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Foreword of the president

In 1978 Dr. Syassen of MWM Mannheim/Germany proposed the for-
mation of a CIMAC-Working Group “Future Fuels”. This proposal
was submitted by Mr. A. Schiff from the German National Com-
mittee to the Permanent Committee. It was accepted and Dr.
Syassen agreed to act as Chairman of the Group.

The objective of this Group was to consider the expected opera-

tional and technical problems of future residual fuel supplied world-

wide, and to influence and support international Standardization
work in such a way, that the results would be acceptable to engine-
operators and engine-manufacturers alike.

As a result of this work, which was originally completed in 1983, the

ideas of the CIMAC-Working Group were introduced into the draft of .

the future ISO-Standards. Mr. French

In addition to this, also in 1983 “CIMAC-Recommendations of

Requirements for Intermediate Fuels” have been published in sev-

eral technical magazines.

During the two years following publication, the table in a more or less complete form was introduced into engine

builders” specifications, but comments from different parties (shipowners, major oil companies, etc.) indicated that

in the interests of a wide-spread distribution of the CIMAC recommendations, a different, more official publication
was needed.

Consequently it was decided to revise the Recommendations with respect to new guide-lines as follows:

- CIMAC is not a standards institute, so has the possibility of filling the gap not covered by standards.

— The Recommendations should be formulated for practical use.

— The Recommendations should be revised in the light of changing situations and should give information about
latest developments with quick response to changing situations. They should not be withdrawn after final publica-
tions of ISO-Standards.

— The Recommendations should be issued as a CIMAC Working Group Publication.

The new draft has been finished in May 1985 and hopefully will have a widespread acceptance not only inthe marine

field but also in all other applications of diesel engines burning residual fuels.

I would like to thank the Working Group for this excellent work. They not only successfully coped with quite contro-

versal technical problems, but also succeeded in determining correctly the technical position of all three parties,

operators, fuel suppliers and engine-builders of the engine building industry in a most economic and co-operative
way.

C.C.J.French

Introduction du president

En 1978, le Docteur Syassen de la Société MWM Mannheim (en Allemagne) proposa la création d'un groupe de
travail CIMAC «Nouveaux Combustibles». M.A. Schiff, membre du Comité National Allemand, soumit cette proposi-
tion au Comité Permanent. Celle-ci fut approuvée et le Docteur Syassen accepta d'assurer la présidence du Groupe.
L'objectif de ce Groupe était d’étudier les problémes techniques et de fonctionnement liés a I'approvisionnement
des nouveaux combustibles résiduels dans le monde, d’influencer et de soutenir les travaux du Comité de Normali-
sation International afin de parvenir & des résultats acceptables aussi bien par les utilisateurs des moteurs que par
les constructeurs.

L'aboutissement de ces travaux, achevés en 1983, fut marqué par la reprise des idées du groupe de travail CIMAC
dans le projet des nouvelies normes I1SO.

De plus en 1983, les recommandations CIMAC concernant les exigen ces pour les combustibles intermédiaires
furent publiées dans plusieurs revues techniques.



Au cours des deux années qui suivirent cette publication, le tableau fut introduit, sous une forme plus ou moins
compléte, dans les spécifications des constructeurs de moteurs. Toutefois, des commentaires émanant de tous
cOtés (armateurs, principales compagnies pétroliéres, etc...) ont montré que, dans l'intérét d'élargir la diffusion des
recommandations du CIMAC, une publication différente, plus officielle, était indispensable.

En conséquence, il fut décidé de réviser les recommandations en regard des nouvelles directives énumérées ci-
apreés:

- le CIMAC n'est pas un Institut de Normalisation. Aussi a-t-il la possibilité de couvrir les domaines non protégés par
les Normes.

les recommandations doivent répondre a une utilisation pratique.

les recommandations doivent étre révisées en fonction des évolutions et doivent donner des informations sur les
derniers développements.

elles ne doivent pas &tre retirées aprés publication des normes 1SO définitives.

— les recommandations doivent étre présentées comme des publications d'un groupe de travail CIMAC.

Le nouveau projet a été achevé en Mai 1985 et nous espérons qu’il sera largement adopté non seulement dans le
domaine des applications marines mais encore dans toutes les autres applications des moteurs Diesel bralant des
combustibles résiduels.

Je voudrais remercier les membres du groupe de travail pour I'excellent travail fourni. lls ont, non seulement, traité
avec succés les problémes techniques largement controversés, mais sont aussi parvenus a définir correctement la
position technique de I'ensemble des trois parties concernées, les utilisateurs, les fournisseurs de combustibles et
les constructeurs de moteurs, dans un sens plus économique et plus coopératif,

C.C.J. French
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1. Historical background

The decreasing quality of residual fuels, experienced
worldwide in the past few years, and the economic
incentive to operate marine diesel engines virtually
exclusively with low grade fuels, have resulted in an
increasing demand for an internationally accepted fuel
specification.

The first action to obtain a new marine fuel standard
was taken by the British Standards institution (BSi) and
resulted in the BS-MA 100 (1982} standard. Simultane-
ously, the CIMAC working group on ‘Future Fuels’
began work on a separate recommendation for
requirements for a full range of residual fuels for diesel
engines. This recommendation was published in the
professional magazines, in January 1982.

The BSI then introduced a proposal for a new interna-
tional standard (DIS) to be approved by the Interna-
tional Organisation for Standardization (ISO). The
work of the ISO is well in progress, a draft proposal has
been established and probably in late 1985 or in 1986
the final ISO standard will be issued. The ISO specifica-
tion closely resembles the CIMAC recommendation of
1982.

The aim of the BSI specification was that all grades
would be available worldwide and thus it defines those
fuels that are currently on the market or will be in the
near future. Limits were imposed only on those para-
meters considered to be essential for modern marine
diesel engines and for proper fuel treatment on board.

CIMAC, predominantly representing engine manufac-

turers and users, have a different perspective, and

therefore introduced a number of ‘higher quality’
grades to cope with the demands of:

— Existing ships which may not be equipped with the
fuel storage and treatment systems required for
modern fuels.

— Older engine designs and smaller modern engines
for which satisfactory operation is only possible if
certain limits are respected. ‘

As ISO does not recognize international availability as

a criterion for fuel quality, the ‘higher quality” CIMAC

grades could be introduced within the ISO specifica-

tion. As a result the ISO specification closely resemb-

les the CIMAC recommendation of 1982.

2. Scope

Also the present second edition of the CIMAC recom-
mendation will resemble the draft 1ISO specification.
The difference between the two requirements lies
essentially in the nature of the two organisations. ISO,
as an official standards organisation, can only specify
characteristics for which test procedures exist. Also
the formal procedures, involving many national stan-
dards institutions, impede quick and flexible reactions
to new developments. It is the intention of CIMAC to fill
this resultant gap by issuing requirements that are, as
far as possible, similar to the 1SO specifications, but
which can be published earlier, and further by adding
some means of specifying fuel characteristics that
cannotyet be specified in the ISO tables. The latter par-
ticularly applies to catalyst fines, stability and ignition
quality.

The scope of the CIMAC recommendation covers all
residual diesel engine fuels that are of economic
importance today or probably will be in the future. Dis-
tillate fuels are excluded because the necessity for
improved specifications is not apparent.

Although the CIMAC recommendation resulted from
discussions about marine fuel specifications, there is
no reason why it cannot be applied to both land-based
and marine diesel engines. In both cases the require-
ments apply to the time and place of custody transfer.
The recommendation is intended for use by the engine
manufacturers in their manuals and thus will contri-
bute to the harmonisation of the specifications. It is,
however, issued by the central CIMAC Secretariat and
so is available for engine users, the oil industry, etc.,
and hopefully will find wide application.

The recommendation will be periodically reviewed
and revised if necessary.

3. Relation between CIMAC and ISO Residual Fuel Oil Specifications

In connection with section 2, it is the intention that no
part of the specification of a CIMAC grade will conflict
with the corresponding ISO grade. In this edition ofthe
CIMAC specification, this aim has been fulfilled with
respect to the draft standard 1SO/DIS 8217. Changes
will be considered if the final ISO standard differs from
the draft.

As a consequence, every CIMAC grade is fundamen-
tally an 1SO grade with some additional requirements.
The only exception is CIMAC K 55.

There are comparable CIMAC grades for all ISO grades

excluding RML 35, 45 and 55, which have no limit for

carbon residue.

The resulting differences are:

1. CIMAC K 35, K45 and K55 have, in contradiction to
ISO-F-RMK 35, 45 and 55, a density limit of
1010 kg/m? {15°C) {see section 7.1.)

2. In all grades aluminium is limited to 30 mg/kg (see
section 7.2.)

3. All CIMAC grades are fuels which can be expected
to produce no excessive sludge during normal fuel
treatment (see section 7.3.).



4. Sampling

Sampling of the fuels shouid be carried out in accord-
ance with the procedure given in 1ISO 3170. Additionat
suggestions about sampling are presented

in ‘CIMAC Recommendations for Heavy Fuel

Treatment'.

5. General Requirements

The fuels shall be homogenous mixtures of hydrocar-
bons derived from petroleum. This shall not preclude
the incorporation of small amounts of additives
intended to improve some aspect of performance.

The fuel shall not contain contaminants from non-pe-
troleum sources (such as inorganic acids and alkali-
nes) other than those particularly mentioned in the
specification.

6. Specific Requirements in Accordance with ISO

The properties of the fuels shall not exceed the max-
imum values nor be less than the minimum values set
out in the tables. The values shall be obtained by the
following test methods:

Density:

ISO 3675 — Crude petroleum and liquid petroleum pro-
ducts — Laboratory determination of density or relative
density. Hydrometer method. This method is to be
used at a temperature between 50 °C and 60 °C and
the hydrometer readings converted to 15°C using
table 53B referred to in 1ISO 91/1.

Kinematic viscosity:

ISO 3104 — Petroleum products — Transparent and
opaque liquids — Determination of kinematic viscosity
and calculation of dynamic viscosity.

Flash point:
ISO 2719 — Petroleum products — Determination of
flash point. Penski-Martens closed cup method.

Pour point:
ISO 3016 — Petroleum oils — Determination of pour
point.

Carbon residue:
ISO 6615 — Petroleum products — Determination of car-
bon residue — Conradson method.

Ash:
ISO 6245 — Petroleum products — Determination of ash.

Water:
ISO 3733 — Petroleum products and bituminous mate-
rials — Determination of water — Distillation method.

Sulphur:
IP 336/81.

Vanadium:
DIN 51790 part 2 (July 1978).

7. Specific Requirements in Addition to ISO

7.1 Density

ISO grades RMK35 and RMK45 are not limited in
density. CIMAC, however, recognizes the need to
remove water from fuels of densities higher than the
currently accepted limit of 991 kg/m®. Thus CIMAC K
35, 45 and 55 include a density limit of 1010 kg/m?
reflecting the current state of the art in water separa-
tion.

7.2 Catalystfines

The first and most common method to limit the
amount of catalyst fines by means of maximum 30
ppm aluminium, has been maintained and constitutes
a definite part of the specification. Measuring of the
aluminium content by means of |.P. method nr. 363/83
is recommended.

The definition of the amount of catalyst fines by means
of aluminium content is open to criticism on the
following grounds:

1. The ratio between aluminium and total catalyst

fines, though typically about 5, has been found to
vary between about 3 and 8. To cope with this prob-
lem one alternative is to calculate the catalyst con-
tent from the measured Al and Si contents, using
the relationship 1.89 Al + 2,14 Si.
Another alternative is the ASTM 4484 centrifuge
method which determines to total amount of inor-
ganic particles excluding iron oxydes. Whether or
not any of these methods correlate with engine
wear better than Al has yet to be proven.

2. The amount of wear may also relate to the particle
size distribution and to the hardness of these parti-
cles. However, these characteristics cannot readily
be controlled by a fuel specification.



Discussion on alternatives to an aluminium specifica-
tion is far from finished and will be continued by
CIMAC. Despite its shortcomings, however, expe-
rience over the last few years has demonstrated that
the introduction of a 30 ppm Al limit has led to a gene-
ral worldwide decrease in the level of abrasive parti-
cles in marine fuels and for this reason CIMAC wishes
to maintain the 30 mg/kg max. Al limit for the time
being. The figure presumes that the fuel treatment
plantisdesignedand operatedto acceptablestandards.

7.3 Cleanliness, stability and compatibility

All residual fuels contain a small amount of sediment
or sludge, which may include finely divided particles of
agglomerated asphaltenes, coke or adventitious mate-
rials. At the low sediment levels normally present in
bunker fuels, no difficulty will be experienced. If the
sediment level becomes too high, however, extreme
difficulty may be experienced in fuel handling
systems.

Sediment or sludge occurs in three different fuel pro-
perties. They are:

~ Cleanliness:
Cleanliness of a fuel is defined as the amount of se-
diment measured in a filtration test. An L.P. method
is under development for measuring the “total exi-
stent sediment’.

— Stability
Fuels are unstable when the amount of sediment or
sludge increases significantly with time, or as a re-
sult of heating in storage or during transport. The
stability of bunker fuels may be predicted by accele-
rated ageing test methods which simulate the natur-
al process.

— Compatibility
Fuels are incompatible if a mixture of two or more
fuels produces a blend which is unstable. An assess-
ment of the compatibility of fuels thus involves the
prediction of the stability of the biend.
Since compatibility is not a property of the delivered
fuel alone, it can never be part of the specification.
There are ways of predicting compatibility of two fuels
in advance by determining specific parameters of both
fuels, butit will be along time before these parameters
will be supplied with every fuel before bunkering.
A good indication of the compatibility of two fuels can
be obtained by means of any stability test, appliedto a
mixture of the fuels in the intended ratio, but samples
of both fuels are generally not available in advance.
The risk of compatibility problems should therefore be
avoided as much as possible by appropriate design of
the fuel treatment installation (see ‘CIMAC Recom-
mendations for Heavy Fuel Treatment’).
Cleanliness and stability, however, should be part of
the requirements to avoid the risk of excessive sludge
during fuel treatment as far as possible. Since siudge
generally is a combination of sediment due to insuffi-
cient cleanliness and to lack of stability, the resulting
‘total sediment after ageing’ could be the parameter to
be limited. There is, however, until now, no internatio-
nally agreed test method available and thus na'single
definition can be used in the table. Responsible fuel
suppliers, however, check the supplied fuel with their
in-house test methods such that no excessive siudge
will be produced if the supplied fuel is used in a nor-
mal, well functioning fuel treatment installation.

Only if this is the case will a fuel be considered to be in
accordance with the CIMAC requirements.

Several in-house test methods are available and may
be applied to ensure adequate fuel quality. They are:

Test type Designation Limit Particulars
Existent Mobil 0,3% viv Centrifuge method
sediment MM 1006
Existent Exxon 0,15% m/m Applies hotfiltration. Gives a reasonable indication
sediment AMS 79-007 for fuel stability due to pre-history of most fuels as
supplied in practice.
Stability Shell 0,10% m/m Applies hot filtration, but also includes an ageing
SMS 2696 step. Without that step the method determines exi-
sting sediment.
Compatibility Mobil 0,3% v/v Refers to mixing of residual and distillate fuels and
MM 1292 thus can only be used for the blending of fuels.



The spot-test according to ASTM D 2781 aiso predicts
the compatibility of blended residual and distillate
fuel. Due to the ease of using this test on board, modi-
fied spot tests are used to judge the cleanliness of resi-
dual fuels, or their stability, if an ageing test is added,
or their compatibility by checking the stability after
mixing. Experience, however, has indicated that com-
patible fuels occasionally fail to pass this test due to
deficiencies in the test procedure.

Modified spot tests for residuals are under develop-
ment.

7.4 Ignition quality

The establishment of a good test method to determine
the ignition quality of a residual fuel is perhaps a more
difficult task than to determine any other important
fuel parameter. As a result, it is not yet possible to
include any requirement regarding ignition properties
in the present recommendation.

Recently, oil company laboratories have recognized a
relation between the density of the fuel (at a given vis-
cosity) and its aromaticity, and also between the igni-
tion properties of the fuel and its aromaticity. As a con-

sequence, density and viscosity together roughly
determine ignition quality. There is, however, an
appreciable spread of the measured data with the
effect that the ignition properties of the fuel cannot
definitely be derived from density and viscosity.

The most useful lesson from experience is that fuels
with a higher than average density may cause ignition
trouble at part load operation. In practice this has only
occurred with thin fuels (for example 40 or 80 ¢St at
50 °C and density 980 or 990 kg/m?). Also, experience
has shown that with particular engine types air inlet
heating resulted in satisfactory operation with a fuel
that could not be used without this provision.

Recent investigations by several research institutes
show that a modified test derived from the early
methods according to DIN 51748 or ASTM E659-78
gives values for the auto ignition temperatures (AIT)
that also correlate with the ignition properties in en-
gines. It appears that the correlation is closer than that
with the density ~ viscosity relationship. The reliability
of the method is confirmed by an apparent correlation
with the cetane number for distillate fuels. The results
are being published in CIMAC paper D 120, Oslo 1985.

8. Precision and the Interpretation of Test Results

The majority of methods, specified in Clauses 6 and 7,
contain a statement of the precision (repeatability and
reproduceability) to be expected from each test. Atten-
tion is drawn to ISO 4259 - ‘Petroleum pro-

ducts. Determination and application of precision data
in relation to methods of test'. This procedure shail be
used in cases of dispute.

9. Principal Grades

The development of residual fuel standards for so
many grades has been criticized for understandable
reasons. To counter this criticism to some extent,
CIMAC has nominated some fuels that should prefer-
ably be specified by engine manufacturers.

They have been selected for the following reasons:

1.a. For existing ships without heating around all fuei
pipes, and operating under winter conditions, a
lower pour point than 24° or 30 °C is necessa-
ry. For those ships, the appropriate fuel grade that
would normally be bunkered can only be used if
this fuel can be supplied with a lower than stan-
dard value for the pour point (about 0°C). The
only standard grade complying with this aim is
CIMAC A 10, which may be better than requiredin
other aspects.

1.b. For the engines of small ships, or the auxiliary
engines of larger ships, CIMAC A 10 may be use-
ful, being the best possible residual fuel atalower
price than marine diesel fuel.

2. The properties of CIMAC E 25 roughly represent
the quality level with which experience has been
obtained in many ships over many years.

In ail cases where reasons exist to limit vanadium
or carbon residue levels in residual fuels, this is a
relatively safe choice.
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3. CIMAC G 35 and H 35 have a specification still
allowing their use in conventional centrifuging
systems (densities not higher than 991 kg/m°).
G 35 isthe most common fuel on the market place
but there are places, and there will be more in fu-
ture, where only H 35 is available.

4. Fuels with viscosities of max. 45 or 55 cSt at

100 °C will rarely be available with a maximum
density of 991 kg/m?3. Therefore, they will be most-
ly offered as K-grades, which have a density limit
of 1010 kg/l. They represent the fuels as produced
with the most modern conversion methods and
require a novel centrifuging system for the higher
density. Ships with these systems mostiy wiil also
have adequate heating for viscosities up to 55 cSt
at 100 °C.
The density limit will cause that the fuel will be
55 cSt only in exceptional cases, rather 45 cStand
often even 35 cSt. Therefore, the “worst” of the
principal grades actually is the group of the three
grades CIMAC K 35, K 45 and K 55. The market
share of this group is still smalil but may very well
increase in future.



Requirements (June 1986) for heavy fuels for diesel engines (as bunkered)
Principal grades

_ A 4 R \ 4 y 9 : 4 ,
Designation: CIMAC | CIMAC | CIMAC | CIMAC | CIMAC | CIMAC | CIMAC | CIMAC | CIMAC } CIMAC | CIMAC | CIMAC | CIMAC
o A10 B10 c10 D15 E25 F25 G35 H 35 K35 H45 K45 H55 K 55
Draft ISO-F- |RMA 10| RMB 10 | RMC 10| RMD 15] RME 25 | RMF 25] RMG 35| RMH 35 | RMK 35} RMH 45| RMK 45 RMH 55| —
Relatedto BS MA 100 1982 M4 3) — M5 — M6 — M7 — M8 — M9 —
Characteristic Dim. Limit c'?&g 4 3 2. 5 6 7 — 8 9 10 11 12 —
Density at156°C kg/m? max 975 991 991 991 991 1010 991 1010 991 1010
Kinematic ¢St 1) max 10 15 25 35 45 55
viscosity at 100°C
Flash point °C min 60 60 60 60 60 60
Pour point 2) °C max 0 24 30 30 30 30 30
6
Carbon ' % (m/m)| max 10 14 14 15 20 18 22 22 2
Residue (Conradson)
Ash % (m/m){ max 0.10 ) 0.10 0-10 0.15 0.15 0.20 0.20 0.20
Water % (VIV) max 0.50 0.80 1.0 1.0 1.0 1.0
Sulphur % (m/m)| max 3.5 4.0 5.0 5.0 5.0 5.0
Vanadium mg/kg max 150 300 350 200 500 300 600 600 600
Aluminium mg/kg max 30 30 30 30 30 30
Total sediment max 4) 4) 4) 4) 4) 4)
after ageing

1) Approximate equivalent viscosities (for information only):

Kinematicviscosity (cSt)at 100°C 10 15 25 35 45 55 2) Where relevant; upper value winter quality

Kinematicviscosity(cSt)at 80°C 15 25 45 75 100 130 . bottom value summer quality
Kinematicviscosity(cSt)at = 50°C 40 80 180 380 500 700 3) Carbon Residue.12 for BS grade M4

Kinematicviscosity (cSt)at  40°C 14 4) No standard test method agreed. Fuel shall not cause excessive sludge

Sec. Redwood | at 100°F 80 300 600 1500 3500 5000 7000 during normal fuel treatmant, see 7.3 for in-house test methods.



