BAEISEr BB A B AL 2
(mmﬁ%iém&wﬁwﬁﬁmmﬁﬁﬁ@)

HOE A

B Mg
HE AR
R4 8 H

FRASHER © F B G o 3)
B Ex /£ OB B
WA i k@
B R 2B
WHE3A5BEZ34108
9 45 H 88



AR

=) %o ARTC ok 45 47504 € > B8 HR B -
=) % o EXXON-MOBIL % 82 78 o 4% 48 & 2% -
Z)F o ok SPC G a8 o

S JE e E

B #A H, 25 T AP %
90.3.5 S (E L) > # Aodg &
3.6 HMrhodg ~ F i LR M bk SPC b 8] 0 F AR E ek
3.7 F & % o EXXON-MOBIL 7 4 8275 3 # b5 & 3%
3.8%3.9 T v ARTC JR b 3T o3t & 4042 3
3. 10 Mok > &i( &) B AL

MRS E
— )R ¥ hadk SPC 5 i 4 )

A B AN NI R AR L R B AL I R R K
VAR E TR BRI & R bR P B~ M3k % MWiE 2 B 0 ok FIEF etk o
—UEAF P AR R T — FAL SPC Bib A 31 FEw 0 i BB A bk
AR A3 B 48 453 Fo f] AT B A0 IT B ASEAE T o A% 3) £% 0 kel
AR Sl QIR F A 2T 48 0 4% & 3b SRC 40 74 3§ SHELL & 3 B BP F=F
M E) o RS FRI 0 £ 10:30:30 e BRI R T A EE A 9T &
AU RBFABP QBT EL A FHE BENMEREERS
A EroLENE - HRNNFEE TR A BPH Y 8 BEAKME  BRES]
EARAABREE - BALF ZAEB MR W T EFIBMESR % E T
LA ERRBNGELE NS E RWHENE BAER TLH%
VLEPEAE Reliance T ¥ @ Bl id b fy - Wik o F48 LR 5% B b 1
SEBREN RSB HREAEE SIEHE08E 2058 AT LA
WA A KA AR B RN ) 5 5 8% § vo o4 44 58 B A ® 48 Bunker 01 -
WG HTH - B AR HHEANSS A SN T BF D Ek T
TSN oG o SPCi NS Ao B h it ¥ O3 3 BAF 2 5 4y & 4k
A BTEBRBNNSEARITH b S B4 L Aok B i)
N ERiE a4 o

—1--



=) % o EXKON-MOBIL #5482 78 i 4247 9 3%

A & E BRGNS EAME 0 B0 3 AT A R a4
AL (EXXON #4 ) » #0758 (MOBIL #84 ) % 4447 » EXHIM AN B LR
B LA B A o

IDE: 23V

FEAHHAREARARA  BHAMR G E RS FITRBARE D B
boE ik PAELAE 0 B AT A B & S00PPM ~ Ao 30PPM ~ UM 7 W 35
150PPM ~ B A& LOOPPM ~ R E 200PPM £ 5 M 2 25 FNEHA T £H
J0PPM(2006) » Ao 15PPM(END2002) ~ @M ) 77 25 (RU)YS0PPM(2005)
B A& 30 £ 50PPM(2005) % « 5 oA P R4 6182 E M mRd 0 2B
95VOLY ~ Ao dH AVOL% ~ &# 18V0L% ~ B A& & ~ 3 B 23VOL%% - & &b
Nl L RE RS R L BRI ENGmARELE
RS AT BRI REEEAT SR ZIR AR A AR T
% 0 E R B - DXXON-MOBIL Br 48 3 oot st & /48 = (848 Bl L dlg it &
;g— o
CIYSCANFINING © T #4250k #2412 10PPM - 7 RON {2 % 440048 % o
CEIELER -

(DOCTGAIN : T4 B b A &% % 10PPM»  RON k%38 % » A¥4
EXXON 442 » B A A 600PST > C' A% 80 £ 97% > B
¥ & LPG -

(Fa AR A T E B4 iC, 8 Con (G F 2 ACRTE » 48 H IR fdo
RAEE A0 G FIARRVPBZEE - s @NERILT
Saikig e

2V e hAd

BATAaH RS A s RO ELETEGROUP 1( 455 A
B A AR - RAak) 0 B R E R 2K GROUP I~ TTI(&4 &
Bk 8 E ML %) - MOBIL N3 B A A b A AT BEA XS
ZEAPHERT  NTHRBAEFNEEBERS L BRFELEFES
Bh o oMo S A A R R R B A D000 wE Ay T RlSAE
ko TEEE -



)55 ARTC S & L5 A% X

1 )ATEM S G #a 004 B NPRA Sd 42 izt & 8 » Mubdi & A B 4518
FROGEG RG] - T2 B AIBRFEERENE 4180
22048 - i&MRATMN - PR M ZFEEHRE  KBETFR—B
ABRGHE AR - RAGHREMEZ OB LT

(1)2REBHER - EBRiT | 25 FNREEMILAAERER

RIS AEREE 10 £ 10PPM i B 8 4 &k 2 (GREEN
PRODUCTS) » sk &b 8] — KB » REEF « Raho 7384 R

(2)BHBAER  RMERRE H o5

EEGMEEA  REBREN T Jl RS R RBENS - 1F
BRI WA VRS EER AW EAMEG M ES R
ABR LCO M % - s B R 23 B H T @R - Rt
b EE AR AR EEAMERLERA -

(3 ik g ko fT3EANE VI E - ERBFHHHE ~ Eos BT )

do JGC R U 25 M b B BB A A > AT 8 4 &I R E S A
WoiE —F 2 25 LA B KRCLP #3547 02 8 R KAO s 2 81 &1 3] -
VAL B R A A N 8) AR T A -

2 F WX

ERAHHEHRALNBHRECOEN S L PN ERYIBIET - A2
SEENFEEBELRE BT EBRAGAMAELNS FESEE
SRERWAN) AR RE LIRS RAERNEYRE T
Fo ko BRI ITIRE -

(1)# %48 A" ACASE STUDY :Detection of the coking temperature
of crude oil by thermal analysis for use as an
operating guide in the vaccum unit ; %o

BREECEFE > wRANIEB N AHTHER] L4 ¥
HELHBXREERE R EREEIA - F A4 ARTC 8
AL RBORABEABTIRECEFELS - FARMPES
o KETHRZ AR Y QBRBHAS L -



(2 bk AR R R R B E ki Bt e Ay Ao 8T Bk A4 AT 3
0 BAERE BRTHILAREAL TR HEstREERAR
WEEFH - LA ARPAERFCHEEER - BTaRs
NEAMERAARERE > M ARAMERMEGELTRVER
Py R AU 0 AR T e bl B AR E RS

T~ R PLEE R
— )3 Aol SPC i 2 8] - BB sASNE B e AT A4 0 R SR A h ST B AR

ip

M E A SN BRI EHASEMGS  BTRALESFERFHS
GhAEEFE b 0 AN hodh A K iE -

ZOBXXON-MOBIL ek $52 75 o 33 98F 48 54

& ¥ b BHIRARMRIE 0 AT R E AR AR A T AL AR LER R
1744 R

Z)an i ARTC ~ gi@k £ FRTC & NPRA M ity &3 B 4avf > h— e F kb
T ek B R E R EREE SR AT ALNIEEER
ANBEBE DERESZMAMEN HAEELIED -



A case study : Detection of the Coking Temperature
of Crude Oil by Thermal Analysis
for use as an Operating Guide in the
Vacuum unit
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Abstract

By thermal analysis method including TG - DTA and DSC, the coking
temperature data of the crude oil (AH ~ KC -~ IL - OM ~ DJ - Nkossa) » reduced
crude and vacuum residue can be easily detected. It shows three kinds of
thermal behavior such as no weight loss, temperature rising and exothermic
reaction occur at the same temperature range 370°Cto 390°C. The above
phenomena are similar to the coking reaction and being considered as the
coking temperature of the erude oil.

A corresponding test is further perforined to trace the composition
change for 1 to 3 ring aromatics. It shows that at the coking temperature the
content of 1-2 ring aromatics decreases and 3 ring aromatics increases. The
mechanism is similar to aromatic condensation reaction.

The above results are well used to improve the yield of VGO and control
the penetration point of vacuum residue for asphalt purpose in vacuum unit.

Keyword @ Crude Oil, Coking Temperature, Thermal Analysis, Exothermic
reaction



1 Introduction

The motivation of this research is come from the suggestion of the
plant site Taoyuan Refinery ( TOR ) . It has two topping unit ( 100,000
B/D x 2) to treat high sulfur (2.0wt'% ) and low sulfur crude
( 1.0w1%-) respectively. The bottom cut of the high sulfur crude or
reduced crude is further treated by a vacuum unit (36,000 B/D) to
reCOVER much more distillate. and the residuum directly as asphalt
uses. The LVGO, HVGO, SWO and 85~100 penetration asphalt
( AC-10) are its main products as Fig.1. Due to the market demand
new high grade asphalt ( AC-20 ) ,so there is a team needed to [ind out
the following data:
1) What is the coking or carbonization temperature of the selected
crude oil and its heavy components and how to measure it?
2) What is the mechanism of the coking formation and how to
avoid it?

Basically, the coking or carbonization behavior of Hydrocarbon
belongs to the polymerization of reactive components in the crude ol
or reduced crude. Ilydrocarbon polymerization is a new bond
formation which will show certain characteristics during reaction such
as no volatile weight loss and exothermic relatively. But oppositively
for the cracking phenomena is belong to the bond cleavage and will
show weight loss with its cracked volatile part and endothemic cffects.
Distillation is mainly by heat as separating agent. Therefore by the
same function of thermal analysis including TG, DTG, DTG, DSC
and corresponding bench test might be combined together to make
that study.
This report is to show its results and further applications for the
related unit as a reference.

2.Experimental
(1) Materials

® Six whole crude oil slates include two high sulfur i.e. AH,
KC (2wt%' S ), two medium sulfur i.e. IL, OM ( 1.0~2.0wt%
S) and two low sufur Djeno, Nkossa (1.0wt% S ) . Their
principal characteristics are given in Table 1.

@ Two high sulfur-reduced crude and its vacuum unit products,
such as LVGO, HVGO and asphalt are taken to make further
study.

(2) Methods

® Thermal analysis

Simultaneous TG-DTG-DTA-DSC  measurements  were
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conducted in a TGA 2950TA instrument and high temperature
DSC-404 NETZSCH analyses interfaced with data acquisition
and processing system. Samples Size of crude and its
derivatives are taken about of 7~14mg. Pyrolysis experiments
were carried out under 99.995% pure nitrogen at a flow of
100cc/min with heating rate of 10°C per minute over the
temperature range 25~700°C.
® Bench scale test

An autoclave of Parr 4842 model with 350c.c. capacity was
served as a pyrolyzer for the reduce crude. The reaction
temperature kept at 330~350°C  and under lkg/cm® N,
pressurc.

The composition of reduced crude and its derivatives were

analyzed by TLC-FID Tatroscan model MK-5. For the cracked
gases were analyzed by GC.

Table 1 The main physical properties of crude oil and its
reduced crude in TOR

Name | API60°F | S wt% |C.C.R. wt% | wi% at TBP400C
ATl 275 292 7.9 4] '
KC 30.5 2.55 538 50.5
iL 33.1 1.53 3.50 56
OM 342 1.01 ) 52
Djeno 28.0 029 | 405
Nkossa 491 0.025 " 672
AH-RC 148 | 3.30 224
IL-RC 153 3.17 | 25
Asphallt 1
(AC10) 5.9 0.5

3 Results and Discussion

(1) AH crude oil and its heavy parts thermal behavior
® Tig.2 shows the TG and DTG curves of AH high sulfur crude.
For the relationship of weight loss with heating temperature,
therc are two maximum weight loss rate peaks temperature ,
one al 0.2811% /°C or 225.36°C, the other at 0.2842% /°C or
427.92°C respectively. For the first one, it means by physical
vaporization of light ends such as naphtha and some distillate.
The second peak is by chemical further decomposition or

cracking of some unstable heavy ends to become volatile
light parts.

[OX]




Correspondingly, there are also two no weight loss plateau at
363.39°C and 500°C respectively. The first temperature
(363.39°C ) means the chemical reactive components in the
feed crude such as olefins polymerization or aromatics
condensation. But there are usually no olefin components in
the crude, so the condensation of aromatics 1s related. The
second temperature (500°C ) gives much higher aromatics
condensation to become solid coke.

Fig.3 shows the DSC curve of AH crude. For the endo and
exo enthalpy change with temperature variation, there are
three plateau : 371.3 (endo to exo ), 483.0 (exo to endo ) and

527.3 (endoto exo) C.It means at those temperature range,
therc arc in series occurring chemical reaction to generate
much more amount reaction heat in the system than the
regular heat needed. Basically the New bond formation will
gencrate the reaction heat or called exo thermal reaction such
as condensation, polymerization or coking. Connection the
new bond formation at 371.3°C with the no weight loss

phenomena at 363.39°C in Fig. 2 together, the two
temperatures are very closely. It might explain at that
temperature interval the reaction behavior belongs to the
aromatics condensation reaction with dehydrogenation.
Therefore the weight loss effect of hydrogen to the system
seems not very sufficient and nearly keeping constant. So
based on the above occurring bchavior, the temperature
interval could be assigned as the so-called coking temperature
or the primary coking temperature of the AH crude oil.

Following the same reaction behaviors, the second
temperature interval between maximum weight loss rate
4299°C and exo to endo temperature 483°C might be
thought as the primary cracking temperature The temperature
interval between 500°C (no weight loss ) and 527.3°C (endo

to exo ) might be thought as the secondary coking temperature
of higher aromatic rings condensation of the crude oil to
generate much more reaction heat released. Then it will
become completely coking of the feed crude.
Fig 4 shows the TG and DTG curve of AH reduced crude.
There are two maximum weight loss rate stages at 276.0°C
(0.3429%/°C ) and 435.7°C (0.3802%/°C ) respectively. The
first temperature 276 C means the vaporization of the
distillate such as gas oil cut and a litter bit higher than225.6



Cfig2. The second one at 435.7°Cis also caused by
decomposition or cracking of heavy parts to become volatile
components.

Correspondingly, there are also two no weight loss plateaus
at 372.08°C (0.2426%/°C ) and 500°C. Both temperatures
locate at same range as its original crude. The reason is the
reduced crude still retained its non-distilled heavy parts.

I'ig.5 shows the DSC curve of AH reduced crude for the endo
and exo enthalpy change with temperature, there are also
existing three plateau: 401.2 (endo to exo) , 459.1 (exo to
endo) and 511.6 (endo to cxo) C, It meams at those
temperature range some ractions occurring. The first endo to
exo temperature 401.2°Cis corresponding to the first no
weight loss temperature 372.1. The second exo to endo
temperature 459.1 °C  is the same respond to maximum
weight loss peak 435.7°C and the third endo to exo
temperature 511.6°C is responded to the second no weight

loss temperature 5007C. It proves the dehydrogenation and
further polymerization showing the same reaction mechanism
model.

Fig. 6 shows the TG and DTG of LVGO from AH reduced
crude. There is only one maximum weight loss rate at 200.69
‘C (1.058%/°C ) to respond the vaporization of some distillate
in it. When the temperature further rising to 300°C, there is
almost completely evaporated and the heavy part retained
very small. The no weight loss temperature 1s around at 320
.

Fig. 7 shows the DSC curve of LVGO. There are two
temperature range at (343.6°Cand 378.4°C ) or 362 to
change the heating behavior from endo to exo reaction for the
retained small amount heavy part. It means the LVGO coking
temperature is around at 362°C.

Fig. 8 shows the HVGO’S TG and DTG curve. There is also
only one maximum weight loss rate at 291.58°C (0.8167%)
Then after 350°C, the heavy part is only retained very small
amount. The no weight loss temperature is around at 350°C.
Fig. 9 shows the DSC curve of HVGO. There are two
temperature range 416.8~451.6"Cand 533.2°C for the endo
to exo. It means the condensation temperature is started
around at 411°C.



® Tig. 10 shows the TG and DTG curve of asphalt. The
maximum weight loss rate at 400.1°C (0.7321% ) . For the no
weight loss temperatures are at 350°C and 500°C.
® [ig. 11 shows the DSC curve of asphalt. There are two endo
to exo temperature ranges, one 320°C, the other at 502°C to
554.8°C, and one exo to endo temperature at 457.5°C. From
the coking behavior phenomena, the asphalt’s primary coking
or condensation on temperature is at 335°C, then cracking at
400~4357C, finally the secondary coking temperature at 502
C.
® Jig. 12 shows the TG and DTG of LSFO (S 0.43w(%) from
reduced crude for further hydroprocessing by RDS Unit.
There are two maximum weight loss rate peak at 259.12°C
(0.3853%/°C Jand 429.21°C(0.3210%C ). Corresponding]y,
therc are also two no weight loss plateau at 372.08°C
(0.2323%/C ) and 500°C .Comparing with its original feed
Fig. 4, all are shown the same temperature patterns. It means
the sulfur content don’t have any effects to the coking
behavior temperature variation.
® [g. 13 shows the DSC of LSFO. There are two endo to exo
temperature range at 407°C and 503°C respectively and one
exo to endo temperature at 459.1°C. To compare with its
feeding fig. 5, all temperature patterns are the same. It further
means the reduced crude keeping the same with LSFO. So it
could be used as the guide for RDS operation temperature
guide.
(2 ) Thermal behavior of Djeno and Nkossa low sulfur crude
® T[ig. 14 shows the TG and DTG crude of Djeno low sulfur
crude (0.29w1% ) . There are two maximum weight loss rate
at 256.52 C (0.3082% ) and 440.90°C (0.3688%C ) . The
first one represents the physical evaporization of light ends in
the crude such as naphtha and kerosene cuts. The second one
means the decomposition or cracking of heavy parts to
become volatile light parts. Correspondingly ,for the smaller
or no weight loss temperatures are founded at 364.29°C
(0.2040%°C ) and 500°C respectively. Comparing with Fig.
2, AH high sulfur crude (2.92wt% )TG and DTG curve, both
show the close maximum weight loss rate and no weight loss
temperature ranges. Jt means the sulfur differences giving no
effect to the coking temperatures.



® [ig. 15 shows the DSC curve of Djeno crude . For the endo to

exo changing temperatures, there are distributed at 419.2°C,
503.2°Cand 540.4°C . Those temperature ranges are almost
the same as AH crude.

vacuum unit.

® Tig 16 shows the TG and DTG curves of Nkossa low sulfur
crude (0.025wt% ). There is one maximum weight loss rate at
104.61 (0.558%/°C ) . It means the crude posses major amount
of light ends such as naphtha, kerosene and diesel cut. Under
300 Call those distillate are almost vaporized out and only
retained small heavy part below 10wt%. So there is not shown
the second maximum weight loss rate due to cracking under
higher temperature. For the no weight loss rate., there are
shown two platuo at 409.7°C and 500°C likely step change. It
means the heat generation from the polymerization of small
heavy parts not quite obviously.
® Fig. 17 shows the DSC curve of Nkossa crude . For the endo
and exo changing temperature, it was founded at 475 Cand
492.4°C . From the above data, the coking temperature of
Nkosaa crude is expected at 409~-500°C.
The related feed and products thermal characteristic of vacuum
unit in TOR are shown in Table 2.
Table 2.Thermal analysis of crude oil, reduced crude and
asphalt
Condensation temperature, °C Cracking temperature, °C
Name APL60F S wi% DTA DSC DTG DSC DTG
(EX0O)  (EXO) (Comstwt (ENDO) (maxwtloss
AH 27.9 2.85  346-383  371-383  363-380 4383 429
KC 32.5 2.66  345-377.2 370-412 375 456
IL 33.8 1.35  341-375  340-375 370 454
OM 363 0.79 391 395 390 444
TY-Crude 556 188 339-369 378405 378 456
(1L, 74vol%e
1?‘{1‘){( 153 307 372404 375-405 372 460
TORAsghall 59 462 378-410  350-405 387
(1IL)
Pieno 9g0 029 419 364 419 440



Nkossa

49.1 0.025 475 409 492

TOR-RC 153 330 401 372 401 435
(AID)

TOR-Asphalt 4 335 350 400
(AH)

(3) Bench test

This pyrolysis test is to further elucidate the composition
variation of the reduced crude with temperature. The selected
temperature ranges are at 330~350 'C followed the coking
temperature measurement from DTG and DSC. Table 3 shows
the temperature effect v.s. product aromatic type distribution of
reduced crude. The cracked gases yield is 1.2wt/% (330°C ) ,
1.3 wt% (340°C ) ,1.5 wt% (350°C ) For their composition is
mainly H, and C,,C,,C5, C,.FLS, CO2 etc., Table 4.

2 content is kept at 2~3 ,Mol.%. It shows two important
phenomenon, one is the cracking reaction very slightly, the other
is the mechanism belong to dehydrogenation. This results explain
the no weight loss information from TG,IDTG test properly.

Table3. Temperature effect vs product aromatic type
distribution of TOR’s reduce crude (under Tkg/cm2
N2 initial pressure )

Run NO. Feed TOR-330 TOR-340 TOR-350  asphalt
Reactlon time, minute 0 30 30 30
Reaction temperature, °C 330 340 350
Product yield, wt%
liquid 98.6 98.5 98.4
gas 1.2 1.3 1.4
Liquid product
composition, wit%
saturates 28.8 30.1 273 26.7 9.3
aromatics 15.6 15.1 15.7 14.5 11.3
(1&2ring)
aromatics 347 35.7 36.3 37.8 38.8
(3+ring)
polars 20.9 19.1 20.7 21.0 40.6
Total recovery, wt% 99.8 99.8 99.8



Table 4.Temperature effect vs cracked gases composition of
TOR’s reduce crude (under 1 kg/cm2 N2 initial
Pressure 30 minutes )

Run No. TOR-330 TOR-340 TOR-350

7 (17/19) (17/15) ~ (17/171)
Reaction temperature ‘C 330 340 350
Gas field wt% 1.2 1.3 1.5
Gas composition  mol%

H2 0.14 0.29 0.46
C1 0.94 1.79 3.12
C2 0.96 1.21 1.61
C2= 0.50 0.45 0.21
C3 0.31 0.93 1.19
C3= 0.21 0.34 0.46
C4 (ntiso) 0.19 0.46 0.79
Ca= 0.11 0.28 0.67
C5 (ntiso) 0.23 0.45 0.92
Co 0.20 0.29 0.30
C02 0.40 0.78 0.62
H2S 0.17 1.02 0.67
N2 93.0 87.0 34.3
Co+ 2.65 4.69 4.62

Fig. 18 shows the variation of liquid products composition at 350

“Cand under lkg/cm® N2 initial pressure. For the saturates pait,
its content is about 6.2wt% decline with time . But for the mono-
and di-ring aromatics, it drops seriously to 22%. Correspondingly
the tri ring and higher aromatic is increasing to 20wt%. It
manifests 1~2 ring aromatic decreasing by dehydrogenation to
become tri-ring aromatics by condensation, at the coking
temperature.
(4 ) Mechanisum of the coke formation

Based on the above results, the coking mechanism of reduced
crude is proposed as following:



Fig. 19 the coking mechanism of reduced crude

Condensation Polymerization
Reaction
Crude 0il ————p Asphalt ——————»Coke
370°C 520°C

Reduced Crude

1-2ring aromatics 3-ring aromatic PNA
+H> +Ho etc.

Heat of Reaction= eX0 exX0

(5) Plant Site Application
Based on the coking temperature data, the vacuum unit becomes
much more flexible to produce the two grade AC-10 and AC-20
asphalt. Their operation condition are as following Table 5.

Table 5 The Performance of Vacuwm Unit at TOR

® Asphalt Grade AC-10(85~100) AC-20(50~70)
@®fFced APl GO°F 14.8 14.7
®Tccd rate, B/D (ki/hr) 22,000(150) 18,300(120)
®Conditions :
Vacuum,mmllg
TOP 10.7 8.24
Flash Zone 24 .4 19.1
Temperature,’c
Furnace outlet 368 382
Flash zone 357.5 371.9

®Product,yield wt%

LVGO 13.3 [8.3
HVGO 39.7 39.2
SWO 2.6 5.7
Asphalt 44.9 36.8
® Asphalt quality
Penetration,25%,100g,5sec 08 50
Viscosity,60c poise 1115 1919

4.Conclusions and Suggestions

(1) Thermal analysis including TG-DTG-DTA-DSC is a simple and
fast method to detecting the coking temperature of the crude such
as AH, KC, [L,OM,DJ, Nkaossa and its heavy part and
derivatives, based on the minimum weight loss rate and endo to



exo temperature data. The primary coking temperature of the
above crude are 370-390°C .

(2) The coking mechanism is mainly from the aromatic condensation
of mono-di ring to tri-multi ring aromatic by dehydrogenation
path.

(3) In order to upgrade the utilization of the crude oil heavy parts, A

suggestion is proposed to include the coking temperature data in
the crude assay from the suppliers.
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