauuddlagldisnavuin F=1 Kef

N VR . W &
MN15797 4.79 LERIAIULTIUe Head cover Gasket Tuthsiutiomaviannyila

?;Jud'mwm?lau Original | Gasoline E10 E20 E85 Hydrous | Anhydrous
Head cover

g 75.51 15i27 70.84 80.82 75.65 75.60 79.22
gaske




WAUAWLERIANNLTsvasBudunawudTudusdaiee

I l I I I E M Head Cover Gasket
T T T T T T ST |
Q[”*S‘\‘ @'\9 Q,‘bo) N Ng

> e
6‘0

90
85

80

& S
& & °
o & ) ?S@\

¢ i N
JUN 4.13 nanuuderes Head cover gasket Mugluthdunsmniin
3) Main jet Tadranuudslagldussnavun F = 1 Kef

= : ? o & a & o
A15799 4.80 uERsAIULTweY Main Jet Tuthsiul@aimdaimnuiln

v

Fudlunmaay | Original | Gasoline | E10 E20 E85 | Hydrous | Anhydrous

Main jet 136.34 135.46 135.26 | 13596 | 120.16 | 127.58 126.74

LHUAINLEA AN TIvasTudTund sudlutnsiuyiianngg

140

135

130 -

125

120
M Main Jet

115

110

105 +—

100 -+ T
Original  Gasoline E10 E20 E85 Hydrous  Anhydrous

< i, 9w & P
UM 4.14 e uudewes Main jet Audluthiunsnia



4) Float Yarmmuudalagldusinasuin F = 0.2 Kef

= Yo & o & a
M13799 4.81 tLﬂﬂQﬂ’ﬂMlL‘?N‘UEN Float Tutnsiuleindsiaunadn
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Original

ALY
2,2 B 2 G
|
i
_ |
i

Gasoline

E20

12'13]14

Hydrous

Anhydrous

%uﬁ’mwmﬁau Criginal | Gasoline E10 E20 E85 Hydrous | Anhydrous
Float 1494 | 1500 | 1482 | 1454 | 1628 | 14.28 14.34
LLNu.nmuﬂmmwmﬁiwaﬁudmné’auﬂuﬁﬂﬁuﬁﬁmha']
17 o e e L R b LR v =
i
16 L
M Float

2 ey 13
U 4.15 nanmudiawed Float wdluiiiuvimneiia
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o s & = a a = a v ' [ ]
A1 Tuuniidun1sieTeinan1Maase d9n15itasievlauusesndu 3 dau
1 s s d L] s J
L‘ﬁu&ﬁH?ﬂUﬂUUW‘VENW‘UNW MU

o o
5.1 msilasunuasaneuen1en1enIn

= ¥ W a ol a '
511  aswasuwasussirsiudawasilimagey ndwannisunidungd 1
a ¢ d & el Y oo & __— Y -y
#UaW FuauunaBuiansagaedniineusnluindudawmas vinlvavesintiuuisiaie
o ar o ow & @ %1 a1 o | a a — a v
nmswasuulasludnuueMdudy nawiuldindudiusiagrafiiinnsildsunlasiiiule
s ] [ : 1 o = = ¢ o S ' ?,’ s c}' =
Farauarunniutudrumdulndiwes ¥0fe Fuel tube Taswuiidveauduioinds
ﬂd “:’ =Y |A § 22 1] ar o s
Wasuwlaia 6 vilewsiviuldetrsdmaureuialesedd 85, laasaeviusa way 5100
o s = o Y a o ¢l
dmfu  Head cover gasket wunisiUdsuuUaslulniudewmdsuialesedd 85,
L7 ar 4 o s Q ar : 1
lensaioniuea wag 5100 Fawandlumisnan 5.1 wag 5.2 auaidiu wavdmsududiu
) ' a = a ¢ ol e pu| [ = 1 o
fmadnmilulavevialndiwasunerdnianisildsuilastasuinvialdiinisidsundas
917U Pilot jet, Main jet way O-ring 1Wudu

= ) o ; 13 o | a e
U 5.2 maldeunlaswesduialeeedd 85, lansaeniuea uar 8100 lu Head cover
Gasket
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o - a4 & '
5.1.2 Madsuuvanastuduitlinasey Weduganmeaeuvierwluibuna

) 1 n‘f 1 Y 1 g ol A ? o &' a P
1176 Fala wuiBuausmednunduiiniswasunladlunudvsaihdudamdadownann

Qs = E s J = al Ay i A & 1 @
AasandRnMsuIndusainiuliomds Suduiiuldedednaufie Fuel filter Tnenwunis

= 3w o sal s o ° w o ) ' g
wWasuulasluhduuialesadd 10, 820 uay 885 Mm99 5.3 FmSuTudrumieg19UNTu
a @ ' ol & = = . ° o o al
Wnan1sianTeuniilasanistudiundulaneiivuluy Main jet dmiuuialageddio, 820
=l ar A

uay 885 dauandluguil 5.4

B0 o

b3 = i o
g / o

audely

5U 5.3 msiAsuudasduns Fuel fitter Tuufalesedd 10, 8 20 uay 885

H\\\ \". L

d d = N W . : ﬂ“ fﬂ‘ = =
JUN 5.4 nswdsunyasdves Main Jet Tuufialesed® 10, 8 20 uay 885

1 =3 =] s u‘i ] v & '3 @
aghalsfinnuy nmswasusladnuagnanienmysaaauuliawsaldlunaeindn
a. il viu & gve v | a = = ¥ s
Tun1susuifiududuls sauddldvdedalusinlunisiarsandaife arswasuwlasingn
= A i L% | a o &
wagmawasuwasruuds Tasfiusnuandliiuinnasguitlésnaddunsivsmeiuay
= 1 r - ol v Il ’/5 1 d s 1 A o U o at
Ussiliuinianviinlaseniulevaelilatu lifinueinaeduiven iweimuadediialunis
U 9w o s nly =3 o = € a ag o
fuAt1reIuItTedl Fadvuanaalun1sitesigndallfe nsUIRENISNAFB UTBS
wialeeedd 10, 820, 985, laaSaenuea wag 9100 WA WUTBUWIBUAUNANISNARBU
o o Bk b o a ¥ v o - ¢ a8
voufaledu Faduiniutiomdamgiunltlasiduniaseudian

=l ¥ o
5.2 aswdasundasuivu

524 Lﬂaﬁﬁuﬁmstﬁ'uﬁwmﬁwﬁn (Apparent percent weight increase, WI)
WE19ININTLY Tminvestuduis e amua usinTuiand wimnedatinisiiudy
\ownsnnsunsasvenintiudemas Tasanunsadualdarnansed 5.1 u,asgﬂﬁ 5.5
wazthwansmaaeuiildiUssuiisuiusa mvaaoutefaleduduandumsad 5.2 fdl
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A15199 5.1 wanadasifudnisiudvesstinven (W)
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% Weight increase

Part
Gasoline E10 E20 E85 Hydrous E100
Fuel Tube 16.72 20.38 27.76 332 0.55 0.56
Insulator Gasket 5.98 12.29 1375 4.38 5.18 3.90
Carburetor Gasket 10.21 12.41 14.90 4.12 7.26 33.09
Pilot Jet 0.88 2.34 2.54 2.11 3.63 0.05
Main Jet -0.36 -0.93 0.11 -0.35 -1.44 -0.26
Float 0.11 0.36 0.03 1.48 1.65 -9.88
Fuel Filter -2.47 2.20 5.68 7.55 8.35 5.76
Exhaust Gasket 6.58 7.39 6.24 332 1.76 1.09
Crankcase Gasket 8.02 10.70 14.92 5.29 8.29 3.81
Head Cover Gasket 58.68 77.44 71.96 44.98 5.14 34.42
O-ring 14.16 21.65 27.74 1.63 2.46 -3.00
isedl 5.2 Wasifudnmaiiuturenimin wi) daifisuiu tugasoline
% Compare Gasoline
Part

£10 £20 £85 Hydrous E100

Fuel Tube 3.66 11.04 13.40 16.17 16.16

Insulator Gasket 6.32 7.7 =59 0.79 2.08

Carburetor Gasket 2.20 4.69 6.08 2.95 22.89

Pilot Jet 1.47 1.66 1.23 2.76 0.82

Main Jet 0.57 0.47 0.01 1.08 0.10

Float 0.25 0.08 137 1.54 9.99

Fuel Filter 4.67 818 10.02 10.81 8.23

Exhaust Gasket 0.81 0.35 3.26 4.82 5.49

Crankcase Gasket 267 6.89 2.74 0.26 4.22

Head Cover Gasket 18.76 13.28 13.70 53.54 24.26

O-ring 7.48 13:57 12383 11.71 17.16
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80.00
70.00
% 60.00
s 20.00 M Gasoline
£ 40.00
- WELD
+ 30.00
K] ME20
= 20.00
-3 10.00 WESS
0.00 M Hydrous
10,00 _FuelTube  Insulator  Exhaust  Crankcase Head Cover — @E100
Gasket Gasket Gasket Gasket
Parts
V4 Z s QI ﬂy ] ’0’ UV UVV Il'-’
E‘lhﬂ 5.5 Lﬂaw‘ﬁwﬁﬂﬁsmmwmmmﬂmmmmﬂaaw‘%a 1176 H3lus
80.00
70.00
60.00
E 50.00 M Gasoline
il
R T oponano AT ISVes's's SR VA A aonnnnn NS BRAeE 1 U
& 30.00 |
]
2 2000 |- e e re
£ bt @ Hydrous
10.00 gl g
o - i ®E100
0.00 - i o il £ & —
Carburetor PilotJet Mainlet Float] | Fuel Filter Oring
-10.00
Gasket
Parts

< ' s < a & K3 o ar )
U7 5.5 (di0) Weddudnmsituwoniminudmimegeunio 1176 dalus

AN 5.1 uayguN 5.5 sanslidusavofiduinadsunvaniminvdsan
n1sud Taeaziiulddn Fuel tube, Insulator casket, Crankcase gasket Head cover
gasket, Carburetor gasket, Fuel filter uag O-ring 11Lﬂamumm‘s;wmwaemwunaamw
uialeduluuialeoed® 10 uas 820 dwalinuandinislinuiudomaindianamie
msiinauseislunisnisideou dlusfaleseds 85, loasaeniuea uag 5100 wuin
Fuel tube, Insulator gasket, Crankcase casket, Head cover gasket ﬁL‘UB%L%um'iLﬁu%u
tosmiufalsdudmalinuanifmunislinureduduiutudomadsdandnimnsaniy
uazd M3 Float fu O-ring fiedifuinsiudureniminfnaundeiiminanasnnnd
vminneunsudmulunsalesedd100 3diannsolsvdiumsmassstudiuludemasiu
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o u o a & as & w ¥ oa & a & =
uLﬂ I@EﬂﬂLLﬁﬂ\?quqﬂﬂ 5.3 Naa?dﬂ'ﬁ'l.]?zLJJTJL‘UU?{'JUG'ITQEJ'NVN'VIQJ?WﬂUUWNULﬂBLWﬁQWQ%ﬂWu@

[

9t

o a < o & 5w v 5w .
M19799 5.3 uansraagunisussdliuefidudniaiudure sdminidaiisuiuiiiugasoline

Part W
E10 E20 E 85 Hydrous E100
Fuel Tube 03 05 * * *
Insulator Gasket 2 o * * *
Carburetor Gasket 3 33 > > 3
Pilot Jet > Y ¢ » 2.
Main Jet * * * * *
Float > w Y > ©
Fuel Filter 5 O 5 03 o
Exhaust Gasket * * * * x
Crankcase Gasket £ £ >. ¢ Y Y
Head Cover Gasket 0o 33 * * *
O-ring oS o * * e
Tnefmusistemneded, Ao Budruiimumnzauiuiniudomaniy
Lz g Ao Fughuitmslimusedasyudleldfudomas
e fia Fuduitlianunsousuiiuld

3 o .

5.2.2 1Wasildudn15anasuasuavin (Apparent percent weight lost, WL)
ar ] A:‘ ﬂ:’ v : 1 d v%" as J = & as
VRIRINNNSWYYTON 1176 Talud 9xiin1sauwiwestudu e lmintiudawdsiunsnadlu
FUAIUAIDENITEVBDEN VLA BALUIAILNINTNTSRTLdIY TasatusafuInlaIn

o - o Ay v e P a I a
190 5.4 wargun 5.6 wagthuaniseaeunldiliauiisuiunamavasauvewialedu
\ 3 o X
Feuandlunsan 5.5 daf)



= & H @
A5199 5.4 wanulasidudnsanasvesmn (WL

% Weight Lost
Part

Gasoline E10 E20 E85 Hydrous E100
Fuel Tube 8.79 1117 12.31 11.53 11.20 11.38
Insulator Gasket 0.05 1.80 1.56 2.28 3.06 252
Carburetor Gasket -0.11 1.90 1.00 1.67 2.89 225
Pilot Jet -1.05 -0.40 -0.39 0.24 0.69 0.76
Main Jet -0.15 -0.09 -0.11 0.08 -0.18 0.16
Float 1.15 1.26 1.53 1.84 1.92 342
Fuel Filter 3.38 -0.25 -1.46 -2.05 -1.10 -1.31
Exhaust Gasket 1.55 2.80 214 0.72 1.23 0.75
Crankcase Gasket 241 245 0.94 1.62 243 2.24
Head Cover Gasket 9.93 12.65 14.38 15.38 16.44 14.30
O-ring 6.62 8.84 9.41 10.64 10.02 10.14

o ¢ £ o A v 3w 2
A15199 5.5 uamalasifudnisanasvesimin (WL Wefleuiudidu gasoline

% Compare Gasoline
Part

E10 E20 85 Hydrous E100
Fuel Tube 2.38 3.52 2.74 241 2.58
Insulator Gasket 1.75 1.5} 223 3.01 247
Carburetor Gasket 2.01 121 1.78 3.01 2.37
Pilot Jet 0.65 0.66 1.29 1.74 1.81
Main Jet 0.06 0.03 0.22 0.03 0.31
Float 0.11 0.38 0.69 0.77 1.97
Fuel Filter 3.63 4.84 5.43 4.48 4.6%
Exhaust Gasket 125 0.59 0.83 0.31 0.80
Crankcase Gasket 0.04 1.47 0.79 0.02 0.17
Head Cover Gasket 272 4.45 5.45 6.51 4.36
O-ring 2.22 279 4.02 3.40 352
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18 -
16
14
Lo ~ M Gasoline
]
g 10 WEL0
« 8
£ WE20
@ 6
= MESS
3 4
5 M Hydrous
0 B i & ®E100
.» - FuelTube Insulator Exhaust Crankcase HeadCover O-ring.
4 Gasket Gasket Gasket Gasket
Parts
P ¢ R Je ¥ ™) a v
FUN 5.6 Wo B uRana0IuInuNEIN1To UL
18
16
14
12 M Gasoline
73
g 10 = ®EL0
3 (gl el o et AN g Rl L L Ll il R Ba ]
an WE20
-a 6
2 mESS
®
A€ j M Hydrous
0 - : EE100
-2 | Carburetor - PilotJet . MainJet - Float - Fu
4 Gasket
Parts

A ] < a X g u o w )
U7 5.6 (di0) Wedidwinsiintuvesiminuasnavaaeuvive 1176 4alus

A o = 5 @ = o
INANTA 5.4 wazguTl 5.6 Wuesiduinswdsuulasiminfiana mdiainnis
2 ot v g1 . = ¢ & &
DU ILanliAuIn Fuel tube, Head cover gasket iay O-ring Hilasidusin1sanasved
Umiinluuialygedd 10, 820, 885, lan¥aoniues was 8100 gendy Weidudnnsanasves
’DJ s o ﬂ! 4 U ﬂl" 1] s 1 ar 1 d q.' - o ar
Uwtinlushaledudawanadidiuintudiusananiinisiansouiloundlul@onds wavdwmiu
o ™ ¢ W P o 'Y
Float Nudluwialesadsd 20 U Fuel fitter Mualunialesadd 10, 820, 885, lansaeniusa
WAY 9100 WUIBUAIUTUMUNNLTUNA 191N UMATIAILINAINTUAIUABUAITUY
{ : 1 d 1 v a Q‘ ¥ :’ Qs
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o a & ¥ o d a o ¥ oW 4
M990 5.6 LLaﬂﬂNaﬁqﬂﬂqiﬂiﬁLNUL‘U@5Lﬂumﬂqiﬁﬂﬂﬁmasu1WUﬂLNﬂWIE!‘Uﬂ'U‘L!']llu gasollne

Part L
E10 E20 E 85 Hydrous E100
Fuel Tube 0 03 8 O 3
Insulator Gasket * >* o 03 o
Carburetor Gasket > * Y 0 5
Pilot Jet * | X * * >
Main Jet * * * * >
Float * * * > *
Fuel Filter © ° o () e
Exhaust Gasket * * * * >
Crankcase Gasket | * * * * *
Head Cover Gasket i o3 o 33 =
O-ring e ] 2 3 0 S
e munelemnedd Y Ao Sudndirumnzanfuiniudewa iy
4 Ao SudndimsldmmsiasyYadeldiuidamas
(- Aa Judwitliaansaussdiule

=

5.3 nswasuudasnnuuda

PFRINANSHTTUNAY 1176 97lud TaeyinsIana1annauwmadudu 1nduauay

- a o 1 ey a o ¢ 2 = ]
5 9a982 10 Junil drdndalaunafisuaziurnlafiduinisiAsuuuamuuluay
£ & & £ a 4 o ~ s o =l s = a

Wasidunanundaidsuntasdiamisuiunialedy famn5199 5.7 uay 5.8 waziangan
'am's'mﬁwamﬂgim 5.7 o9l

o ' ol ) e 4B
A15197 5.7 wansAlafiduidsundasanuudwewudasdudu

Part % Hardness Change
Gasoline | E10 | E20 E85 | Hydrous | E100
Fuel Tube 16.3042 13.7730 | 15.0303 | 15.5063 14.0014 15.3522
Head Cover Gasket -0.3179 -6.1850 7.0326 0.1854 0.1192 4.9136
O-ring 10.6515 -10.3958 | 4.76952 | 11.8918 7.0072 15.0886
Main Jet -0.6455 -0.7921 -0.2787 | -11.8674 -6.4251 -7.0412
Float 0.4016 -0.8032 -2.6774 8.9692 -4.4177 -4.0161
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al ¢ 2 & o & A o . ¥ o .
AN51N 5.8 LERWUDIFUANTITU B ULUBIA UL BN UAULNLY gasollne

Part % Hardness Change
E10 E20 E85 Hydrous E100
Fuel Tube 2.5312 1.2739 0.7979 2.3028 0.9520
Head Cover Gasket 5.8671 6.7147 0.1325 0.1987 4.5957
Main Jet 0.1466 0.3668 11.2219 5.7796 6.3957
Float 0.4016 2.2614 8.5676 4.0161 3.6145
Hardness
20 M %ChangeGasoline
15 4 M %ChangeE10
@ 10 B %ChangeE20
b
o
g 5 —  M%ChangeE85
& D=t H %ChangeHydrous
Fuel Tube
<5 %ChangeE100
-10
-15 - - - B W P
Part

= & « =
JUT 5.7 Wadiduinmaiuasuulaseuuds(HN)

- o o o4 =
INFUN 5.7uan15797 5.7 uanalesidudnisdsuwdasmnuudsdisuantianig
= wen o a ' a 0 gV a
wWasukUasamuaudinisnmegnn weswinanusduiuliniedowiuluagrilviinaiu
@emenenieawls laganig Main et
o ¢ < < ¢ d ¢ I o al =
wialvgad afalonueauay 8100 HwWeddudmuudwaaiinuialedu Wewnainnis
W ' o ot & o o eal =t s & @ ]
nanTouvesenueaiulany uagdmiu Float Nudluufalyasdd 85 dasigusiainuuds
WntuainuAalefiudainlsiudiudiosudsduiiloniaizvsounnld lneagunanis
a Y -l
Usziluamudelananisned 5.9

gadulaveaziulainlunialesadd 85,
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E20 E 85 Hydrous E100
Fuel Tube * * *

Insulator Gasket

Carburetor Gasket
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Part A
Fuel Color | Part Color Wi WL Hardness

Fuel Tube X X
Insulator Gasket
Carburetor Gasket \ X
Pilot Jet
Main Jet X
Float X
Fuel Filter X X ?
Exhaust Gasket
Crankcase Gasket
Head Cover Gasket X X X
O-ring X X




a = [l Qy 1 ar ’u’ s 4’ a =
19799 6.2 Ltﬁﬂ*ﬁﬂ'ﬁﬂﬁ&ﬂL%.Iuﬂ’]"\llIMSJ'15?{11Lkﬁb’\lliL‘WSJ'I&?IZJ’U@Q‘ﬁUﬁ’JUﬂUu'mUWﬁL‘WEN‘LU 820

75

Part Lo
Fuel Color | Part Color Wi WL Hardness

Fuel Tube X X
Insulator Gasket X
Carburetor Gasket X
Pilot Jet
Main Jet X
Float X
Fuel Filter X X ?
Exhaust Gasket
Crankcase Gasket X
Head Cover Gasket X X
O-ring X X
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Part =
Fuel Color | Part Color Wi WL Hardness

Fuel Tube X X
Insulator Gasket X
Carburetor Gasket
Pilot Jet
Main Jet X X
Float X
Fuel Filter X X ?
Exhaust Gasket
Crankcase Gasket
Head Cover Gasket X X
O-ring X
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Hydrous Ethanol

Fat Fuel Color | Part Color Wi WL Hardness
Fuel Tube X X
Insulator Gasket X
Carburetor Gasket X
Pilot Jet
Main Jet X
Fuel Filter X ?
Exhaust Gasket
Crankcase Gasket
Head Cover Gasket X X X
O-ring ?
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8100
oa E100
Fuel Color | Part Color Wi WL Hardness
Fuel Tube X X
Insulator Gasket X
Carburetor Gasket X
Pilot Jet X
Main Jet X
Float X
Fuel Filter X ?
Exhaust Gasket
Crankcase Gasket
Head Cover Gasket X X
O-ring
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Part Suitable Be careful to use
Fuel Tube - All Fuels
Insulator Gasket - All Fuels
Carburetor Gasket EBS E10, E20, Hydrous, E100
Pilot Jet E10, E20, E85, E100 Hydrous
Main Jet E10, E20 E85, Hydrous, E100
Float - All Fuels
Fuel Filter 7 - All Fuels
Exhaust Gasket All Fuels -
Crankcase Gasket Hydrous, E100 E10, E20, EB5
Head Cover Gasket - All Fuels
O-ring - All Fuels
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SCIENTECH SA 210D ANALYTICAL SPECIFICATIONS

CAPACITY 100g
READABILITY 0.0001¢g
PAN SIZE 3.5" / 8.9 cm Diameter
WEIGHING MODE Dual Range
TARE RANGE 0-200g
REPEATABILITY (STANDARD DEVIATION) 0.0001g
LINEARITY +0.0002¢
CALIBRATION External
STABILIZATION TIME ~3 Sec.
WEIGHING SPEED Adaptive
DISPLAY UPDATE INTERVAL 200 ms

DATA INTERFACE

RS-232 bidirectional interface is standard. Baud
rates are 300, 600, 1200, 2400, 4800, 9600 and
19,200

PAN SIZE

3.5" Diameter

POWER SUPPLY

115V/60Hz or 230V/50Hz

WINDSCREEN DIMENSIONS (W X D X H)

75%x825x95"/19.1x21.0x24.2cm

HOUSING DIMENSIONS (W X D X H)

DS TH 25 % 3,25/ 9. 14X 28.6 x 8.3 cm

CALIBRATION WEIGHT

100 g, 50 ¢

o W o
2. WAIDIAAIULLYS

ad aw wa 1 @
2.1 Shore Durometers Type M System IﬂEJLﬂiaeuanwmmaxamﬁuummqﬁ] AULEINS

Tusy 2n uaen1sw 2n el
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) 4 o«
A1519f 2.1n LanaATesinAuLGs Shore Durometers Type M Systems

Scale Range 0-100

Scale Resolution(Point) 1

Hardness Range 10-90

Descent Rate 3.2mm/s
indenter Extension 1.25 mm
Indenter Type Sharp 30 Deg. Angle
Indenter Diameter 0.8 mm

Max. Spring Force 78 ¢

Throat Depth 22 mm

Throat Height 32 mm

Table Dimensions 95x55 mm
Testing Standards ASTM D2240-00
Power Requirements N/A

Weight 7.7 kg

2.2 MITUTOYO HM-113 Micro-Vickers Hardness Testing Taoiadesdnuvusuay
AEIRA1Y Aauanslugy 2.2n waganing 2.2n fadl
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E‘Uﬁ 2.2n wannATasinAULTE MITUTOYO HM-113 Micro-Vickers Hardness Testing

A58 2.1 uanaAasianIads MITUTOYO HM-113 Micro-Vickers Hardness Testing

Specification
Model MM-113
Test force range (mN) 98.07, 245.2, 490.3, 980.7, 1961, 2942,
4903, 9907
Test force setting By dial
Loading accuracy 1% (forces less than 1gf are ignored)
Load control Automatic (loading, duration,
unloading)
Load duration 5 98- see
XY stage
Stage size (mm) 100 x 100
Travel range 25 x 25mm, with micrometer heads
Mim. Reading 0.01mm
Max. specimen height (mm) 95
Max. specimen depth 150mm (from the center of indenter)
Indenter/objective turret Manual type
No. of indenter mount 1-mount
No. of objective mount 2-mount (10X, 50X)
Optical path 2-way (measurement / exposure)




Minimum reading

0.1um (0.2um: HM-101)

Data output

RS-232C, Digimatic code (SPC) and
Centronics

Power supply

100/120/220/240V AC, 50/60Hz

Dimensions (W x D x H)

Main unit (mm)

410 x 600 x 590

Control unit (mm)

165 x 260 x 105

Mass (main unit) (kg)

Test force range

42

98.07, 245.2, 490.3, 980.7, 1961, 2942,

4903, 9807mN

Test force setting

By dial

Control unit

Durable sheet switch type

Video monitor 9 “B/W
Indenter/objective turret Manual type
No. of indenter mount 1

No. of objective mount

2 (measurement)

85
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ATANUIN U
UINIFIUNIININEAIU
R NDED METHODS F N N RROSION  TESTS |

ASOLINE/METH LF MIXTURES-—-SAE J1747 DEC 1994

4.1 Standard Practice for Laboratory Immersion Corrosion Testing of Metals in Methanol
Fuels.

4.1.1 This section describes the specific test conditions and requirements for
immersion corrosion testing of metals, inorganic coated metals, and plated metals in
methanol fuels within the general procedure described in ASTM G 31-72.

4.1.2 INTERFERENCES
4.1.2.1 Paragraph 4.1.3 ASTM G 31-72, conceraing the aeration of the
solution, is to be excluded for testing in methanol fuels. Aeration or deaeration is not to
be used as part of this procedure.
4.1.2.2 The methanol fuel test solution is to be changed once each week
of the test in order to minimize bulk solution composition changes, minimize oxygen
depletion of the fuel, and to replenish ionic contaminants.

4.1.3 APPARATUS

4.13.1 A closed airtight, i L high-density polyethylene container with a
minimum burst strength of 202.7 kPa is required. The vessel is not to be filled to more
than 80% of its volume. No metallic vessels are permitted.

4.1.3.2 Typically, the container is to be heated by air, or placed in a
water or sand bath. Heating mantles or hot plates are not permitted. The vessel is to be
heated uniformly with no localized application of heat. Aeration or stirring of the
solution is not allowed. Close and seal the container after the test temperature is
reached to minimize internal pressure buildup. Observe safety precaution applicable to
the handing of flammable mixtures.

4.1.3.3 The temperature must be maintained at 45°C +2°C for the
duration of the test.
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4.1.4 TEST SPECIMEN

4.1.4.1 The test specimens can consist of flat panels or strip coupons
with a large surface to mass ratio. For inorganic coated or plated specimens, It is best to
coat the panels after the panels are cut to size in order to avoid exposed edges.

4.1.4.2 The test vessel can be used to immerse up three test coupons
that are 25.4 x 101.6 mm in size so as not to exceed 0.2 cm?/ml of metal surface area
to fuel volume (maintain at least 5 ml/ecm?). Multiple samples must not contact each
other.

4.1.5 TEST CONDITIONS
4.1.5.1 Composition of Solution
4.1.5.2 The test solution are to be prepared as described in Appendix
1.The test solution must be changed each week of the test. In the case where fuels
containing hydroperoxides are used, the fuel shall be made up fresh each week during
the test period.
4.1.5.3 The temperature of the corroding solution are to be maintained
at 45°C+2°C,
4.1.5.4 Paragraphs 9.72, 9.7.3, 9.7.4, 9.8.2, 9.8.4 and 9.9.3 of ASTM G 31-74
referring to aeration, stirring and heating to boiling do not apply to material testing in
methanol fuels.
4.1.5.5 Continue the test for at least 2000 h with evaluations at one
week, three week, six week and 12 week intervals.

4.1.6 INTERPRETATION OF RESULTS
4.1.6.1 The measurement of corrosion is as described in ASTM G 31-72,

paragraph10.

METHOD R RMINI P C PROPERTIE F__POLYMER
MATERIALS EXPOSED T LINE/OXYGENATE FUEL MIXTURES—-SAE J174
JAN1998

4. Determining Worst- Fuel

4.1 Equilibrium Weight Increase--To compare the extent of polymer swelling by
the five test fuels given in Tablel,the polymer must be allowed to reach equilibrium
with each fuel. Thus, the sample will be immersed in the test fuels until they attain a
constant weight, as set forth in Appendix A.
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4.1.1 SAMPLE PREPRATION--To reduce the amount of time required to
complete the test, plastic sample used for this procedure will be thin films produced
under a nitrogen blanket by hot-plate forming or other similar method. Note should be
taken that the effect of fuel on very thin hot-plate formed films can vary significantly
from the effect of fuel on very thin hot-plate formed, or extruded specimens. Samples
will have a minimum surface area of cm? and will be made as thin as possible. Thicker
specimens can be used but they will require much longer equilibration times. After thirty
test specimens have been marked for identification with an engraver or punch
precondition them at 23°C+2°C and 50°C+5°C relative humidity for a minimum of 10
hours according to ASTM D168, Procedure A. For rubber, mark twenty-five ASTM D 471
volume changes test specimens with a punch, for identification.

4.1.2 CONDITIONING THE SAMPLES--Weight the specimens individually, in
gams, to 4 decimal places. Place 6 plastic specimens into each of 6 glass vessels
furnished with a reflux apparatus, as specified in ASTM D471. Fill each vessel with a
different methanol blend test fuel such that all specimens are completely submerged.
Fuel formulations are provided in Table 1, or SAE J1681. Allow at least 1 cm of fuel
above the plastic sample to compensate for any evaporation. For elastomers, allow at
least 3 cm fuel above the sample to compensate for swelling as well as evaporation.
Using water or sand bath, heat the test fuel uniformly in the vessel to 55°C+2°C. Do not
use heating mantles or hot plates. For elastomers, replace the test solution daily for the
first three days and weekly thereafter. For plastics containing plasticizer, replace the
solution twice each week for the duration of the exposure. For other plastics, replace
the fuel mixtures weekly. Continue sample exposure until constant weight is attained, or
for a minimum of 500 hours. Observe safety precautions applicable to the handling of
flammable and toxic mixtures (refer to OSHA and local laboratory procedures and
standards.)

4.1.3 WEIGHING THE SAMPLES DURING CONDITIONING—Except for special
situations, applicable to the second part as follows (conditioning in worst-case fuel),
weight each sample at one week intervals to determine if absorption of the fuel
stabilized. Remove the samples to be weighed from the vessel containing the hot fuel
and place them in a container of the same fuel at room temperature. Let the sample
stand in the fuel for a period of 0.5 to 1 hour, Weigh a weighing bottle, in grams, to 4
decimal places. Remove one sample from the cool fuel blot. Drop it into the weighing
bottle and seal it within 10 seconds to prevent any further weight loss due to
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evaporation. Weigh the bottle containing the sample and record the weight of sample
(obtained by difference from the tare bottle). Repeat this procedure for the other five
samples (and for each fuel blend). If there change in Apparent Percent Weight Increase
for each simple in particular fuel (as defined in Appendix A) for three consecutive
weightings, the five samples are to be removed for drying. The exposure of the sixth
plastic sample in each set is to continue until the worst-case fuel has been determined.
At which same exposure will be continued only for the sample in that fuel. (See
Equation 1)

[(W¢ of bottle+sample)—ut of bottle—Original ut|
Original weight

Apparent Percent Weight Increase = x100 (Eq. 1)

Once it has been determined that equilibrium has been reached, the weights for

each sample for the last three weighing periods will be averaged. This value will
determined the Equilibrium Swollen Weight for that sample.
NOTE—The time necessary for the samples to reach equilibrium may vary from one test
fuel to another. Therefore, exposure to a test fuel should continue until the statistical
treatment of successive Apparent Percent Weight Increase determinations indicate that
equilibrium has been attained in that fuel. It might be expected that samples in the
worst-case fuel will reach equilibrium more rapidly than in any other. However, this
assumes that there is only one mechanism involved in the absorption process which
might not be the case.

4.1.4 DRYING THE SAMPLES—After recording the Equilibrium Swollen
Weights, air dry the samples in a hood for 24 hours, and then dry them in a vacuum
oven at 100 °C to a constant weight. Weigh the samples every 48 hours to determine
the “interim dry weight” until there is no change in the Percent Weight Lost of any
sample group for three consecutive weighing periods (using the statistical principles in
Appendix A.). (See Equation 2.)

(Equilibrium Swollen Weight—"interim dry weight")
Equilibrium Swollen weight

Percent Weight Lost = x100 (Eqg. 2)

Once it has been determined that an equilibrium dried state has been reached,
the weights for each sample for the last three weighing periods will be averaged. This
value will be termed the Dried Weight for that sample.
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The fuel in which conditioning produces the greatest percentage difference between the
Equilibrium Swollen Weight. And the Dried Weight, is the worst-case fuel and will be
used to condition samples for all subsequent property determinations. (See Equation 3.)

(Equilibrium Swollen Weight-Dried Weight)

Dried Weight x100 (Eq' 3)

Equilibrium Percent Weight Change =

NOTE—If CMO is the worst-case fuel. Physical property measurements should
also be made after conditioning samples in CM15 for comparison.



91

ANANUIN A
o c & ¢ P
N15AUIURNUBSLIUNNISIUAYULUAY

sy ¥ : v
1. WasiwuAn1siutuvasumiln (Apparent Percent Weight Increase, WI) l#iain
auns

wet weight - original weight
original weight

Apparent percent weight increase = x 100
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§ Carburetor Gasket
i thwiineunsudng) o ﬂwﬁmﬂ? i -
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Gasoline 1.2278 13531
E10 1.1873 1.3346
E20 1.1050 1.2696
E85 1.5332 1.5964
Hydrous 1.2336 18231
Anhydrous 12513 1.6654

at i & & I3 :\' :‘i‘ ,o’ s o v
INAITNILUAAIDEINISU U DD UMNLTUYDIUIMIN d195U Carburetor Gasket Tu
o = 1 :’I 1 g s ¥ = A = 1 s
uhaladuyinty duihiudandsvdsnanuiieniu

PNENNINIsIUesidudn1siiuduve i mitin
wet weig'ht. - origi'nal weight 100
original weight

Apparent percent weight increase =

YW = l%;—sz—z?ﬂ x 100 = 10.21
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WA flavarunLLanaluns e L.2e G

o ¢ | - T
A15197 1.2a wansuasi@udnmaldsunlasiviniiudy

% weight increase
Part
Gasoline E10 E20 E85 Hydrous E100
Carburetor gasket 10.2052 12.4063 | 14.8959 | 4.1221 7.2552 33.0936

¢ & ¢ 3 o v
2. wWasluan1sanadvasunin (Apparent Percent Weight Lost, WL) wilsianasunns

dried weight — original weight

Apparent Percent weight lost = — : x 100
original weight
a %’ % o 4
o dried weight flg UIINVAIINBULMAY
original weight Aa  uwmlindunaunsuy

fagransmefidudnsiiu@uyoatmin
clg 2V %’ (v LY 1 lo’ r ny 1
Tunilsslthimineas Carburetor Gasket Wusiage Ieenavasuiminidunvestiudiy
'Y) 1 v ) * N
fegralawandunisah 2.1a il

| 27 e
A137199 2.1A waasununued Carburetor Gasket

¥ o Carburetor Gasket
WY v v
tminnounIsu(nsy) UMENSIBUWAI(NSY)

Gasoline 1.2278 1.2292
E10 1.1873 1.1648
E20 1.1050 1.0940
E85 1.5332 1.5076
Hydrous 1.2336 1.1979
Anhydrous 1.2513 1.2231

PMNATNALLNFAIDENNTE IS ISuARLTUYaIUIvn 15U Carburetor Gasket Tu
P [ i Y & a o a | s
10T duinduanasvdefAnuLAetu
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PNFUNSNTIUaSIEuRn1TRNTUYR I n

dried weight — original weight

Apparent Percent weight lost = — - x 100
original weight
1.1648-1.1873
%WI = ———— x 100 = 1.8951
1.22781.1873
Adildvianunuaninalunisng 2.2a fail
o ¢ & = H v da &
AN 2.2A LLamLUaiL%ummiLﬂaauuﬂaw’munwmmu
% weight lost
Part
Gasoline E10 E20 E8b Hydrous E100
Carburetor gasket -0.1140 1.8951 0.9955 1.6697 2.8940 2.2537

¢ g = %
3. Uatdudnsiudeunuasauude (Percent Hardness Changes, HN) wil@ainaunis

hardness (fuel) — hardness (original)
hardness (original)

Percent hardness change = x 100

o) Audevesdudiuilidsunimeaasy
) & a
o) AU IVD I AL TBINEY

hardness (original) A
Hardness (fuel) A

@ ' £ 2 € < e

AIBNNITW WU HTUANITIUALULUB IR
d&l o5 g ar <1 ar [l & .-;’." ] a 1 Y
Tuntiagldiminues Fuel Tube Hudiee1e Insnavainnuwdsvasdudrusingale

o v
LANSIUANSIIT 3.1A sl

= il
A15199 3.1 A LARIAIULTINISUAEUL YA

Part

Original

Gasoline

E10

E20

E85

Hydrous

E100

Fuel Tube

72.693

84.545

82.705

83.619

83.965

82.871

83.853

Percent hardness change =

hardness (f uel) — hardness (original)

hardness (original)

PMNMITIRLYNFIDE1NTV BT udiNTuveimn sy Fuel Tube TuwAaleduwiity
| Y o o a o e a I oa s
dqutfuaewiimas fAauieliy

x 100



Al aaunuLanraluansedl 3.2a

%WI =

84.545 — 72.693

84.545

el

&
U

' € ¢ = ¥ e o o
A597 3.2 wanuUasidudnsuasunlasiinAiudu

X 100 = 16.3042
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Part

Gasoline

E10

E20

EB5

Hydrous

E100

Fuel Tube

16.3042

15773

15.0303

15.5063

14.0014

15.3522






