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Appendix xXxX

CATEGORY | UNLEADED GASOLINE

Markets with no or first level of emission controls; based primarily on fundamental vehicle/engine performance and protection of

emission control system.

PROPERTIES UNITS LIMIT
Mn. Max.

91 RON™ () Research Octane Number - 91.0

Motor Octane Number - 820
95 RON" (0 Research Octane Number - 95.0 -

Motor Octane Number - 850 -
‘98 RON® () Research Octane Number - 980

Motor Octane Number - 880
Oxidation stability minutes 360 -
Suifur content. mglkg - 1000 3
Metal content (Fe, Mn, Pb@3), other)} gh - Non detectable (9
Oxygen content % mim - 276
Aromatics content % viv - 500
Berzene content % viv - 50
Vohtility See Following Tables, page 11
Unwashed gums mg/ (00 ml - 70
Washed gums mgf100 ml - 5
Density kg/m? 715 780
Copper corrosion mere. Class |
Appearance Clear and Bright
Carburettor cleanliness mert. 80® -
Fuel injector cleanliness % flow loss - 10
Intaie valve cleaniness | merit 9.0®

General Notes:

NB.# I: Additives must be compatible with engine oils (no increase in engine sludge/varnish deposits).
Addition of ash-forming components is not allowed.

NB.# 22 Good housekeeping practices to reduce contamination (dust, water, other fueks, etc).

Footnotes:

(1) Adequate habeling of pumps must be defined and used; fuel should be dispensed through nozzles meeting SAE [285.‘Recommended
Praaice Gasoline Dispenser Nozzle Spouts’. Three octane grades defined for maximum market flexibility. Availability of all three not
needed.

(2) The unit mg/kg is often expressed as ppm. Lower sulfur wntent preferred lor catalyst-equipped vehides.

() MNoi ional lead addition. M level of 0.005 g/t is ac ble during the tr i period.

(4) Metal-containing additives are accepted for valve seat protection in non-catalyst ars only. In this @se, potassium-based additives are
recommended.

(5) Where oxygenates are used. ethers are preferred. Where up to 10% by volume ethanol (meeting ASTM D 4806 and a pHe of 7 - 9) is
permitted, by pre-existing regulation. the blended fuel must meet all other Category | requirements and and fuelling pump hbeiling is
recommended. Higher (C > 2) aloohols are limited to 0.1 ¥ maximum by volume. Methanol is not permitzed.

(6) Compliance with this requirement an be demonstrated by the use of proper detergent additives in comparable-base gasolines.
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Markets with stringent requirements for emission controls or other market demands.

CATEGORY 2 UNLEADED GASOLINE

PROPERTIES UNITS LiMIT
Min. Max

‘91 RON" (0 Research Octane Number - 9.0 -

Motor Octane Number as -
95 RON" () Research Octane Number - 9.0 -

Motor Octane Number 80 -
98 RON' () Research Octane Number 8.0 -

Motor Octane Number 80 -
Oxidation stabilicy minutes 480 -
Sulfr content mglkg - 200 )
Metal content (Fe, Mn Ph Others) gl Non-detectable @)
Phosphorus content mgfl Non-detectable ()
Silicon content mglkg Non.detectable (3
Oxygen contant % m/m - 270
Olefins contert %y - 200
Aromatics content %viv - 40.0
Benzene content %vlv - 25
Vohatitity See Following Tables, page |1
Sediment mgll - i
Unwashed gums ©) mg/100 mi - 0
Washed gums mg/100 mi - S
Densiey kg/m? 715 770
Copper corrosion merit Class |
Appearance Clear and Bright
Fuel injector cleanliness % flow boss - 5
Irtake-vaive sticking pass/fail Pass
Intake vaive cleanliness Il
Method | (CECF-05-A-93). or avg. mghvalve - 0
Method 2 (ASTM D $500), or avg. mgivaive - 100
Method 3 (ASTM D 6201) avg. mghvalve - )
Combustion chamber deposits )
Method | (ASTM D 620§), or % 140
Method 2 (CECF.20-A-98), or mglengine 3500
Method 3 (TGA - FLTM BZ154.01) % mass.@ 450° C 0

General Notes:

NB.# I: Additives must be compatible with engine oils (no increase in engine sludge/vamish deposits).
Addition of ash-forming mmponents is not allowed.
NB8.#2 Good housekeeping practices to reduce contamination (dust, water; other fuels. etc.).

Footnotes:

(1) Adequate labeling of pumps must be defined and used; fuel should be dispensed through nozzles meeting SAE J285, 'Recommended
Practice Gasoline Dispenser Nozzle Spouts’. Three octane grades defined for maximum market flexibility. Avaitability of all three

not needed.

(2): The unit mg/kg is often expressed as ppm.

(3): Ator below detection limit of test method used. No intentional addition of metal-tased additives.

(4): Where oxygenates are used, ethers are preferred. Where up to 10% by volume ethanol (meeting ASTM D 4806 and a pHe of 7 - 9) s
permitted by pre-existing regulations, the blended fuel must meet all other Category 2 requirements and fuelling pump kbelling is
recmmended. Higher (C > 2) alohols are imited to 0.1 % maximum by volume. Methanol & not permitted.

(5): Compliance with either the Unwashed Gum limit or the Combustion Chamber Deposits limit is permitted.
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CATEGORY 3 UNLEADED GASOLINE

Markets with advanced requirements for emission controls or other market demands.

PROPERTIES UNITS LIMIT
Min. Max.

91 RON' (1 Research Octane Number - 91.0

Motor Octane Number - 825
‘95 RON' () Research Octane Number - 95.0

Motor Octane Number - 85.0
‘98 RON' (0 Research Octane Number - 980

Motor Octane Number - 880
Oxidation stabdity minutes 480 -
Sulfur content, mgikg - 30
Metal content (Fe,Mn.Pb,Other) gl Non-detectable ()
Phosphorus content mg/l Non-detectable ()
Sibcon content mglkg Non-detectable (3
Oxygen content % mim - 2709
Olefins content % viv - 10.0
Aromatics content % viv - 350
Benzene content % viv - 1.0
Volatility See Followirg Tables, page ||
Sedimert mgfl - [l
Unwashed gums ) mg/ 100 mi - 30
Washed gums mg/ 100 mi - 3
Density kgm 715 77
Copper corrosion mertt Class |
Appearance Clear and Bnght
Fuel injector cleaniiness % flow loss - S
Inake-valve sticking passifail Pass
Intake valve cleanliness Il
Method | (CEC F05-A-93),0r avg. mgivalve - 30
Method 2 (ASTM D 5500}, or avg. mglvalve - 50
Method 3 (ASTM D 6201) avg mgivalve - 50
Combustion chamber deposits ©)
Method | (ASTM D 6201}, 0or % 140
Method 2 (CEC-F-20-A-98) or meglengine - 2500
Method 3 (TGA FLTM BZ154.01) % mass. @ 450° C 20

General Notes:
N.B.# I: Additives must be compatible with engine oils (no increase in engine sludge/varnish deposits).

Addition of ash forming components is not alkowed.

N.B.# 2: Good housekeeping practices to reduce contamination (dust. water, other fuels, etc).

Footnotes:

(I): Adequate labeling of pumps must be defined and used; fuel should be dispensed through nozzles meeting SAE ]285, 'Recommended
Practice Gasoline Dispenser Nozzle Spouts’. Three octane grades defined for imum market flexability. Availability of all three not
needed.

(2): The unit mg/kg is often expressed as ppm.

(3): At or bedow detection limit of test method used. No intentional addition of metal-based additives.

)

Where oxygenates are used. ethers are preferred. Where up to 10% by volume ethanol (meeting ASTM D 4806 and a pHe of 7 - 9) 1s
permitted by pre-existing regulations, the blended fuel must meet all other Category 3 requirements and fuelling pump labelling is
recommended. Higher (C > 2) aloohols are limited to 0.1 % maximum by volume. Methanol is not permitted.

(5): Compliance with either the Unwashed Gum limit or the Combustion Chamber Deposits limit 15 permitted.
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CATEGORY 4 ADED GASOLINE ]

Markets with further advanced requirements for emission control, to enable sophisticaced NOx technalogies.

PROPERTIES UNITS LIMIT
Min Max.

‘91 RON' () Research Octane Number - 910

Motor Octane Number - as -
95 RON’ () Research Octane Number - 95.0 -

Motor Octane Number - 8.0 -
98 RON" () Research Octane Number - 98.0

Motor Octane Number - 880 -
Oxidation stabiliy minutes 480 -
Sulfur content mgkg - Sulfur-free (9
Metal content. (Fe.MnPb.other) gl Non-detectable @
Phosphorus content mgl Non-detectable (3
Silicon content. mgikg Non-detectable ()
Oxygen contert %mim - 2749
Olefins content %vlv - 10.0
Aromatks content % viv - 350
Benzene content. %viv - 10
Volatilicy See Following Tables, page 11
Sediment mgit - |
Unwashed gums © meg/ 100 ml - 30
Washed gums mgf100 ml - 5
Density igm? 715 770
Copper comrosion menit Class |
Appearance Clear and Bright
Fuel njector cleanliness % flow loss ~ 5
Intake-valve sticking pass/hail Pass
Imtake vaive cleaniiness il
Method | (CECF-05-A-93). or avg. mgivalve - 30
Method 2 (ASTM D 5500), or avg. mgivalve - 50
Method 3 (ASTM D 6201) avg. mgivalve - 5o
Combustion chamber deposits )
Method | (ASTM D 6201),or * 140
Method 2 (CEC-F-20-A-98), or mglengine - 2500
Method 3 (TGA FLTM BZ154-01) % mass. @ 450° C 20

General Notes:

N.B.# I: Additives must be compatible with engine oils {(no increase in engine sludge/varnish deposits).
Addition of ash forming components is not allowed.

N.B.#2 Good housekeeping practices o reduce mntamination (dust. water, other fuels, etc).

Footnotes:

(1): Adequate labeling of pumps must be defined and used; fuel should be dispensed through nozzes meeting SAE |285, 'Recommended
Practice Gasoline Dispenser Nozzle Spouts’. Three octane grades defined lor maximum market flexibility. Avaifability of all three not
needed.

(2): 5-10 mgkg madmum, depending on the appliable emission standard. The unit mg/kg is often expressed as ppm.

(3): At or below detection imit of test method used. No intentional addition of metal-based additrves.

{4): Where oxygenates are used, ethers are preferred. Where up to 10% by volume ethanol (meeting ASTM D 4806 and a pHe of 7 - 9) is
permitted by pre-existing reguhtions, the blended fuel must meet all other Category 4 requirements and fuelling pump labelling is
recommended. Higher (C > 2) alcohols are limited to 0.1 % maximum by volume. Methanol is not permitted.

(5} Compliance with either the Unwashed Gum lim& or the Combustion Chamber Deposits limit is permitted.
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VOLATILITY CLASSES FOR HARMONISED GASOLINE SPECIFICATIONS [}

CATEGORY |

Class * A B Cc D E
Ambient Temp. Range, °C >15 Swls Sw+5 Sw-I5 <15
Vapour Pressure, kPa 45 .60 5.7 65 -80 5.9 85. 105
Ti0,°C max Ll n 65 7] 55
150,°C 77-110 77-110 77-110 77-110 77-110
90.°C 130- 150 130-190 130- 190 130- 190 130 - 190
EP°C max 215 215 215 215 215
£70.% 15 -45 15 -45 25-45 25 .47 25-47
£100,% 0 -60 50 -5 50 - 65 55-70 §5.70
EI80, % min & & 85 8 85

*  Where 'Class’ is based on the minimum expected ambient temperatures of the market. Class will vary by season.

CATEGORY 2, 3 and 4

Class * A B [ D E
Ambient Termp. Range, °C >15 Sto !5 Sw+5 Sw -5 <5
Vapour Pressure, kPa 45 .60 5.0 65 - 80 75-90 85-105
T10,°C max & &0 55 50 45
T50.°C 77 - 100 77 - 100 77100 77100 77 - 100
T90,°C 130-175 130175 130-175. 130- 175 130175
EP°C max 195 195 195 195 195
E70.% 20-45 2-45 25 .45 25 .47 25.47
E100,% 5 -6 50-¢ 50 -65 5-70 55-70
E180, % min %0 0 0 0 90

Dl max 570 565 560 585 550

* Where ‘Class’ is based on the minimum expected ambient temperatures of the market. Class will vary by season.

Note:
D.. (Distitation Index) = (1.5 *T10) + (3 *T50) + T90 + (1| * mass % of oxygen); Temperatures in degrees Celaus.

Oxygenate correction does not apply to ethers. Limited data on LEV/ULEV vehidles suggest that a similar oxygenate correction may be
needed for ethers.The need lor and the magnitude of the correction will be determined as more data become available.

Preliminary data indicate that there may be a need for further volatility conurols beyond what is currently spedified.

VAPOURI/LIQUID RATIO (VIL),T V/L=20

CATEGORY [,2,3 and 4

Class Test Temperaturs, °C, min. Applicable Temperature, °C
1 60 243
2 $6 <43
3 St <36
4 47 <29
) 41 <21l
6 38 <14

Vapour lock dass is determined based on the 90th percentile maximum (applicable) daily cemperature. The minimum test temper-
ature of the gasoline for V/L=20 is provided for each vapour lock class. Additional informadon is provided in ASTM D 4814,
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3 typical drivers for consumer purchases
of aftermarket maintenance additives
- Preventive maintenance

- Problem solvers
- Performance enhancers
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: "f ” The central lmk in your aftermarket program.*

e Four trends impacting aftermarket

opportunities

- gasoline detergency

- emission testing

- aging automotive fleet
- sport utility vehicles

Product Positioning
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New Injector
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Dirty Valve Clean Valve
No Additive w/ Additive
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Combustion Chamber Deposit Areas

Cylinder Head
Deposits

Squish Area

Chrysler 2.2L PFI Keep Clean Test

“Street gasoline” - Regular fuel with LAC additive
Base line case exceeds 5% fouling in less than 2000 miles

16 1

% Plugging

0 1000 2000 3000 4000
Test Miles @

m:mwmmmhmwmn—-mwmm
Results will vary vary depending on base fusl qualily and test operational conditions.
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Chrysler 2.2L PFI Keep Clean Test
“Base Line” Top Treated with HITEC®6431 Additive @ 30 PTB
Well below passing limit even after 5,000 miles
16 -
14 -

[
N
L

10 A
8 - U.S. EPA Limit

4 -
0 T L T T —T

0 1000 2000 3000 4000 5000
Test Miles

Note:The keep clean result above is specific ta this base fuel and this test.
Results will vary depending on basa fuet quality and test operational conditions.

% Plugging

: .’ The central lmk in your aftermarket program""’l-

Ra pld (One tank) IVD Clean-up
5K Mile Dirty-Up on Commercial RUL (LAC) - “Street gasoline”
300 Miie Clean-Up on Same fue!l with 250 PTB HITEC®6431 Additive
Rapid clean-up benefit across different sensitive vehicles

1000
56% C/U

8001 .
37% C/U 73% CIU

600

400+

200

Average Intake Valva Deposits, mg

3.3L Intrepid 4.0L Explorer

4.0L Jeep

EStnel gasoline W With H-&ﬂj
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Rapid (One tank) CCD Clean-up
5K Mile Dirty-Up on Commercial RUL (LAC) - "Street gasoline”
300 Mile Clean-Up on Same fuei with 500 PTB HITEC®6403 Additive
Rapid clean-up benefit across different sensitive vehicles

0.4
19% C/U

28% C/U
26% C/U

AverageCCD Thickness, mm

4.0L Jeep 3.3L intrepid 2.0L Neon

[0 Street gasoline ® With H-6403]

Solutions for Today’s and
Tomorrow’s Trends

e Cost-Effective Technology
e Marketing Communications
e Technical Service

e Supply Chain




Ethyl DIG Research

» Engine designed by equipment manufacturer for

evaluating fuel injectors
« Real time injector performance with respect to

fuel flow
» Optimized speed and load test enabling results in

6 hours
» Rapid screening of fuels and additives - up to 3

per day
» Correlates with production DIG engines

Injector Dose Response
DIG Engine - 4 Injector Average

9

]
2 !
s 7
2 .
i 5 °2 o %
B . []

5 . hd

4 —— T T —

] 25 50 75 100 125
Dose (PTB)
([Eryi)
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TABLE 1 IVD Dynamometer Test Operating Parameters and

Specifications *

Parameter * Specification
Stage 1 2
Time Stage Length, min 4 8
Engine Engine speed, r/min 2000 £25 2800+ 15
Loading Engine load, kW <5 record
Engine Oil | Inlet temperature, °C 101 +3,-5 101 £3
Outlet temperature, °C record
Inlet pressure, kPa gage record
Engine Outlet temperature, °C 903
Cooling Inlet temperature, °C record
Delta pressure, kPa gage <41
Flowrate, L/min record 644+1.9
Intake Air | Inlet temperature, °C 324£3
Inlet pressure, kPa gage 0.05+0.01
Inlet humidity, g’kg 11.4+0.7
Engine Manifold absolute pressure, kPa 306 +1.3 71.8+ 1.3
Breathing | Exhaust back pressure, kPa abs 102+ 1 105+ 1
Engine Flow, kg/h record
Fueling Flow - total, kg record
Inlet temperature, °C 28 =5
Exhaust Equivalence ratio 1.00=0.03
Emissions or
O3, volume % record 0.5+0.3
CO;y. volume % record
CO, volume % record 0704
NOy, ppm (optional) record
Other EGR, voltage record
Blowby, corrected rate, L/min record
Ignition Timing, °BTDC 30%3 25+3
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