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Pour Sealants Specification _Properties
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96. Aircraft Proximity :

A situation in which, in the opinion of a pilot
or air traffic services personnel, the distance
between aircraft as well as their relative
positions and speed have been such that
the safety of the aircraft involved may have
been compromised. An aircraft proximity is
:classified as follows

Risk Of Collision: The risk classification of an
aircraft proximity in which serious risk of
.collision has existed

Safety Not Assured: The risk classification of

an aircraft proximity in which the safety of the
.aircraft may have compromised

No risk Of Collision: The risk classification of an
aircraft proximity in which no risk of collision
has existed

Risk Not Determined. The risk classification

of an aircraft proximity in which insufficient
information was available to determine the
risk involved, or inconclusive or conflicting

.evidence precluded such determination
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94. Aircraft Operator :
A person , organization or enterprise engaged

in or offering to engage in an aircraft operation.
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(References: Annex 9, Doc 9944, Doc 9957, Doc 9973 )
95. Aircraft Operators’ Documents :
Air waybills / consignment notes, passenger
tickets and boarding passes, bank and agent
settlement plan documents, excess baggage
tickets, miscellaneous charges orders (M.C.0.),
damage and irregularity reports, baggage
and cargo labels, timetables, and weight
and balance documents, for use by aircraft

operators .
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( References: Annex 1)

98. Aircraft Security Check :

An inspection of the interior of an aircraft to
which passengers may have had access and
an inspection of the hold for the purposes
of discovering suspicious objects , weapons ,
explosives or other dangerous devices, articles
.and substances
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( References: Annex 17 )

99. Aircraft Security Search :

A thorough inspection of the interior and
exterior of the aircraft for the purpose of
discovering suspicious objects, weapons,
explosives or other dangerous devices, articles

.or substances
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97. Aircraft Required To Be Operated With a Co
— Pilot :

A type of aircraft that is required to be
operated with a co - pilot, as specified in the
.flight manual or by the air operator certificate
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103. Aircraft - Type Of :

All aircraft of the same basic design including
all modifications thereto except those
modifications which result in a change in

.handling or flight characteristics
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( References: Annex 1)

104. Aircraft/Vehicle :
May be used to describe cither a machine
or device capable of atmospheric flight, or a

vehicle on the airport surface movement area
(i.e. runways and taxiways).
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100. Aircraft Stand :

A designated area on an apron intended to be

.used for parking an aircraft
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( References: Annex 4, Annex 14 Volume |, Doc 9881 )
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101. Aircraft Station (RR S1.83) :

A mobile station in the aeronautical mobile
service, other than a survival craft station,

.located on board an aircraft
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( References: Annex 10 Volume Il )

: 102. Aircraft Type Groupings or Aircraft Type

Group:

Aircraft are considered to belong to the same
group if they are desighed and assembled
by one manufacturer and are of nominally
identical design and build with respect to all
details which could influence the accuracy of

.height-keeping performance
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( Doc 4444, Doc 9432
107. Air-Ground Control Radio Station :
An aeronautical telecommunication station
having primary responsibility for handling
communications pertaining to the operation

and control of aircraft in a given area.
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108. Air-Initiated Comm-B (AICB) Protocol:
A procedure initiated by a Mode S aircraft
installation for delivering a Comm-B message

to the ground.
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( References: Doc 9688 )

105. Air Defence Identification Zone:

Special designated airspace of defined
dimensions within which aircraft are required
to comply with special identification and/
or reporting procedures additional to those
related to the provision of air traffic services

(ATS).
DSl (6,554 3 ol Sl 56 (se st
L &S 5l ,805b5 (Ko 4 (aleul SwalS)
@xuu6uu~dxeﬁ 4;4, a&&j}dl,\;
yqlfo)lga)n\_.da.bab ob/dddul—;l{&_’jp
45 ‘54;1,&,, PYI Y W W (e u_..ubstf,
S som 635 Soan i o S 4 sl
-2l
: Go2dl gl daasdl dihil
ol Ol e b e 80w slsf 93 S92 Jlxo
laslse e PN OBl 51/ 5 dols iy =5 dadlsy 35
D32l 8ol Slous eadit) daasl] OBl dLs)

( References: Annex4 Annex 15)

China’s Air Defense
Identification Zone

106. Air-Ground Communication :

Two-way communication between aircraft and
stations or locations on the surface of

the earth.




111. AIRMET Information :

Information issued by a meteorological watch
office concerning the occurrence or expected
occurrence of specified en-route weather
phenomena which may affect the safety of
low - level aircraft operations and which was
not already included in the forecast issued
for low level flights in the Flight Information

Region ( FIR ) concerned or sub — area thereof.
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112. Air Navigation Services:
Thistermincludes air trafficmanagement (ATM),
communications, navigation and surveillance
systems (CNS), meteorological services for air
navigation (MET), search and rescue (SAR) and
aeronautical information services / aeronautical
information management (AIS/AIM). These

services are provided to air traffic during all
phases of operations (approach, aerodrome

and en route).
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109. Airline :

As provided in Article 96 of the Convention, any
air transport enterprise offering or operating a

scheduled international air service.
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110. Airmanship :

The consistent use of good judgement and well
- developed knowledge, skills and attitudes to

accomplish flight objectives .
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115. Air Operator Certificate (AOC) :
A certificate authorizing an operator to

carry out specified commercial air transport

operations .
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References: Annex 6 Part | and Part Ill, Doc
8335, Doc 9734 Part A and Part B, Doc 9760,

Doc 9868, Doc 1002

Air Operator Certificate
(AOC)

and Operating Licence

We invite you to use our services!

116. Airport Authority :
The entity responsible for the operational

management of the airport.
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117. Airport Phase of Operations:
Any or all phases of aircraft operations
involving approach , landing , take-off and /

ordeparture.
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113. Air Navigation Services Provider (ANSP) :
Any entity providing ATM and / or other air

navigation services mentioned above.
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( References: Doc 9161 )
114. Air Operator:

The air operator is a person, organization or
enterprise engaged in or offering to engage in

an aircraft operation.
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120. Air Safety Charge:

A levy applied to passengers that is designed

specifically to contribute towards the recovery
of RSOO costs for providing safety oversight

services.
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121. Airshed:
Mass of air that behaves in a coherent way
with respect to the dispersion of emissions.
For the purpose of dispersion studies

performed with numerical models, it can
therefore be considered as a single analysis

and management unit.
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118. AIRPROX :
The code word used in an air traffic incident

report to designate aircraft proximity.
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119. Air — Report :

A report from an aircraft in flight prepared in
conformity with requirements for position, and
operational and / or meteorological reporting.
Note.— Details of the AIREP form are given in

the PANS-ATM (Doc 4444).
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124 Airspace :
Class A:
Restricted airspace where all operations must
be conducted under IFR or SVFR. All aircraft
are subject to ATC clearance. All flights are
separated from each other by ATC.
Class B:
Airspace where operations may be conducted
under IFR or SVFR or VFR. All aircraft are subject
to ATC clearance. All flights are separated from
each other by ATC.
ClassC:
Airspace where operations may be conducted
under IFR or SVFR or VFR. Entering Class C
airspace only requires radio contact with the
controlling air traffic authority, though an ATC
clearance will ultimately be required.
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122. Airship :

A power-driven lighter-than-air aircraft.
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( References: Annex 1, Annex 7))

123. Airside :
The movement area of an airport, adjacent
terrain and buildings or portions thereof,

access to which is controlled.
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126. Airspace Management :

The process by which airspace options are
selected and applied to meet the needs of the

ATM community .
PGl a5 (83 e s 4
O 4yl 033y Sl 1503 oy Josy 4 Saon S
161 Olsan d 5 &5 S5 )l Sl ulS 4
36 G i g (335 )& e ) S
Sl (3 sam (83 po sy ) e o LY
.ATM
: G52l cLadll 8yl)
$92dl eladll dolsdl Ol Ll wass WS e o0 ddes
Suls] Sldas (o dysudl Slgadl  Ololo dudd) gy
 dygad) 4S50l

( References: Doc 9882 )
127. Air-Taxiing :

Movement of a helicopter / VTOL above the
surface of an aerodrome, normally in ground
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125. Airspace Concept :

An airspace concept describes the intended
operations within an airspace. Airspace
concepts are developed to satisfy explicit
strategic objectives such as improved safety,
increased air traffic capacity and mitigation of
environmental impact. Airspace concepts can
include details of the practical organization of
the airspace and its users based on particular
CNS / ATM assumptions, e.g. ATS route
structure, separation minima, route spacing

and obstacle clearance.
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129. Air-to-Ground Communication :

One-way communication from aircraft to
stations or locations on the surface of the

earth.
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130. Air Traffic :
All aircraft in flight or operating on the

manoeuvring area of an aerodrome.
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( References : Annex 2, Annex 11, Doc 4444,
Doc 9432, Doc 9734 Part A and Part B )

effect and at a ground speed normally less
than 37 km/h (20 kt).

Note.— The actual height may vary, and some
helicopters may require air - taxiing above 8 m
(25 ft) AGL to reduce ground effect turbulence

or provide clearance for cargo slingloads.
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128. Air Temperature :
The temperature indicated by a thermometer
exposed to the air in a place sheltered from

direct solar radiation (degree Celsius, °C).
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compressive strength as a function of
sintering time

In Table 4 mechanical properties of the
samples produced in the present study has

been compared to the results published :
: study are as follows:

: o Density measurements
: technique)
(44 GPa) and highest yield strength (894 :
: is 800 °C. Almost full density (over 99%) was
: achieved at 800 °C.

i » The microstructures of Ti74Nb26 alloys
: sintered at 1200 °C for different times
: consist of small amount of a and very little

already. The sample hot pressed at 800
°C for 1h and sintered at 1200 °C for 4h
exhibited the lowest Young’s modulus

MPa). It is clear from the table that, similar
compositions (highlighted with bold style in
the table) produced with casting methods
resulted in elastic modulus values of 45-95
GPa. Yield strength values (250-722 MPa) on

the other hand were quite low compared to :
the results of the present study. Hardness :
. increasing sintering time according to XRD
: and SEM investigations.

values were also in the range of (188-323
HV) comparable to our result of 332 HV. As a

result, it can be concluded that hot pressing :
following high temperature sintering is :
: Therefore, sintering temperature should be

a quite efficient method to produce bulk

Ti-Nb alloys with superior mechanical :
properties. The mechanical properties of :
Ti-Nb alloys produced by other powder :
metallurgy techniques, although in different :
compositions, are also shown in the table :
. including elastic modulus (44 GPa), yield

to give an idea.

Table 4. Comparison of mechanical :
properties with the ones existing in the :
literature
Elastic Yield Hardn Fabrication
Composition Modulus strength (]-;:'] %] method and Reference
(GPa) (MPa) condition
F
09:57 | m2e2 | s3e15 | VAM, | Cumece
HT Cooled -
Ti-35Nb (wt. %) oe 1000| Water et al, 2010
752+157 343:1 188 £ 4 () Quenche
24h d
Ti-10Nb (wt. %) 85290 EREE ...
Ti-16Nb (wt. %) 784256 589520 | ... MM, 1500 °C, 4h
Ti-22Nb (wt.%) | 709:72 649:31 | . Fhao ctad
Ti-10NDb (wt. %) | 90.1=6.1 612436 | ... MM, 1500 °C, 4h 2013
Ti-16Nb (wt. %) 82250 66114 | ... >3
Ti2Nb (wt %) | 75676 | 6sm3d | . LI
Ti-24Nb (at. %) 50 250 CCIM +HT e 950°C,
20h * cw 95.@ Eimay et
reduction il oom
Ti-26Nb (at. %) 45 D ....... thickness .
+ST @900 °C, 1h
T5:26Nb (at. 9 i i 2 HP@800°C,1h+5@| Present
EARDE ) S 1200 °C, 4h study
VAM: Vacuum Induction Melting, HT: Homogenization Treatment, MIM: Metal Injection
Molding, HIP: Hot Isostatic Pressing CCIM: Cold Crucible Induction Melting or Cold Crucible
Levitation Melting, CW: Cold work, ST: Solutionizing Treatment

3. CONCLUSIONS

: In this study, binary Ti74Nb26 alloys were
: produced combining, for the first time, hot
: pressing with high temperature sintering.

General conclusions obtained from the
(Archimedes’
showed that optimum hot
pressing temperature of Ti-Nb alloys for 1h

undissolved pure Nb in addition to the main
phase B and amount of B increases with

e Even 4 h of sintering at 1200 °C was
not sufficient to obtain single B phase.

higher than 1200 °C to get only B phase free
from a and pure Nb.

e Mechanical properties enhanced by
increasing sintering time. 4h of sintering
exhibited the highest mechanical properties

strength (894 MPa), compression strength

: (1178 MPa) and microhardness (332 HV).
: Ductility (18-21%) on the other hand
: was almost the same for all the sintering
. temperatures.

: ® Samples produced combining hot pressing
: and high temperature sintering were found
: to be suitable
. properties
: applications although they have higher
. elastic modulus (40-44 GPa) compared to

in terms of mechanical

for  bone replacement

: that of bone (Ebone < 30 GPa).

: REFERENCES

: Andrade, D.P., Vasconcellos, L.M.R., Carvalho, I.C.S.,
: Forte, L.F.B.P.,, Santos, E.L.S., Prado, R.F, Santos, D.R.,
: Cairo, C.A.A., Carvalho, Y.R., 2015, “Titanium-35Niobium
: Alloy as a Potential Material for Biomedical Implants: In
: vitro Study”, Materials Science and Engineering C, Vol.
: 56, pp. 538-544.

: Bonisch M., Calin, M., Humbeeck, J.V., Skrotzki, W.,
: Eckert, J., 2015, “Factors Influencing the Elastic Moduli,
: Reversible Strains and Hysteresis Loops in Martensitic Ti-
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sintered sample at the same temperature.
Increase in sintering time increased the

amount of B phase which is harder than a :
phase (Lee et al., 2002) and consequently, :

hardness value also increased.

Table 2. Vickers micro hardness tests results :

Sintering | 1 2 3 4
 time (h)
xea;n 3088 +| 315 +| 3308 +| 332+
araness
1 | 208 | 22 | 31
(HV)

Figure 7 presents the stress-strain curves :
of sintered samples at 1200 °C for different :

times. Mechanical

from these curves are summarized in Table :
3. Young’s modulus of the samples sintered :

for 1, 2, 3 and 4h were 40, 41, 41.4 and

44 GPa, respectively as shown in Table 3. :
The lowest vyield strength was measured :
to be 789 MPa for 1h sintered sample and :
increased with increasing sintering time :
up to 894 MPa for the sample sintered for :
4h. Compressive strength values were also :
increased from 1020 (1h) to a maximum :
of 1178 MPa (4h). Fracture strains as a:
measure of ductility were very similar for :

. increase after 2h. In addition to higher

all the sintering times and changing i.n amount of B phase (Figure 5 and Figure 6),
the range of 18-21%. The value of elastic : Jonger sintering times promote additional

modulus (44 GPa), yield strength (894 MPa) :
and compression strength (1178 MPa) :
were the highest mechanical properties all :

obtained for 4 hours of sintering.

1400

1200

e

g8 8
\

Stress (MPa)
g

=

ol

0,00

1h
—~-2n

—— 4h

N
8
——

0,05 0,10 0.15 0,20 025
Strain

Figure 7. Stress-strain curves of sintered
samples at 1200 °C for different times

properties obtained :

: Table 3. Mechanical properties of Ti74Nb26
- alloys sintered at 1200 °C for variable times

Sintering | Elastic Yield Compression | Fracture

time Modulus | strength strength strain

(h) (GPa) (MPa) (MPa) (%)
1 40.1 789 1020 19.4
2 41 803 1038 18.1
3 414 856 1118 21.3
4 H 894 1178 19.9

: The relations between mechanical

: properties and sintering time are plotted
:in Figure 8. Elastic modulus increases as
: the sintering time gets longer since the
: extended sintering times provides better
initial powders.
: However, in the present study increase of

: bonding between the

: Young’s modulus was only 4 GPa with the
increment of sintering time from 1h to
: 4h. This is due to low elastic modulus of
: B phase. a has a higher elastic modulus
: and longer sintering times decreased the
: a phase amount. As a result, the increase
. in elasticity modulus was limited just too a
: few GPas. Yield and compressive strengths
: enhanced especially after 2h of sintering.
This can be understood comparing the
: slope of the linear curves between 1 and
: 2h, and after 2h up to 4h. As it can be seen
: from Figure 8b the slope of the both curves

: particle-to-particle bonding. Therefore,
: yield and compression strength of the
: samples increase with increasing sintering

time.

i ;

(" L * ks

Sintering time (h) Sintering time (h)
PR (b

: Figure 8. (a) Elastic modulus, (b) yield and
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Intensity (counts)

25000

20000

revealed that Nb contents of the a (Figure
5e) and B phase (Figure 5f) were 4.3 £ 0.5
(at. %) and 26.1 £ 3 (at. %), respectively.

(c)

6000 {

Intensity (counts)

B8

2 3 4 5 6 7 8 ¥ 0 1 2 3 4 5 6 7 8 9

Energy (keV)

(e)

Energy (keV)

mode in SEM, B is the main phase and a little

undissolved pure Nb in white color was also :
observed. EDS point analysis given in Figure :
6e proves that all the white regions in BSE :
images correspond to pure Nb. Although :
: highest hardness value of 332 HV. The

amount of

pure Nb decreased with increasing sintering :

(d)

(f) :
Figure 5. SEM images of Ti74Nb26 alloy :
sintered for (a) 1h, (b) 2h, (c) 3h and (d) 4h :
at 1200 °C and EDS point analysis results of :
(e) a phase and (f) B phase both shown in :
(d) BSE mode was used in order to ensure :
whether undissolved pure Nb existed or not :
in the microstructure of the samples since :
it was quite difficult to differentiate in SE :
mode. BSE micrographs of bulk Ti74Nb26 :
alloys are given in Figure 6. The micrographs : Figure 6. BSE micrographs of bulk Ti74Nb26
are similar and the microstructure consists : sintered at 1200 °C for (a) 1h, (b) 2h, (c) 3h
of the same phases. The amount of a phase :
is very small as detected by XRD and SE :

: The micro hardness values presented a clear

‘time its complete elimination was not

possible by sintering at 1200 °C even for

: the longest sintering time of 4h used in the
: present study.

Intensity (counts)

3 4 & & 7 &8
Energy (keV)

(e)

and (d) 4h. (e) EDS point analysis result of
white region shown in (b).

relation with sintering duration. Longer
sintering times resulted in higher hardness
as observed in Table 2. As expected, 4h of
sintering at 1200 °C exhibited the

lowest hardness measured was 309 HV of 1h

67 (opasled ¥¥Y ol panessin L
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the compression plates and also to prevent :
or minimize barreling during uniaxial :
compression testing. :
2. RESULTS and DISCUSSION

Theoretical density of Ti74Nb26 alloy is
calculatedas5.578g/cm3.Measureddensity
and calculated porosity of the samples in
hot pressed and sintered conditions are :
shown in Table 1. The density of the sample :
hot pressed at 600 °C was only 4.52 g/
cm3 and its porosity was close to 17%. 50
°C increment in hot pressing temperature
decreased the porosity to 12.5% so that
hot pressing temperature was increased
to 800 °C providing almost full density. Hot :
pressing at 800 °C resulted in a porosity of :
only 0.85%. This little amount of porosity :
would be eliminated during following high :
temperature sintering. Consequently, hot :
pressing temperature was optimized to be :
800 °C and all the samples were pressed at :
that temperature prior to sintering. Actually, :
this was the idea behind combining hot :
pressing with high temperature sintering. :
Previous studies (Santos et al., 2005) :
present in the literature showed that, :
conventional cold pressing and sintering :
could not eliminate all the porosity. On :
the other hand, only hot pressing is not :
sufficient for complete dissolution of Nb in :
Ti and accordingly getting B phase desired :
due to its limited temperature. As expected :
sintering carried out for different times :
eliminated the porosity remained from hot :
pressing and full density was achieved for :
all the sintering durations of 1 to 4 h.
Table 1. Density and porosity of the samples :
produced in different conditions

Specimen Density (g/cm?) Porosity (%)
600 °C 1h (HP) 452 16.89
650°C1h (HP) 4.88 12.53
800°C1lh (HP) 5.53 0.85
1200 °C 1h 5.58 0
(HP+S)

1200 °C 2h 5.59 0
(HP+S)

1200 °C 3h 5.59 0
(HP+S)

1200 °C 4h 5.60 0
(HP+S)

: were
: obtained from XRD. EDS point analysis

XRD patterns of the sintered samples
revealed that B phase formed as a result of

: Nb dissolution in Ti as it can be seen from
: Figure 4 4. In addition to main phase 8 (BCC)
: little amount of a phase (HCP) were

: also detected in the microstructure. Longer
: sintering times increased the intensity of 8

peaks while those of a phases decreased.
Even 4 h of sintering at 1200 °C was not

: enough to eliminate all the a phase and to
: get single B phase. Nevertheless, amount
: of a phase was very low which can be seen
: comparing main peak intensities of two

20 (degree)

Figure 4. XRD patterns of specimens hot
pressed at 800 °C for 1h and then sintered
at 1200 °C for different times

: The morphological characteristics of the

sintered samples at 1200 °C for different
times after hot pressing at 800 °C for 1h
were examined with the SEM and the
microstructures are presented in Figure
5. SEM micrographs revealed that with
increasing sintering time from 1h to 4h

: amount of a phase decreased and the

amount of B phase increased. The results
in good agreement with those
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kept constant for all the specimens. After :
: cut. For XRD studies surface of the samples

sintering, the samples were furnace cooled

and removed from the furnace at 200 °C. :
Heating, sintering and cooling curves are :
: operation. For micro hardness and SEM

given in Figure 3. Temperature-time curve

of hot pressing has also been added into :
that figure for comparison. Initial linear :
: which grinding (2401200 grinding papers),
where the heating rates were kept constant :
: finally etching was applied, respectively.
: Kroll’s reagent (3 ml HF + 6 ml HNO3 + 100
: ml H20) was used to etch the samples for
: about 15 seconds.

: XRD analysis were carried out using
‘a PANalytical
- diffractometer
: (\=1.540598 A) at 45 kV, 40 mA within a
: range of diffraction angles 26 from 20°
i to 90° at a scan speed of 2 degree/min.
: Microscopic investigation was performed
i by a Zeiss Sigma 300 SEM equipped with

region in the curves represents heating step

as 10 and 8 °C/min for hot pressing and
sintering, respectively. Horizontal second
region corresponds to hot pressing or
sintering time and finally the third region
shows the cooling step where the slopes of
the curves at different points are variable,
not constant. This means that cooling
rate is not constant during cooling; it is
maximum just after sintering completed
(at the beginning of the cooling stage) and
decreases with time.

compression tests were used as they were

were grinded with 320 SiC papers to remove
contamination residues left after cutting

investigations specimens were subjected
to full metallographic preparation steps in

polishing (diamond suspension, 3 um) and

Empyrean model
with  CuKa

X-ray
radiation

Temperature (°C)

1400 - : an energy dispersive spectroscopy (EDS)
: detector. Both secondary electron (SE) and
: backscattered electron (BSE) modes were
: applied to identify the different phases in
: the microstructure. Compositional analysis
: was done employing EDS point analysis
: technique.

: Vickers hardness was measured on the

1200 4

1000 1

800 4

600 4

400 1

200 4

o 200 400 600 800
Time (min.)

Figure 3. Temperature-time curves of hot

pressing (HP) for 1h and following sintering

(HP+S) processes for different times.
Density and the porosity of the samples in

measured using Archimedes’
employing an electronic precision balance
(X Precisa 321) equipped with a density

determination kit by using the water :

: the maximum stresses achieved and as a
and :
mechanical characterization were cut in the :
dimensions of 5x5x10 mm using electrical :
(EDM), : to render them parallel. Graphite was used

Charmilles Robofil 290 and 310. Samples in :

replacement (suspension) method.
The samples for microstructural

discharge  machine systems

: polished specimens using a digital micro
: hardness tester
: load of 100 g force (981 mN) and 20
: second dwell time. Uniaxial compression
. tests at ambient temperature (25 £ 5 °C)
: were conducted using a universal Raagen
! tension-compression testing device. Elastic
: modules were determined by applying
hot pressed and sintered conditions were :
principle :
. yield strengths of the sintered samples
: were determined using the 0.2%offset

(HVD-1000AP) with a

least squares curve fitting to the linear
portion of the stress-strain diagram while

method. Compression strengths were
measure of ductility fracture strains were
used. Both surfaces of the compression

test specimens were mechanically ground

to reduce friction between the samples and
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Intensity (a.u.)

conver5|on technique.

Figure 1. SEM micrographs of pure (a) Ti
and (b) Nb powders.

Figure 2 presents the X-Ray Diffraction (XRD)
results of starting raw powders. The phases

free from any type of contamination.
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powders and (b) Nb powders

and 10 mm in height).

i that hot pressed samples would attain
: full density (zero porosity) in order to get
: the predetermined height or thickness of
™ : 10 mm. Powders were weighted using an
& : electronic balance and mixed manually
& : with the help of a binder, ethylene, for 15
& : minutes to obtain a homogeneous mixture.
# : Afterwards, the mixture was charged into
s a hollow cylindrical graphite die with inner
: diameter of 15 mm.
§ The graphite die tool filled with Ti and Nb
: powder mixture was put into the pressing
: chamber. Then the door of hot pressing
: chamber was closed and the chamber
: was vacuumed. Following vacuuming the
: chamber was filled with pure argon gas.
: This procedure was repeated 3 times and
: all the residual air was swept away from the
: chamber. Specimens were heated to the
existing in the microstructure of Ti and Nb :
powders were pure a-Ti with a hexagonal :
close packed (HCP) crystal structure and :
pure Nb with a body centered cubic (BCC) :
structure. None of the powders contained :
oxide or carbide phases so that they were : An MSE_
: was employed to produce samples and hot
: pressing operation was carried out at 600
: °C, 650 °C and 800 °C. All the hot pressing
: experiments were done under flowingargon
: gas atmosphere to prevent oxidation of
: samples. Finally, hot pressed samples were
. left to cooling inside the chamber and taken
: from the chamber when the temperature
: decreased to 150 °C. The graphite deposited
: as a thin layer on the hot pressed sample
: surfaces were removed applying grinding
: for which a wheel rotating type machine
: (Struers Labo Pol 5) and 240 and 320 grit
Figure 2. XRD patterns of as-received (a) Ti :

hot pressing temperatures predetermined,
pressed and sintered at those temperatures
simultaneously for 1 h of constant time. The
pressure applied during heating, pressing
and cooling steps kept constant as 50 MPa.
M_HP_1300 model hot press

SiC papers were used. After grinding,

: samples were cleaned in an ultrasonic
Composition of the Ti-Nb alloy is selected :
to be Ti74Nb26 because this composition :
has the lowest elastic modulus value as :
stated before. Weights of raw powders :
were calculated considering the selected :
composition and final dimensions of the :
cylindrical samples (15 mm in diameter :
It was assumed :

cleaner for 10 minutes to remove possible
residues and left drying. Next, samples
put in an alumina (AI203) crucible were
further sintered at 1200 °C in a vertical tube
furnace (Protherm PTF 14/50/450) for 1, 2,
3 and 4 h under flowing argon gas to obtain
desired B phase providing Nb dissolution
in Ti. Sintering temperature (1200 °C) was
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some alloying elements, such as nickel
(Ni), Al and V new Ti alloys were suggested
(Niinomietal.,2012). These new metastable
B-Ti alloys, such as Ti-Nb, Ti-Ta and Ti-Zr
show considerable promise due to their
superior properties including lower elastic
moduli, higher strength, good ductility and
compositions absent of potentially cytotoxic
elements. Among them Ti-Nb based alloys
display the lowest elastic moduli and better
shape memory effect (Kim et al., 2006;
Niinomi et al., 2012; Kent et al., 2013). Pure
Nb is a completely biocompatible material
and doesn’t cause any tissue reaction.
Young’s modulus of Ti alloys can be reduced
by adding Nb acting as a B-phase stabilizing
element in Ti alloys (Wang and Zheng.,
2009; Niinomi et al., 2012; Zhao et al., 2013;
Zhao et al., 2015). Nb also increase the
resistance of Ti to oxidation and contributes

2015). These properties make Ti-Nb alloys
faithful and possible candidate biomedical
materials for replacing frequently used
commercial Ti6Al4V and TiNi alloys (Kim et
al., 2006; Wang and Zheng 2009; McMahon
et al., 2012; Kent et al., 2013; Andrade et
al., 2015; Bonisch et al., 2015; Prokoshkin
et al.,, 2016).

Ti-Nb alloys are generally produced by
castingtechniques (Hon et al., 2003; Ozaki et
al., 2004; Kim et al., 2006; Chai et al., 2008;
Chai et al., 2009; Ma et al., 2010; Cremasco
et al.,, 2013; Han et al.,, 2015; Bonisch et
al., 2015; Prokoshkin et al., 2016). Porosity,
rough microstructure, and composition

present by casting and greatly worsen

respectively, are extremely high that special
furnaces (vacuum arc melting, VAM and

: are other cost-increasing factors. Significant
: cost reductions can be achieved by using
: powder metallurgy techniques to get near
:net shapes while reducing processing
: temperature and machining time and
: material waste. Ti-Nb based alloys can be
: manufactured by powder metallurgical
: processing techniques using elemental
: powders, since they require relatively low

: temperatures (less than melting point of
: Ti) for sintering compared to higher casting
: temperatures needed for VAM or VIM.

: The objective of the present study is to
: fabricate and characterize bulk Ti74Nb26
talloy which
: material for metallic implant applications.
: The reason for choosing this composition is
: that it has the lowest elastic modulus value,
: 60 GPa, (Ozaki et al., 2004) among Ti-Nb
: binary alloys very important to prevent or
to decrease of oxygen solubility and further :
oxygen diffusion into the alloy (Han et al., :
: modulus of the implant material and that
: of bone (less than 30 GPa, Li et al., 2014)
: and may results in loosening of the implant.
: The alloy has been produced combining
: hot pressing (for full densification) and high
: temperature sintering (for Nb dissolution in
: Tiand accordingly to obtain B phase) for the
: first time since the previous studies such as
: carried out by Santos et al., 2005 reported
: that conventional or pressureless powder
. metallurgy methods could not achieve full
: density and could not get rid of the porosity
: completely even for sintering temperatures
: as high as 1600 °C.

2.MATERIALS and METHODS

segregation are the main defects normally :
: (99.5%) and pure Nb (99.8 %) powders (both
the mechanical properties. Also, melting :
points of Ti and Nb, 1668 and 2477 °C, :
: fabricate Ti-40Nb (wt. %) corresponding to
: Ti74Nb26 alloy by at. %. Scanning electron
vacuum induction melting, VIM), too much :
energy and expensive equipments such as :
vacuum are needed to produce Ti-Nb alloys
via casting methods. Expensive machining :
operations and high cost of raw materials :

is a promising candidate

minimize stress shielding effect occurring
as a result of the mismatch between elastic

In the present study, elemental pure Ti

of them smaller than 45 um and supplied
by Alfa Aesar, Germany) were used to

microscope (SEM) images given in Figure
11 show the morphological properties of
as-received powders. The shapes of Ti and
Nb powder particles were irregular since
they were produced hydride dehydride
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and Nb are quite high, their fabrication by :
casting techniques is costly. On the other :
hand, it is possible to produce these alloys :
economically at much lower temperatures :
: tam yogunlugu sagladigini gostermistir. XRD
completely in solid state using powder :
metallurgy. In the present study, Ti74Nb26 :
alloys were produced using pure Ti and :
pure Nb powders by combination of hot :
pressing and high temperature sintering for :
the first time. The influences of processing :
: Vickers sertlik testleri ile belirlenmistir.

(less than melting temperature of Ti),

temperature and time on density,

microstructure, and mechanical behavior :
were investigated. Density measurements :
showed that hot pressing at 800 °C provided :
full density. XRD and SEM investigations :
revealed that amount of B phase formed :
increased with increasing sintering time. In :
addition to main phase B, little amount of :
a phase and a very small amount of pure :
Nb were observed in the microstructure. :
properties were measured ‘:
by means of uniaxial compression and :
micro Vickers indentation tests. The results :
indicated that 4 h of sintering at 1200 °C :
exhibited the highest value of hardness :
(336 HV), elastic modulus (44 GPa), yield :

Mechanical

strength (894 MPa), and compressive :
strength (1178 MPa). :
Key Words: Titanium-Niobium alloys, :

Powder metallurgy, Hot pressing, Sintering, :
: resistance, excellent fracture toughness and
Sicak Presleme Ve Yiiksek Sicaklik Sinterleme :
Biyomedikal :

: Niinomi et al., 2012; Zhuravleva et al., 2013;

Microstructure, Mechanical properties.

Kombinasyonu ile B Tipi
Ti74Nb26 Alasiminin Uretimi

OZ: Ti-Nb alasimlari genellikle dékim :
yontemi ile Gretilirler. Saf Ti ve Nb’un erime :
olduk¢a yiiksek oldugundan :
dokim yoluyla Ti-Nb alagimlarini tGretmek :
maliyetlidir. Toz metalurjisi yontemi ile bu :
alagimlari ¢ok daha distik sicakliklarda (Ti :
erime sicakligindan daha az) ve tamamen :
katt halde ekonomik olarak Uretmek :
Ti74Nb26 : alloying Ti with several metallic elements,
alagimlari saf Tive saf Nb tozlari kullanilarak, :
: (Fe), tin (Sn), molybdenum (Mo), chromium
sinterlemesinin ilk kez birlikte uygulanmasi :
ile Gretilmistir. Uretim siirecinde uygulanan :

sicakliklari

mimkindir. Bu c¢alismada

sicak presleme ve vyuksek sicaklik

islem sicakhgr ve zamaninin yogunluk,
mikroyapi ve mekanik davranis Gzerindeki
etkileri arastinlmistir. Yogunluk olgiimleri,
800 °C’de yapilan sicak presleme isleminin

ve SEM incelemeleri, sinterleme slresinin
artmasiyla birlikte B fazi olusumunun
arthgini ortaya koymustur. Ana faz B’ya
ilaveten, mikroyapida az miktarda a fazi ve
¢ok az miktarda saf Nb gozlenmistir. Mekanik
ozellikler tek eksenli basma ve mikro

Mekanik test sonuglari, 1200 °C’de 4 saatlik
sinterlemenin en ylksek sertlik (336 HV),
elastik modl (44 GPa), akma mukavemeti
(894 MPa) ve basma mukavemeti (1178
MPa) degerlerini sagladigini géstermistir.
Anahtar Kelimeler: Titanyum-Niyobyum
alasimlari, Toz metalurjisi, Sicak presleme,
Sinterleme, Mikroyapi, Mekanik ozellikler
1. INTRODUCTION

Stainless steels, cobalt based alloys and Ti
alloys are the most widely used metallic
biomaterials. Among them Ti alloys show
the highest biocompatibility, specific
strength and corrosion resistance. The
use of Ti alloys is not limited only to the
biomaterials industry they are also used

. in aerospace applications since they have

numerous favorable mechanical properties,
such as good fatigue strength, high wear

high strength to weight ratio compared to
other materials or alloys (Elias et al., 2006;

Cremasco et al., 2013; Sharma et al., 2016).
Inadequate wear resistance, high oxidation
at elevated temperatures, low hardness
and low yield strength of pure Ti reduce
the lifetime of parts and limit fields of
its application (Shymanski et al., 2015).
Varying physical, chemical and mechanical
properties for Ti alloys can be achieved by

such as aluminum (Al), vanadium (V), iron

(Cr), zirconium (Zr), tantalum (Ta) and Nb.
In order to solve the toxicity problems of
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: Hardness:336 HV

. Elastic modulus(44 GPa)

: Yield strength 894 MPa

§ s Compressive strength 1178 MPa
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: Titanium (Ti)-Niobium (Nb) alloys are
: generally produced by casting methods.

Since the melting temperatures of pure Ti
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of olefins, higher ratios of aromatics, and :
i 1. Petroleum Refining ,Forth Edition, James H.Gary

: Glenn E.Handwrk, Marcel

14.The main use of naphthain the petroleum York Basel,2001.

industry is in gasoline production. Light 2. Production of Gasolie from Naphtha by Catalytic

naphtha is normally blended with reformed :

gasoline (from catalytic reforming units) oftah Requirments for The Degree of B.Sc.(Honors)in

- : i i Chemical Engineering ,Prepared by: Duaa Muhamed
to increase its volatility and to reduce the i Azza Omer ,Malaz Mustafa ,Supervisor:D. Abd.

Alshakour Aud Alkareem ,September 2012.
: 3. A Biographical Memoir of Vladimir Haensel

for extracting C6-C8 aromatics used for written by Stanley Gembiki, published by the

i National Academy of Sciences in . 2006.

i 4. Platforming described on UOP’s website Archived

16. Naphtha is also a major feedstock to December 30, 2006, at the Wayback Machine.

steam cracking units for the production of : 5. Canadian regulations on benzene in gasoline

Archived 2004-10-12 at the Wayback Machine.
i 6. United Kingdom regulations on benzene in

; igasoline Archived November 23, 2006, at the
e A catalyst is a substance that can be added | Wayback Machine.

to a reaction to increase the reaction rate : 7. USA regulations on benzene in gasoline .

i 8. “Barrow Island crude oil assay” (PDF). Archived

e Catalysts typically speed up a reaction by from the original (PDF) on 2008-03-09. Retrieved

; a3 . i 2006-12-16.
reducing the activation energy or changing

Catalytic Retforming of Light Naphtha

branched paraffins.

aromatic content of the product gasoline.
15. Reformates are the main source

petrochemicals.

olefins.
e Conclusion

without getting consumed in the process.

the reaction mechanism.

e Enzymes are proteins that act as catalysts

in biochemical reactions.

e Common types of catalysts
enzymes, acid-base catalysts,
heterogeneous (or surface) catalysts.

e The main use of naphtha in the petroleum
industry is in gasoline production. Light
naphtha is normally blended with reformed
gasoline (from catalytic reforming units)
to increase its volatility and to reduce the

aromatic content of the product gasoline.

e Reformates are the main source for :
for :

extracting (C6-C8 aromatics used

petrochemicals.

e Naphtha is a generic term normally used

include :
and :

References list :

DEKKER.INC ,New

Reforming ,A Project submitted in Portial Fulfillment

in the petroleum refining industry for the .

overhead
atmospheric distillation units.

» Naphtha is also a major feedstock to steam

cracking units for the production of olefins.

liquid fraction obtained from%
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the car’s exhaust stream, increasing the rate
of reactions to form less toxic products from
pollutants in the exhaust stream such as '
carbon monoxide and unburnt fuel. '

Cross section of metal tube showing (4-3) Figure
solid tan honey-comb
.like porous material, the solid-state catalyst

The catalytic converter is also an example :
of surface catalysis, where the reactant
molecules are adsorbed onto a solid surface
before they react with the catalyst to form
the product. The rate of a surface-catalyzed :
reaction increases with the surface area :
of catalyst in contact with the reactants. :
Therefore, the solid support inside of a
catalytic converter is designed to have a:
very high surface area, hence the porous,
honeycomb-like appearance. '
Another example of heterogeneous and
surface catalysis is the process used to
make common plastics (or polymers) such
as polyethylene. These catalysts are called
Ziegler-Natta catalysts, and they are used
to make everything from plastic wrap to§
yogurt cups . Transition metal catalysts are :
embedded on asolid support before reacting
them with the starting materials (also called
monomers) in the gas or solution phase.

e Discussion

1. Catalytic reforming is a chemical:
process used to convert petroleum refinery
naphthas distilled from crude oil (typically
having low octane ratings) into high-octane

liquid products called reformates.
2. which are premium blending stocks for
high-octane gasoline.

. 3. The process converts low-octane linear
- hydrocarbons
alkanes (isoparaffins) and cyclic naphthenes
-, which are then partially dehydrogenated
to
hydrocarbons.

4. The dehydrogenation also produces
significant amounts of byproduct hydrogen
: gas.

5. A side reaction is hydro genolysis, which
produces light hydrocarbons of lower value,
§such as methane, ethane, propane and
. butanes.

6. In addition to a gasoline blending stock,

(paraffins) into branched

produce high - octane aromatic

reformate is the main source of aromatic

bulk chemicals such as benzene, toluene,
xylene and ethyl benzene.
7. Catalytic reforming is quite different from

and not to be confused with the catalytic
steam reforming process.

8. Catalytic reforming produce products such
as hydrogen, ammonia, and methanol from
natural gas, naphtha or other petroleum-
derived feeds tocks .

- 9. Naphtha is a generic term normally used
- in the petroleum refining industry for the

overhead liquid fraction obtained from
atmospheric distillation units .

10. The approximate boiling range of light
straight-run naphtha (LSR) is 35-90°C.

11. Naphtha is also obtained from other
refinery processing units such as catalytic

cracking, hydro cracking, and coking units.

12. The composition of naphtha, which
varies appreciably, depends mainly on the
- crude type and whether it is obtained from

atmospheric distillation or other processing
units.

13. Naphthas obtained from cracking
units generally contain variable amounts

75 (voyales ¥-1 il paassian Il
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transition state for the reaction. Since the :
activation energy is the difference between
the transition state energy and the reactant
energy, lowering the transition state energy ‘
also lowers the activation energy.

We aske how is the reaction rate related to

the activation energy?
Notice that the energies of the reactants

and products are the same for the catalyzed '
and uncatalyzed reaction. Therefore, the
overall energy released during the reaction.
This emphasizes a very important point: the :
kinetics of a reaction, i.e. reaction rate, is
not directly related to the thermodynamics
end superscript, one molecule of glucose,
and one molecule of fructose. The overall
: reaction can be written as:

| Sucrose + H20 - acid catalystGlucose +
H+\text{H}*+H+start text, H, end text, start
\xrightarrow { \ text { acid catalyst}} \ text

of the reaction.

Types of catalyst

Acid-base catalysis

In acid catalysis, the catalyst is usually a

superscript, plus, end superscript ion. In

base catalysis, the catalyst is usually an OH-\ :

text{OH}*-OH-start text, O, H, end text, start
superscript, minus, end superscript ion.
example of an Acid-base catalyst

An example of a reaction that can be
catalyzed by acid is the hydrolysis of

sucrose, also known as table sugar. Sucrose
is @ combination of two simpler sugars (or
monosaccharides), glucose and fructose.
With the addition of acid or an enzyme such
as sucrase, sucrose can be broken down
into glucose and fructose as shown by the
following series of reactions:

Figure(3-3) series reactions of broken sucrose and down

into glucose and fructose

75

Sucrose reversibly reacts with a hydrogen
proton, H+, to form protonated sucrose
where the oxygen that connects the glucose
and fructose molecules gets protonated.
The protonated sucrose reversibly reacts
with water to form one molecule of glucose,
one molecule of fructose, and H+.

In the first step, sucrose reversibly reacts
with H+\text HA+H+start text, H, end text,
start superscript, plus, end superscript
(in red), to form protonated sucrose. The
protonated sucrose reversibly reacts with
water (in blue) to give H+\text HA+H+start
text, H, end text, start superscript, plus,

Fructose \text{Sucrose} + \text H_2 \text O

{Glucose}+\text{Fructose}Sucrose+H20acid
catalyst

Glucose+Fructose

Since the H+\text HA+H+start text, H, end

text, start superscript, plus, end superscript

appears as both a reactant and a product in
equal amounts, it is not consumed during
the course of the reaction. Therefore, the
catalyst does not appear on the reactant or
product side of the overall reaction.

Heterogeneous and surface catalysis

Heterogeneous catalysts are catalysts that
are in a different phase than the reactants.

- For example, the catalyst might be in the
: solid phase while the reactants are in a

liquid or gas phase.
example of a heterogeneous catalyst

: One example of a heterogeneous catalyst is
the catalytic converter in gasoline or diesel-
- fueled cars. Catalytic converters contain
transition metal catalysts embedded on
§a solid phase support . The solid-phase
catalyst comes into contact with gases from
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The naphtha from the crude oil distillation
is often further distilled to produce a “light” :
naphtha containing most (but not all) of the
hydrocarbons with 6 or fewer carbon atoms :
and a “heavy” naphtha containing most
(but not all) of the hydrocarbons with more
than 6 carbon atoms. The heavy naphtha :
has an initial boiling point of about 140 to
150 °C and a final boiling point of about 190 :
to 205 °C. The naphthas derived from the :
distillation of crude oils are referred to as

“straight-run” naphthas.

It is the straight-run heavy naphtha that is fe—=s refinery naphthas include olefinic

usually processed in a catalytic reformerg hydrocarbons, such as naphthas derived

because the light naphtha has molecules : from the fluid catalytic cracking and

with 6 or fewer carbon atoms which, when | coking processes used in many refineries.

reformed, tend to crack into butane and Lt

hydrocarbons - o4 catalytically reform those naphthas.

which are not useful as high-octane gasoline | However,

Blenging feampEEEnISge OO BN i . reforming is mainly used on the straight-run

with 6 carbon atoms tend to form aromatics : heavy naphthas, such as those in the above

which is undesirable because governmental | table, derived from the distillation of crude

environmental regulations in a number of : .

countries limit the amount of aromatics Catalysts are substances that can be added

(most particularly benzene) that gasoline to a reaction to increase the reaction rate
1 without getting consumed in the process.
There are a great many petroleum crude oil :

lower molecular weight

may contain.

sources worldwide and each crude oil has
its own unique composition or “assay”. Also,
not all refineries process the same crude oils

and each refinery produces its own straight- :

run naphthas with their own unique initial
and final boiling points. In other words,
naphtha is a generic term rather than a
specific term.

The table just below lists some fairly typical

straight-run heavy naphtha feedstocks, S A catalysts.

available for catalytic reforming, derived . Other common kinds of catalysts include

from various crude oils. It can be seen that | _ .4 1o o catalysts and heterogeneous (or

they differ significantly in their content of surface) catalysts.
g ! Relation between reaction and activation
Table(3-1) Typical Heavy Naphtha Feed : energy

‘ The catalyst lowers the energy of the

paraffins, naphthenes and aromatics:

stocks

U e

Barrow  Mutineer-
. Australia ~ Australia
Location
Imtla_l bo:lmg 149 140 149
point, °C
Final boillng 204 190 204
point, °C
Paraffins, liquid 46 62 57
volume %
Naphthenes, liquid 0 ) 27
volume %
Aromatics, liquid " 6 16
volume %

Draugen
North
Sea

150
180
38
45
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refineries may also desulfurize

for the most part, catalytic

They usually work by

1. Lowering the energy of the transition
state, thus lowering the activation energy,
and/or .

2. Changing the mechanism of the reaction.
This also changes the nature (and energy) of
the transition state.

Catalysts are everywhere! Many biochemical
processes, such as the oxidation of glucose,
are heavily dependent on enzymes, proteins

7




adding hydrogen to aromatics and olefins to : 4. preventing buildup of coke on the catalyst,
produce naphthenes and alkanes. e converting sulfurand nitrogen compounds
present in the feedstock to hydrogen sulfide
TYPICAL HYDROCRACKER UNIT B} | and ammonia, and.
e i 6. achieving high cetane number fuel.

p— - Typical naphtha feed stocks

s . A petroleum refinery includes many unit
operations and unit processes. The first unit
operation in a refinery is the continuous
distillation of the petroleum crude oil being
refined. The overhead liquid distillate is

i

i

§

§ e - called naphtha and will become a major
¥ - : 7 ¥

- - . component of the refinery’s gasoline
g - (petrol) product after it is further processed
; L - through a catalytic hydro desulfurizer to

remove sulfur-containing hydrocarbons
‘and a catalytic reformer to reform its
The major products from hydrocracking are hydrocarbon molecules into more complex
jet fuel and diesel, but low sulphur naphtha molecules with a higher octane rating value.
fractions and LPG are also produced. All The naphtha is a mixture of very many
these products have a very low content of | different hydrocarbon compounds. It has an
sulfur and other contaminants. It is very initial boiling point of about 35 °C and a final
common in Europe and Asia because those boiling point of about 200 °C, and it contains
regions have high demand for diesel and paraffin, naphthene (cyclic paraffins) and
kerosene. In the US, fluid catalytic cracking aromatic  hydrocarbons ranging from
is more common because the demand for : those containing 6 carbon atoms to those
gasoline is higher. containing about 10 or 11 carbon atoms.

The hydrocracking process depends on the

‘| Raw
nature of the feedstock and the relative : | Netual

L
: Gas Methane N R ~ i
rates of the two competing reactions, [ WMethene £
: I_.Ndud@as -
hydrogenation and  cracking.  Heavy Processing $
aromatic feedstock is converted into lighter : ol 2@ ©
. T § & e b
products under a wide range of very high : : g g 3
pressures (1,000-2,000 psi) and fairly high : g
temperatures (750°-1,500 °F, 400-800 °C), E
in the presence of hydrogen and special ol g 3
catalysts. oil § E
The primary functions of hydrogen are, thus: : L H
1. preventing the formation of polycyclic§ P';fdﬂ"\ §
aromatic compounds if feedstock has a high ety
paraffinic content,
2. reducing tar formation, i | Produced by cracking any of the optional feeds
3. reducing impurities, | R R D DR
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lower temperatures, the yield of alkenes:
is diminished. Alkenes cause instability of :

hydrocarbon fuels.

Fluid catalytic cracking is a commonly used
process, and a modern oil refinery will
typically include a cat cracker, particularly§
at refineries in the US, due to the high§
demand for gasoline. The process was first :
used around 1942 and employs a powdered
catalyst. During WWII, the Allied Forces§
had plentiful supplies of the materials |n
contrast to the Axis Forces, which suffered
severe shortages of gasoline and artificial :
implementations
were based on low activity alumina catalyst
and a reactor where the catalyst particles
were suspended in a rising flow of feed
tanks, fuel ducts and injectors. The FCC LPG

rubber. Initial process

hydrocarbons in a fluidized bed.

In newer designs, cracking takes place :
using a very active zeolite-based catalyst§
in a short-contact time vertical or upward-
sloped pipe called the “riser”. Pre-heated
feed is sprayed into the base of the riser via :
feed nozzles where it contacts extremely hot
fluidized catalyst at 1,230 to 1,400 °F (666 :
to 760 °C). The hot catalyst vaporizes the
feed and catalyzes the cracking reactions :
that break down the high-molecular weight
including '

oil into lighter components
LPG, gasoline, and diesel . The catalyst-

hydrocarbon mixture flows upward through
the riser for a few seconds, and then the :

mixture is separated via cyclones. The
catalyst-free hydrocarbons are routed to a
main fractionator for separation into fuel
gas, LPG, gasoline, naphtha, light cycle oils
used in diesel and jet fuel, and heavy fuel
oil.

During the trip up the riser, the cracking :
catalystis “spent” by reactions which deposit
coke on the catalyst and greatly reduce :
activity and selectivity. The “spent” catalyst
is disengaged from the cracked hydrocarbon

79

vapors and sent to a stripper where it
contacts steam to remove hydrocarbons

: remaining in the catalyst pores. The “spent”

catalyst then flows into a fluidized-bed
regenerator where air (or in some cases air
plus oxygen) is used to burn off the coke to
restore catalyst activity and also provide the
necessary heat for the next reaction cycle,
cracking being an endothermic reaction.
The “regenerated” catalyst then flows to the
base of the riser, repeating the cycle.

The gasoline produced in the FCC unit has an
elevated octane rating but is less chemically
stable compared to other gasoline
components due to its olefinic profile.
Olefins in gasoline are responsible for the
formation of polymeric deposits in storage

is an important source of C.-C, olefins and
isobutane that are essential feeds for the
alkylation process and the production of
polymers such as polypropylene.
Hydrocracking

Hydrocracking is a catalytic cracking
process assisted by the presence of added
hydrogen gas. Unlike a hydrotreater,
hydrocracking uses hydrogen to break C-C
bonds (hydrotreatment is conducted prior
to hydrocracking to protect the catalysts
in a hydrocracking process). In the year
2010, 265 x 106 tons of petroleum was
processed with this technology. The main
feedstock is vacuum gas oil, a heavy fraction
of petroleum.

The products of this process are saturated
hydrocarbons; depending on the reaction
conditions (temperature, pressure, catalyst
activity) these products range from ethane,
LPG to heavier hydrocarbons consisting
mostly of isoparaffins. Hydrocracking
is normally facilitated by a bifunctional
catalyst that is capable of rearranging and
breaking hydrocarbon chains as well as

7




reaction is only allowed to take place very :
briefly. In modern cracking furnaces, the§
residence time is reduced to milliseconds :
to improve yield, resulting in gas velocities
up to the speed of sound. After the cracking
temperature has been reached, the gas is :
quickly guenched to stop the reaction in
a transfer line heat exchanger or inside a
. combustion of the carbond, converting the

quenching header using quench oil.

bteam

Steam
Crackers
Light Olefins
JdowCost S
»Low Carbon €02 {
} “Doubling U.S. H, Supply 24
NG “Minimal Capital Investment

is taken to design reaction conditions to
minimize its formation. Nonetheless, a
steam cracking furnace can usually only
run for a few months between de-cokings.
“Decokes” require the furnace to be isolated
from the process and then a flow of steam
or a steam/air mixture is passed through the
furnace coils. This decoking is essentially

hard solid carbon layer to carbon monoxide
and carbon dioxide.

. Fluid Catalytic cracking

The products produced in the reaction :
depend on the composition of the feed,
the hydrocarbon-to-steam ratio, and on the
cracking temperature and furnace residence
time. Light hydrocarbon feeds such as
ethane, LPGs or light naphtha give product :
streams rich in the lighter alkenes, including
ethylene, propylene, and butadiene. Heavier :

hydrocarbon (full range and heavy naphthas

as well as other refinery products) feeds give :

some of these, but also give products rich in
aromatic hydrocarbons and hydrocarbons
suitable for inclusion in gasoline or fuel oil.
Typical product streams include pyrolysis
gasoline (pygas) and BTX.

A higher cracking temperature (also referred

ethylene and benzene, whereas lower
severity produces higher amounts of
propylene, C4-hydrocarbons and liquid
products. The process also results in the

slow deposition of coke, a form of carbon, :
on the reactor walls. Since coke degrades
the efficiency of the reactor, great care§
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Figure (3-2) Schematic flow diagram of a fluid catalytic
cracker

- The catalytic cracking process involves the
to as severity) favors the production of :

presence of solid acid catalysts, usually
silica-alumina and zeolites. The catalysts
promote the formation of carbocations,
which undergo processes of rearrangement
and scission of C-C bonds. Relative to
thermal cracking, cat cracking proceeds
at milder temperatures, which saves
energy. Furthermore, by operating at
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of saturated hydrocarbons into smaller :

unsaturated hydrocarbons.

hydrocarbons into gasoline

chained, lower-boiling hydrocarbons.
Thermal cracking

Modern high-pressure thermal
operates at absolute

of polymers.
Thermal

== reactor effluent
to fractionator

cyclone vessel
flue gas

stripping steam
catalyst

regenerator
standpipe

regenerator
> standpipe
S

riser reactor
air

air heater
lower feed injection

fresh feed
dispersion steam

D 1999 Eng‘ogh Brn.mioal Inc.
Thermal cracking

&1 wo

(ca. 750 °C to 900 °C or higher) which

- produces valuable ethylene and other feed
4. Thermal Cracking: It is a process that :
involves breaking of large non - volatile§
Thermal |
cracking is a process in which hydrocarbons
present in crude oil are subject to high heat
and temperature to break the molecular :
bonds and breaking down Iong-chained,§
higher-boiling hydrocarbons into shorter—§
the earliest thermal cracking processes in
: 1912 which operated at 700-750 °F (370
cracking :
pressures  of |
about 7,000 kPa. An overall process of
disproportionation can be observed, where
“light”, hydrogen-rich products are formed
at the expense of heavier molecules which :
condense and are depleted of hydrogen. The
actual reaction is known as homolytic fission :
and produces alkenes, which are the basis
for the economically important production
catalytic cracking came into use.
cracking is currently used to
“upgrade” very heavy fractions or to produce
light fractions or distillates, burner fuel and/
or petroleum coke. Two extremes of the :
thermal cracking in terms of product range
are represented by the high-temperature§
process called “steam cracking” or pyrolysis
(or ethylene) and propene (or propylene).
: Steam cracker units are facilities in which
a feedstock such as naphtha, liquefied
petroleum gas (LPG), ethane, propane or
butane is thermally cracked through the use
of steam in a bank of pyrolysis furnaces to
- produce lighter hydrocarbons.

In steam cracking, a gaseous or liquid
hydrocarbon feed like naphtha, LPG or
%ethane is diluted with steam and briefly
* heated in a furnace without the presence of
oxygen. Typically, the reaction temperature
is very high, at around 850 °C, but the

stocks for the petrochemical industry, and
the milder-temperature delayed coking (ca.
500 °C) which can produce, under the right
conditions, valuable needle coke, a highly
crystalline petroleum coke used in the
production of electrodes for the steel and
aluminium industries.

William Merriam Burton developed one of

400 °C) and an absolute pressure of 90 psi
(620 KPa) and was known as the Burton
process. Shortly thereafter, in 1921, C.P.
Dubbs, an employee of the Universal Oil
Products Company, developed a somewhat
more advanced thermal cracking process
which operated at 750-860 °F (400-460
°C) and was known as the Dubbs process.
The Dubbs process was used extensively by
many refineries until the early 1940s when

Steam cracking

Steam cracking is a petrochemical process
in which saturated hydrocarbons are broken
down into smaller, often unsaturated,
hydrocarbons. It is the principal industrial
method for producing the lighter alkenes
(or commonly olefins), including ethene
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to low-quality gasoline stocks to improve§

their combustion characteristics.
In steam-methane reforming,

to produce hydrogen, carbon monoxide,

diluents.

that of crude petroleum in order to

industry.

Without doubt, the most

based, and clay based.

high-octane gasoline.
Catalyst problem and methods ofsolving
1. Common catalyst poisons
carbon monoxide, halides,

of the transition metal.
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There are three fundamental reasons for

: catalyst deactivation, i.e. poisoning, coking
methane |
reacts with steam under 3-25 bar pressure
(1 bar=14.5 psi) in the presence of a catalyst
cause for catalyst ageing.
and a relatively small amount of carbon !
dioxide. Steam reforming is endothermic—
that is, heat must be supplied to the process
for the reaction to proceed .any of various
volatile often flammable liquid hydrocarbon !
mixtures used chiefly as solvents and
dollars per year
is that cracking is (chemistry) the thermal
decomposition of a substance, especially :
to avoid or to minimize possible causes for
produce petrol / gasoline while reforming
is (chemistry) a catalytic process, whereby
short-chain molecules are combined to
make larger ones; used in the petrochemical :

catalytic cracking?

important
component of the modem FCC catalyst is the
zeolite. Three major synthetic techniques§
are used in the commercial preparation :
of zeolite Y for FCC. These techniques are :
sodium silicate based, precipitated-silica
of branched-chain, unsaturated, aromatic
Catalytic reforming uses a catalyst, usually
platinum, to produce a similar result. Mixed :
with hydrogen, naphtha is heated and
passed over pellets of catalyst in a series of
reactors, under high pressure, producingf
‘ used in petroleum refiners. This process
involves the conversion of high molecular
include '
cyanides, :
sulfides, sulfites, phosphates, phosphites
and organic molecules such as nitriles, :
nitro compounds, oximes, and nitrogen-
containing heterocycles. Agents vary their
catalytic properties because of the nature
. process

or fouling and ageing. Poisoning can be
reversible orirreversible, and with geometric
or electronic effect. ... Sintering is the main

2.Catalyst deactivation, the loss over time
of catalytic activity and/or selectivity, is a
problem of great and continuing concern in
the practice of industrial catalytic processes.
Costs to industry for catalyst replacement
and process shutdown total billions of

Toovercome catalystdeactivation,ingeneral,
two approaches are possible: firstly, trying

deactivation and, secondly, to accept partly
deactivation, but minimizing its effect by
both process and catalyst tuning.

What is the difference between thermal and

The main difference between thermal
crackingand catalyticcrackingisthatthermal
cracking uses heat energy for the breakdown
of compounds whereas catalytic cracking
involves a catalyst to obtain products.

Catalytic cracking yields a higher quantity

hydrocarbons as compared to thermal
cracking. Catalytic cracking is a better-
controlled process than thermal cracking.
Types of cracking

1. FCC: Fluid Catalytic Cracking: It is mainly

weight, high boiling hydrocarbons into
olefinic, gases, gasoline and other products.
2. Hydro cracking: It is a catalytic cracking
process, where it uses hydro cracking to
break C — C bonds. Products produced by
this process include diesel, jet fuel, and LPG.
3. Steam Cracking: It is a petrochemical
that involves the breakdown
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heaters as shown in the schematic diagram
and some installations use a single fired :

heater with three separate heating coils.

through the heat exchanger where the feed
to the first reactor is preheated and then
flow through a water-cooled heat exchanger
before flowing through
controller (PC) into the gas separator.

from the reforming reactions is exported

for use in the other refinery processes

unit).

is routed

the byproduct methane, ethane, propane
and butane gases

gas is routed to the refinery’s central gas

processing plant for removal and recovery :

of propane and butane. The residual gas
after such processing becomes part of the
refinery’s fuel gas system.

The bottoms product from the stabilizer :
is the high-octane liquid reformate that§
will become a component of the refinery’s :

product gasoline. Reformate can be blended

directly in the gasoline pool but often it is :
separatedintwoormorestreams. Acommon

refining scheme consists in fractionating the
reformate in two streams, light and heavy

reformate. The light reformate has lower :

Vo

octane and can be used as isomerization
feedstock if this unit is available. The heavy

greformate is high in octane and low in
The hot reaction products from the third :
reactor are partially cooled by flowing :

benzene, hence it is an excellent blending
component for the gasoline pool.

Benzene is often removed with a specific
. operation to reduce the content of benzene
- in the reformate as the finished gasoline
the pressure |
(in the UE this is 1% volume). The benzene
Most of the hydrogen-rich gas from the gas
separator vessel returns to the suction of :
the recycle hydrogen gas compressor and
the net production of hydrogen-rich gasé

has often an upper limit of benzene content

extracted can be marketed as feedstock for
the chemical industry.

Defining of catalytic reforming:

Reforming is a process designed to increase

the volume of gasoline that can be produced
fromabarrelof crude oil. ... By controlling the
that consume hydrogen (such as hydro :
desulfurization units and/or a hydrocracker

temperature and flow rate of the reformer,
refinery operators can increase the octane

- rating of the reformate, but that also has
The liquid from the gas separator vessel
into a fractionating column :
commonly called a stabilizer. The overhead
off gas product from the stabilizer contains

the effect of producing less reformate.
Some common synonyms of reform are
amend, correct, emend, rectify, redress,
remedy, and revise.

The purpose of the reformer is to upgrade
produced by the !
hydrocracking reactions as explained in the
above discussion of the reaction chemistry of
a catalytic reformer, and it may also contain
some small amount of hydrogen. That off

heavy naphtha into a high-value gasoline
blend stock by raising its octane. The primary
product of the reformer is reformate.
However, it also generates large amounts
of hydrogen that can be used in the hydro
treaters and hydrocrackers.

to put or change into an improved form or
condition.

1 :to amend or improve by change of form
or removal of faults or abuses.

2 : to put an end to (an evil) by enforcing
or introducing a better method or course of
action.

3 : to induce or cause to abandon evil ways
reform a drunkard.

Reforming , in chemistry , processing

- technique by which the molecular structure

of a hydrocarbon is rearranged to alter its
properties. The processis frequently applied
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Some catalytic reforming units have an :
extra spare or swing reactor and each§
reactor can be individually isolated so that :
any one reactor can be undergoing in situ
regeneration while the other reactors are in |
operation. When that reactoris regenerated,
it replaces another reactor which, in turn, is
isolated so that it can then be regenerated. '
Such units, referred to as cyclic catalytic
reformers, are not very common. Cyclic§
catalytic reformers serve to extend the§

period between required shutdowns.

The latest and most modern type of :

catalytic reformers are called continuous

reformers. : through a heat exchanger. The preheated

Such units are defined by continuous in- éfeed mixture is then totally vaporized and

situ regeneration of part of the catalyst in | Neated to the reaction temperature (495~

a special regenerator, and by continuous | 220 °C) before the vaporized reactants

addition of the regenerated catalyst to the | €nter the first reactor. As the vaporized

operating reactors. As of 2006, two CCR : reactants flow through the fixed bed of

versions available: UOP’s CCR Platformer . catalyst in the reactor, the major reaction

processand Axens’ Octanizing process. The is the dehydrogenation of naphthenes to

installation and use of CCR units is rapidly . aromatics (as described earlier herein)

- which is highly endothermic and results in

Many of the earliest catalytic reforming a large temperature decrease between the

i inlet and outlet of the reactor. To maintain

catalyst regeneration (CCR)

increasing.

units (in the 1950s and 1960s) were non-
regenerative in that they did not perform
in situ catalyst regeneration. Instead, when
needed, the aged catalyst was replaced
by fresh catalyst and the aged catalyst

operation are non-regenerative.

unit.
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. |Figure(3-1) Schematic diagram of a typical semi-regenerative
catalytic reformer unit in a petroleum refinery

the required reaction temperature and the
rate of reaction, the vaporized stream is
reheated in the second fired heater before
it flows through the second reactor. The

was shipped to catalyst manufacturers to : témperature again decreases across the

be either regenerated or to recover the ;second reactor and the vaporized stream

platinum content of the aged catalyst. Very | Must again be reheated in the third fired

few, if any, catalytic reformers currently in : heater before it flows through the third

- reactor. As the vaporized stream proceeds

The process flow diagram below depicts a %through the three reactors, the reaction

typical semi-regenerative catalytic reforming rates decrease and the reactors therefore

- become larger. Atthe same time, the amount

The liquid feed (at the bottom left in the éof reheat required between the reactors

diagram) is pumped up to the reaction - becomes smaller. Usually, three reactors are

pressure (5-45atm) and s joined by a stream all that is required to provide the desired

of hydrogen-rich recycle gas. The resulting - performance of the catalytic reforming unit.

liquid—gas mixture is preheated by flowing Some installations use three separate fired

vo




This route to olefins is especially important
in places such as Europe, where ethane is
not readily available as a feedstock because

most gas reservoirs produce non-associated
gas with a low ethane content.

e Methodology

History

(UOP), developed a catalytic reforming

process using a catalyst containing platinum.
subsequently :
§As the vaporized reactants flow through
. the fixed bed of catalyst in the reactor, the
low octane naphthas and the UOP process
become known as the Platforming process. :

Haensel’'s process was
commercialized by UOP in 1949 for
producing a high octane gasoline from

The first Platforming unit was built in 1949
at the refinery of the Old Dutch Refining
Company in Muskegon, Michigan.

Inthe years since then, many other versions
of the process have been developed by
some of the major oil companies and other

organizations. Today, the large majority of
gasoline produced worldwide is derived :
. producing lighter more valuable products.

from the catalytic reforming process.

To name a few of the other catalytic
reforming versions that were developed,
all of which utilized a platinum and/or a
rhenium catalyst:

e Rheni forming: Developed by Chevron Qil
Company.

e CCR Platforming: A

Products (UOP).

Company, currently known as ExxonMobil.

e Magna forming: Developed by Engelhard
catalyst is regenerated in situ during routine
e Ultra forming: Developed by Standard§
Oil of Indiana, now a part of the British
months. Such a unit is referred to as a semi-

and Atlantic Richfield Oil Company.

Petroleum Company.

e Houdri forming: Developed by the Houdry :

Platforming :
version, designed for continuous catalyst§
regeneration, developed by Universal OiI§
Process description
e Power forming: Developed by Esso Oil
- reforming unit has three reactors, each

Process Corporation.
e Octanizing: A catalytic reforming version
developed by Axens, a subsidiary of Institut

francais du petrole (IFP), designed for
continuous catalyst regeneration.

i Defining of catalytic reforming:

Catalytic reforming is one of the basic
In the 1940s, Vladimir Haensel, a research :
chemist working for Universal Oil Products
- from catalytic

petroleum refining processes for upgrading
light hydrocarbon feed stocks . Products
reforming include high-
octane gasoline useful as automobile fuel,
aromatics, and hydrogen.

major reaction is the dehydrogenation of
naphthenes to aromatics (as described
earlier herein) which is highly endothermic
and results in a large temperature decrease
between the inlet and outlet of the reactor.
Type of catalytic cracking

Catalytic cracking is an important process
in the oil industry where petroleum vapor
passes through a low-density bed of catalyst,
which causes the heavier fractions to ‘crack’

In the petrochemicals industry they are
used for producing polyolefins on a very
large scale.

Catalytic cracking uses a temperature of
approximately 550°C and a catalyst known
as a zeolite which contains aluminium oxide
and silicon oxide. Steam cracking uses a
higher temperature of over 800°C and no
catalyst.

The most commonly used type of catalytic
with a fixed bed of catalyst, and all of the

catalyst regeneration shutdowns which
occur approximately once each 6 to 24

regenerative catalytic reformer (SRR).




of naphthas produced by hydrocracking
units. In refining operations, however, it is
customary to blend one type of naphtha

can be an important processing procedure.

For example, a paraffinic-base naphtha is
a better feedstock for steam cracking units

because paraffins are cracked at relatively :

lower temperatures than cyclo paraffins.

Alternately, a naphtha rich in cyclo paraffins :

would be a better feedstock to catalytic
reforming units because cyclo paraffins
are easily dehydrogenated to aromatic
compounds. Table 1-1 is a typical analysis of
naphtha from two crude oil types.

The main use of naphtha in the petroleum :
industry is in gasoline production. Light :

naphtha is normally blended with reformed

gasoline (from catalytic reforming units) :
to increase its volatility and to reduce the :
aromatic content of the product gasoline. :
Heavy naphtha from atmospheric distillation :
units or hydrocracking units has a low :
octane rating, and it is used as a feedstock
Catalytic :
reforming is a process of upgrading low
octane naphtha to a high-octane reformate

to catalytic reforming units.

by enriching it with aromatics and branched

paraffins . The octane rating of gasoline fuels
is a property related to the spontaneous§

: ignition of unburned gases before the flame
%front and causes a high pressure. Afuel
with a low octane rating produces a strong
with another to obtain a required product
or feedstock. Selecting the naphtha type

knock, while a fuel with a high octane rating
burns smoothly without detonation. Octane

 rating is measured by an arbitrary scale in
which isooctane (2,2,4-trimethylpentane) is
given a value of 100 and nheptane a value
- of zero. A fuel’s octane number equals the

percentage of isooctane in a blend with

: n-heptane. The octane number is measured
. using a single-cylinder engine (CFR engine)

with a variable compression ratio. The

. octane number of a fuel is a function of the
different hydrocarbon constituents present.

In general, aromatics and branched paraffins

have higher octane ratings than straight-

chain paraffins and cyclo paraffins.Table

2-1 shows the octane rating of different

hydrocarbons in the gasoline range.

Table 2-1 Boiling points and octane ratings
of different hydrocarbons in the gasoline

range
Octane number clear
Boiling  Research Motor
Hydrocarbon point, °F  method F-1  method F-2|

n-Butane 0.5 ,. o
n-Pentane 97 61.7 619

i 2-Methylbutane 82 923 90.3
i [2.2-Dimethylbutane 12 918 934
¢ 2.3 Dimethylbutane 137 103.5 943
i Jn-Hexane 156 148 260
i 2-Methylpentane 146 734 735
i |3-Methylpentane 140 745 743
i In-Heptane 208 0.0 0.0
i 2-Methylhexane 194 424 46.4
i [n-Octane 258 -19.0¢ -15.0*
2.24-Trimethy! pentane (isooctane) 21 100.0 100.0

i fBenzene 176 1148
Toluene 231 120.1 103.5
i JEthylbenzene 278 1074 979
Isopropylbenzene 306
0-Xylene 92 120.0° 103.0*
m-Xylene 283 145.0 124.0*
Jp-Xylene 281 146.0% 127.0*

I’ Blending value of 200% in 60 octane mumber reference fuel.

Reformatesarethemainsourceforextracting

: C6-C8 aromatics used for petrochemicals.

Naphtha is also a major feedstock to steam
cracking units for the production of olefins.




and temperature to break the molecular

bonds and breaking down Iong—chained,§
higher-boiling hydrocarbons into shorter—§

chained, lower-
e Introduction

Catalytic reforming is a chemical process§
refinery :
naphthas distilled from crude oil (typical|y§
having low octane ratings) into high-octane
liquid products called reformates, which are
premium blending stocks for high-octane§
gasoline. The process converts low-octane
alkanes (isoparaffins) and cyclic naphthenes, | Cabalytic fgformige |
which are then partially dehydrogenated§
aromatic :
hydrocarbons. The dehydrogenation also
produces significant amounts of byproduct
hydrogen gas, which is fed into other refinery
processes such as hydrocracking. A side§

used to convert petroleum

linearhydrocarbons(paraffins)intobranched

to produce high-octane

reaction is hydrogenolysis, which produces :
light hydrocarbons of lower value, such as

methane, ethane, propane and butanes.

In addition to a gasoline blending stock,§
reformate is the main source of aromatic :
bulk chemicals such as benzene, toluene, |
xylene and ethylbenzene which have diverse
uses, most importantly as raw materialsé
for conversion into plastics. However, the
benzene content of reformate makes it :
carcinogenic, which has led to governmental
requiring further :

regulations effectively
processing to reduce its benzene content.

This process is quite different from and§
not to be confused with the catalytic
steam reforming process used industrial|y§
to produce products such as hydrogen,§
ammonia, and methanol from natural gas,
naphtha or other petroleum-derived feed
stocks. Nor is this process to be confused :
reforming '
processes that use methanol or biomass- |
derived feed stocks to produce hydrogen for

with various other catalytic

B (v

. fuel cells or other uses.
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Naphtha is a generic term normally used
in the petroleum refining industry for
the overhead liquid fraction obtained
from atmospheric distillation units. The
approximate boiling range of light straight-
run naphtha (LSR) is 35-90°C, while it is
i about 80-200°C for heavy straight-run
. naphtha (HSR).

- Naphtha is also obtained from other
refinery processing units such as catalytic
cracking, hydrocracking, and coking units.
The composition of naphtha, which varies
appreciably, depends mainly on the crude
type and whether it is obtained from
atmospheric distillation or other processing
units. Naphtha from atmospheric distillation
is characterized by an absence of olefinic
compounds. Its main constituents are
straight and branched chain paraffins, cyclo
paraffins (naphthenes), and aromatics, and
the ratios of these components are mainly a
function of the crude origin.

Naphthas obtained from cracking units
generally containvariable amounts of olefins,
higher ratios of aromatics, and branched
paraffins.Due to presence of unsaturated
compounds, they are less stable than
straight-run naphthas. On the other hand,
the absence of olefins increases the stability
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in the petroleum
the overhead

naphtha (HSR) .

Catalytic cracking is an important process
in the oil industry where petroleum vapor :

passes through a low-density bed of
catalyst, which causes the heavier fractions

- to ‘crack’ producing lighter more valuable
products. In the petrochemicals industry
. they are used for producing poly olefins on
a very large scale. Catalytic cracking uses a
temperature of approximately 550°C and a
catalyst known as a zeolite which contains
aluminium oxide and silicon oxide. Steam
- cracking uses a higher temperature of over
. 800°C and no catalyst.

§Cata|ytic reforming is one of the basic
petroleum refining processes for upgrading
light hydrocarbon feed stocks .
. from catalytic
octane gasoline useful as automobile fuel,
aromatics, and hydrogen. As the vaporized
reactants flow through the fixed bed of
catalyst in the reactor, the major reaction
‘ is the dehydrogenation of naphthenes to
aromatics (as described earlier herein)
which is highly endothermic and results in
a large temperature decrease between the
inlet and outlet of the reactor.

- So we discus the types of cracking, like:

1. FCC: Fluid Catalytic Cracking: It is mainly
used in petroleum refiners. This process
involves the conversion of high molecular
- weight,
- olefinic, gases, gasoline and other products.
2. Hydro cracking: It is a catalytic cracking
process, where it uses hydro cracking to
break C — C bonds. Products produced by
Naphtha is a generic term normally used this process include diesel, jet fuel, and LPG.
refining industry for : 3. Steam Cracking: It is a petrochemical
liquid fraction obtained :
from atmospheric distillation units. The : Of saturated hydrocarbons into smaller
approximate boiling range of light straight-
run naphtha (LSR) is 35-90°C, while it is :
about 80-200°C for heavy straight-run
¢ hydrocarbons

¢ cracking is a process in which hydrocarbons

Products

reforming include high-

high boiling hydrocarbons into

process that involves the breakdown
unsaturated hydrocarbons.

4Thermal Cracking: It is a process that
involves breaking of large non-volatile

into gasoline. Thermal

present in crude oil are subject to high heat
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