The viscosity index (VI) 
بنابراین، هر چه شاخص ویسکوزیته یا VI یک روغن بالاتر باشد، تمایل به حفظ ویسکوزیته آن در بازه های دمایی مختلف و در اثر شوک های حرارتی بیشتر بوده و رفتار حرارتی روغن قابل پیش بینی تر است. پس می توان نتیجه گرفت که شاخص ویسکوزیته بالاتر به معنای کیفیت بهتر آن روغن است.
اما، این روش استاندارد برای اندازه گیری (یا به بیان بهتر: پیش بینی) شاخص ویسکوزیته یک روغن است. این بدان معنی است که با همین روش، می توان با دانستن ویسکوزیته دینامیک یا سینماتیک یک روغن در دو نقطه دمایی (مثلا 20 و 80 درجه سلسیوس) شاخص ویسکوزیته یک روغن را پیش بینی کرد. اما، اعداد 40 و 100 درجه سلسیوس، ایستگاه های استاندارد برای اندازه گیری شاخص ویسکوزیته هستند. روش شخصی نویسنده این پست بدین صورت است که ویسکوزیته دینامیک یک روغن در دو دمای 40 و 100 را وارد نرم افزار های محاسباتی مانند Excel یا MATLAB کرده و با اتصال این دو نقطه به یکدیگر، معادله خط را بدست می آورد. بدین ترتیب، عرض از مبدا و ضریب زاویه نمودار خطی بدست آمده نشاندهنده کیفیت رفتار حرارتی یک روغن است. هرچه عرض از مبدا این خط بیشتر و بالاتر باشد، بدان معنی است که ویسکوزیته دینامیک روغن با شتاب و شیب بیشتری در اثر شوک حرارتی کاهش می یابد. به نمودار شکل 1 نگاه کنید.
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is an arbitrary, unitless measure of the change of viscosity with temperature, mostly used to characterize the viscosity-temperature behavior of lubricating oils. The lower the VI, the more the viscosity is affected by changes in temperature. The VI was originally measured on a scale from 0 to 100; however, advancements in lubrication science have led to the development of oils with much higher VIs.
The viscosity of a lubricant is closely related to its ability to reduce friction in solid body contacts. Generally, the least viscous lubricant which still forces the two moving surfaces apart to achieve "fluid bearing" conditions is desired. If the lubricant is too viscous, it will require a large amount of energy to move (as in honey); if it is too thin, the surfaces will come in contact and friction will increase.

The flash point 
نقطهٔ اشتعال (به انگلیسی: Flash point) پایین‌ترین درجهٔ دمایی است که در آن از ماده، بخاری قابل احتراق ساطع می‌شود. اندازه‌گیری نقطهٔ اشتعال نیازمند یک منبع احتراق می‌باشد. با خارج کردن منبع احتراق از محل، بخار یادشده آتش نخواهد گرفت.نقطه ی احتراق نیز پایین‌ترین دمایی است که در ان از ماده بخاری قابل احتراق ساطع می‌شود و حداقل برای پنج ثانیه میسوزد.
نبایستی نقطهٔ اشتعال را با دمای خود احتراقی اشتباه گرفت. در دمای خود احتراقی نیازی به منبع احتراق وجود ندارد. نقطه اشتعال، دمای بالاتری است که در آن بخار پس از احتراق به سوختن ادامه می‌دهد. نه نقطهٔ اشتعال و نه نقطه احتراق، به دمای منبع احتراق که بسیار بالاتر است وابسته نمی‌باشند.
از نقطهٔ اشتعال به عنوان ویژگی توصیفی مواد سوختنی مایع استفاده شده و از آن به جهت توصیف خطرات اشتعال‌پذیری مایعات استفاده می‌کنند. نقطهٔ اشتعال هم به مایعات قابل اشتعال و هم به مایعات قابل احتراق اشاره دارد؛ و برای هرکدام استانداردهای متفاوتی تعریف شده‌است. مایعاتی با نقطهٔ اشتعال کمتر از ۵/۶۰ درجه سانتی گراد، بسته به استانداردی که اعمال می‌گردد قابل اشتعال، و مایعاتی با نقطهٔ اشتعال بالای این دما قابل احتراق تلقی می‌گردند.
of a volatile material is the lowest temperature at which vapours of the material will ignite, when given an ignition source.
The flash point may sometimes be confused with the autoignition temperature, which is the temperature at which the vapor ignites spontaneously without an ignition source. The fire point is the lowest temperature at which vapors of the material will keep burning after being ignited and the ignition source removed. The fire point is higher than the flash point, because at the flash point more vapor may not be produced rapidly enough to sustain combustion.[1] Neither flash point nor fire point depends directly on the ignition source temperature, but it may be understood that ignition source temperature will be considerably higher than either the flash or fire point.

The pour point
نقطه ریزش یک مایع پایین‌ترین دمایی است که در آن مایع تحت شرایط تعیین شده روان و جاری می گردد. نقطه ریزش نشانگر پایین‌ترین دمایی است که در آن روغن به سهولت قابل پمپ کردن باشد. به‌طور کلی نقطه ریزش بالا در نفت خام با میزان بالای پارافین موجود در آن مرتبط است؛ و نوعاً در نفت خام‌هایی که از مقادیر زیادی از مواد گیاهی مشتق می‌شوند یافت می‌شود. این نوع از نفت خام به‌طور کلی از کروژن نوع دوم مشتق می‌شوند.
در ضمن، نقطه ریزش را می‌توان کمترین دمایی نامید که در آن مایع، خصوصاً یک روان‌کننده، جاری و روان می گردد.
 of a liquid is the temperature below which the liquid loses its flow characteristics. In crude oil a high pour point is generally associated with a high paraffin content, typically found in crude deriving from a larger proportion of plant material. That type of crude oil is mainly derived from a kerogen Type III.
Manual method[edit]
ASTM D97, Standard Test Method for Pour Point of Crude Oils. The specimen is cooled inside a cooling bath to allow the formation of paraffin wax crystals. At about 9 °C above the expected pour point, and for every subsequent 3 °C, the test jar is removed and tilted to check for surface movement. When the specimen does not flow when tilted, the jar is held horizontally for 5 sec. If it does not flow, 3 °C is added to the corresponding temperature and the result is the pour point temperature.
It is also useful to note that failure to flow at the pour point may also be due to the effect of viscosity or the previous thermal history of the specimen. Therefore, the pour point may give a misleading view of the handling properties of the oil. Additional fluidity tests may also be undertaken. An approximate range of pour point can be observed from the specimen's upper and lower pour point.
Automatic method[edit]
ASTM D5949, Standard Test Method for Pour Point of Petroleum Products (Automatic Pressure Pulsing Method) is an alternative to the manual test procedure. It uses automatic apparatus and yields pour point results in a format similar to the manual method (ASTM D97) when reporting at a 3 °C.[1]
The D5949 test method determines the pour point in a shorter period of time than manual method D97. Less operator time is required to run the test using this automatic method. Additionally, no external chiller bath or refrigeration unit is needed. D5949 is capable of determining pour point within a temperature range of −57 °C to +51 °C. Results can be reported at 1 °C or 3 °C testing intervals. This test method has better repeatability and reproducibility than manual method D97.
Under ASTM D5949, the test sample is heated and then cooled by a Peltier device at a rate of 1.5±0.1 °C/min. At either 1 °C or 3 °C intervals, a pressurized pulse of compressed gas is imparted onto the surface of the sample. Multiple optical detectors continuously monitor the sample for movement. The lowest temperature at which movement is detected on the sample surface is determined to be the pour point.
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2.2.2.2 Steel grade

Mairy etal. [25] have shown that the lubrication is different with cach steel grade and that,
atleastin case of slab casting, the flux practice must be adapted to the different steel grades. It was
shown by them that steels with 0.13% carbon produce lower friction signals than those with 0.40%
carbon. This has been attributed to the peritectic transformation in low-carbon steels giving rise to
maximum contraction and non-uniform shell growth. It is debatable, however, if the shrinkage of
low-carbon steels would necessarily be higher than high-carbon grades. While there is an "extra”
contraction in low carbon grades arising from the o y phase transformation, the heat transfer for
these grades is known to be low. Without carrying out appropriate calculations, it is difficult to say
which factor dominates.

Singh and Blazek [26] plotted mould friction as a function of carbon content of stecl, Figure
2.3, from their work on an experimental caster. The stationary experimental mould was lubricated
by Swift 1011 oil at 8.5 ml/min. While acknowledging a wide variation in values the authors
concluded that steel with a high carbon content (more than 0.4%) tended to have lower mould

friction which they attributed to the higher carbon in steels acting as a lubricant. The low friction
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riction which they attributed to the higher carbon in steels acting as a lubricant. The low friction
value for the 0.1 % carbon steel (compared to lower carbon grades) was thought to be related to

he amount of rippling on the surface of the billet.
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Since Singh and Blazek have not discussed how friction measurements were carried out and

in light of their "experimental mould”, it is difficult to comment on how much of their results apply
to an industrial caster. In any case a recent work at Hoogovens, Holland [27], where an operating
‘mould was instrumented by accelerometers, has shown that higher friction values were obtained
while casting low-carbon grade steel billets. This result contradicts that obtained by Singh and
Blazek. The higher friction values for low-carbon grades have been explained [27) on the basis of

larger contact area of the billet with the mould arising out of a smaller shrinkage for these grades.
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2.6.3 Billet Rhomboidity and Internal Cracks.
Two of the most common mould-related quality problems encountered in billet casting are
rhomboidity and longitudinal corner cracks as shown in Figures 2.13 and 2.14. Detailed rescarch
by Samarasekera, Brimacombe and co-workers [18] has established that surface cracks and shape

defects are related. Indirect evidence of this also appears in work by other researchers who have
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shown that when rhomboidity is reduced through corrective measures for adverse mould conditions,
it also leads to a reduction in the severity of longitudinal coner cracks [50-53]. Further when the
two defects occur together, the cracks tend to appear at the obtuse-angle corners of the rhomboid
billet (49,50]. When the cracks form in the absence of rhomboidity they are usually a result of
improper corer radius (3,54] or mould distortion and wear [50,51].

By analysing heat flux data obtained from industrial trials with several mathematical models,
Samarasekera and Brimacombe [18] have shown that low mould cooling water velocities lead to
intermitient boiling asynchronously on different mould faces. The result is that the different faces
of the billet cool at unequal rates which causes nonuniform shrinkage and rhomboidity as the colder
faces contract more than hotter faces (which may even expand if the surfaces reheat). Further the
situation may be aggravated by the mould itself assuming a rhomboidal shape in response to the

asynchronous nature of intermittent boiling of the mould cooling water.
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(iii) The presence of longitudinal crack at the obtuse angle corners.

(iv) The interdendritic nature of the crack (50,55,56].

(v) Greater severity of these defects in steels containing 0.18% - 0.25% carbon [51,57)
and higher carbon (> 0.4%) grades [52,58).
(High heat transfer rate during the casting of high-carbon grade billets is likely to
cause the water (o boil while the low ductility of steels with carbon content between
0.18% and 0.25% may play an important role in the formation of cracks).

(vi) The improvement in billet quality with reduction in mould cooling water flow rates
in high-carbon grades to levels lower than that maintained for lower carbon steels
(58].

(Asthe water velocity isreduced, boiling becomes more vigorous and less intermittent,
such that cooling is more uniform around the periphery of the mould, and thomboid
conditions are less likely).

(vii) The increase in severity of rhomboidity with decrease in section size [51].

(Smaller size billets (100-130 mm square) are sometimes cast through moulds that

have wall thickness of 6-9.5 mm compared to 12.7 mm wall thickness for larger billets
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(150-180 mm square). Thinner mould walls would cause the water to boil leading to
rhomboidity in small billets).

(viii) Reduction in rhomboidity by machining horizontal serrations on the outside surface
of the mould wall in contact with the cooling water [57].
(The roughness of the outside wall promotes sustained boiling and effectively clim-
inates the boiling hysteresis that triggers thermal cycling in the mould wall and causes

intermitient boiling in the cooling channel).
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‘The mechanism proposed above may be too crude to explain the important effect of the other
variables such as corner radius, superheat and casting speed on rhomboidity and longitudinal corner
cracks. There is one common factor linking these variables viz., all affect corner shell thickness. It
is probable that a thinner corner shell (on account of increased casting speed, higher superheat and
increased corner radius) may simply be more susceptible to surface cracking in the zone of inter-
mittent boiling because they are considerably hotter, and cracks can more casily propagate to the
surface.

Off-squareness can be linked to the spray cooling as well. It has been observed by Bommaraju
et al. [59] that the obtuse angle corners of off-square billets usually had the deepest oscillation
marks, and hence reduced local heat extraction in the mould, relative to other arcas around the
periphery of the billet. Under such conditions these corners, emerging from the mould, would be
thin and hot, as is often observed in the spray chambers of continuous casting machines, Cracks
could form most easily adjacent to these corners owing to the locally weakened shell. On the other
hand, corners with shallow oscillation mark experience higher heat extraction in the mould and

would have thicker and cooler solid shell at the exit of the mould. Thus the solid shell profile of
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such a billet at the bottom of the mould may be as shown in Figure 2.16. The off-squareness at the
exit from the mould cannot exceed that of the mould itself but, once the billet reaches the spray,
the cooling of the shell again would be non-uniform due to the varying shell thickness. The dif-
ferential contraction can then cause the billet to assume a rhomboid shape.
2.6.4 Off-Corner Internal Cracks

In a study on mould behaviour and billet solidification, Bommaraju et al. [59] found that
internal cracks were observed within 15 mm from any corner at a depth of 5 mm from the surface
in many of the transverse billet sections. The authors postulated that deep oscillation marks form

in the off-corner regions and locally reduce heat extraction and shell growth. Towards the exit of
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bulging and subsequent hinging of a face or faces of the billet in the off-corner regions would take
place. This would resultin the generation of tensile strains at the solidification front in the off corner
regions leading to internal cracks as shown in Figure 2.17. Thus cracks can form and continue
‘growing inwards following the solidification front, as it advances, as long as the strain is maintained.
Based on this mechanism, off-corner cracks should appear at the sites that have the deepest oscil-
lation marks as was found by the authors.

‘Thus the achievement of uniform, shallow oscillation marks should reduce the incidence and
severity of off-corner cracks. Also measures to minimize shell bulging in the lower region of the
‘mould should decrease the cracking problem. Thus a properly tapered mould could have a beneficial
effect by reducing the mould-billet gap.

2,65 Pinholes

Donaldson [60], in his examination into the quality of billets, found that pinholes occur more

frequently on the sides of the billets than at the corners and that the pinholes have a tendency to

form in zones. Excessive lubricant has often been thought to promote the formation of pinholes

The oil pyrolyzes due to the elevated temperatures providing excess hydrogen responsible for

creating pinholes. Recently researchers have related pinholes to the oxygen content of the liquid
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steel [27]. Other researchers, like Brown [61] have shown that the presence of excess moisture in
the ladle or tundish and high tapping temperature may cause pickup of the hydrogen and nitrogen

which would also lead to pinholes.
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COMPANYB | COMPANYE | COMPANY C
Machine type Curvedmould | Curvedmould | Curved mould
Machine radius 79m (26 39m3) 79m@26)
Mould Length 8128 mm 812mm 835 mm
Heatsize 60 tome 60 tome 150 tonne
Sequence. Yes Yes Yes
Billetsize 120x120mm | 127x178mm | 140 x 140 mm.
@7x47) 5x7) (55x5.5")
Nominal casting speed 2-25 mimin | 165 mmin 1.90 mjmin
(80- 100 ipm) (6sipm) asipm)
Reoxidation protection Nyshrouding | Nyshrouding | N, shrouding
Oscillaton type: Sinusoidal Sinusoidal Sinusoidal
Stroke length 95mm©37) | 64mm(©25) | 112mm 044
Oscillaton frequency 20z 28&22Hz | 24816He
(20cpm) | (170 & 130cpm) | (144 & 96 cpm)
Negative stip time o155 01280135 | 01680195
Mould lead 21 mm 22&13mm | 53&30mm
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Canola | HEAR |Mineral § Soybean | SI-LN
Type of Ol Vegetable | Vegeuble | Mineral | Mineral | Vegetable | Vegetabe
Viscosity 160 185 200 250 160 | Na
(sUS)@38°C
Flash Point (6C) >31s | >30 | 26 s | o | o
Fire Point (C) s30 | >0 | 2% NA M3 | Na
Boiling Point (°C)
surt 205 215 170 205 180 | 205
20% 20 | 280 20 210 25 | 300
0% 3is 320 30 3is 20 | s
90% s 35 330 s 35 | 30
Fatty Acid Contents
Paimitic c16:0) 53% | 32% | 20% | s1% | 99% | 21%
Oleic (¢18:1w9) 517% | 149% | 403% | 21% | 181% | 3%
Linoleic c182w6) | 236% | 151% | 271% | 655% | 559% | 246%
Linolenic (c183w3) [ 92% | 93% | 260% | 27% | 113% | 183%
Eicosenoic o07% | 32% | 03% | 03% | 0a% | 06w
(€20:1%9)
EBrucic (@22:1wl) | 03% | 452% | 01% | 01% | 01% | 01%
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