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PETROBRAS

v Petrobras heavy crude production is constantly increasing.
~ Heavy crudes reserves volume is increasing.

o
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PETROBRAS = Petrobras DCU Overview

« Petrobras is an important player in coker units design, operation and high quality
anode grade coke production.

I - Petrobras (CENPES), has designed 7 DCU and 2 are under basic design, so new
8 copacity increase is forecast from 2011 on.

+ Today, there are & operating units and 3 already under engineering or construction
phases and will be operating by 2010.

« The importance of DCU: Brazilian fuel gas demand increases while fuel oil demand
i decreases.

2l
3

Data presented in plot refer to design capacity

iSign unit. Start up in 1924

gal Aspects of Inorganic Problems

PETROBRAS

+ In 1898, the first evidence of inorganic deposits in Petrobras
coker heaters was observed in RPBC refinery.

+ Deposits appeared in some of the top tubes of the radiation
section after heater decoking.

« After 2003 deposits frequency clearly increased.

Decoking history (in months) Before 2003 After 2003

Heater Hun Length 7-8 4-8

Hydroblasting Cleaning Fraquency 18 12
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PETROBRAS - Deposits Evidences

Deposit layer

PETROBRAS Deposits Evidences
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PETROBRAS

XRD Analysis

Brganic Deposits Composition

|« Silicon Oxide (Si0,)
{ v Iron Titanate (Fe,TiO,)
& - Iron Oxide (Fe;0, and Fe,05)

4  Sodium Silicate (Na;Si,0)

Deposits Qualitative Analysis

PETROBRAS

Inorganic Deposit
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Deposits appeared in
temperalure range:
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PETROBRAS

fect on Heaters Run Length
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PETROBRAS

Searching for Causes

- [277
What were inarganlc dEpﬂSitS |

possible causes ?

}

[ Fact: high Silicon content found

}

Mo problems reported as to desalters.
Chlorides analysis were under control.

Immediate conclusion: new crudes
produced by E&P (Upstream) caused
deposits 1!
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PETROBRAS

Possible Silicon Sources

SILICON |
4 | Organic Inerganic
e
B Antifoam agent used in oilfield Colloldal silicon in water
Is the source of sllicon co-produced with petroleum

Silicon was inorganic |

PETROBRAS

The cause of inorganic deposits could be “filterable
solids” present in crude, not removed by desalters.

Would wetting agé;{fs solve the problem?

12
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PETROBRAS _ and Possible Solutions

Filterable solids” concentration was low!
: 13

PETROBRAS
Main Elements in Deposlts M % ( XRF Analysis)
Tsa | pbcuz | beuz | ocud ] Heater® | Healer A | Heater & | D2
Heater A | Heater B | (Layer 1) fllvl-rif}

Rafinary | RPEC RPEC | RPEC RPBC | RefinB | RefinB | RefinC | RPBC
Decoking | SA | SA A =a sA ' KN
Year 2001 | 2001 | 2008 | 2004 | 2001 | 2003 | 2004 | 2004

si 21 16 190 | 144 169 197 | 128 | 307

N | aa 67 | 99 77 26 0.2 16.6

Fe 8.2 5.1 72 8.8 118 | 184 35 152

Ca 57 47 44 44 4z | o4 28 58

Mg 87 | 68 39 26 49 23 1.4 6.7

cf nd. | nd | 21 28 21 16 GO o |
ik B 29 | 16 | 08 | os nd. i1 nd. 0.8

al nd. o7 nd. . 12 03 | nd nd.

v 11 0.5 06 n.d. nd. 1.5 nd. 08

& n.d. na. | nd I__ LE- 1 nd, 6.4 n.d.

 SA- Steam-Air PG - Pigging  n.d. - Not determined 14
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PETROBRAS

Wples Analysis Normalized Plot
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PETROBRAS

ples Analysis Normalized Plot
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PETROBRAS

In Natura”

Coking.com Safety Seminar &7 Calgary Sep 17-20, 2007



PETROBRAS ' ample (before steam air)

Electronic Microscope

PETROBRAS

| Crystal 9 Halite (NaCl)
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PETROBRAS i Coke Sample (before steam air)

After Calcination

800 °C

65% wt in urgamc

PETROBRAS

'fEE“Sample (before steam air)

After Calcination

65% wt inorganic

mi Quantitative Analysis
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eor tical Thesis Confirmation

PETROBRAS

Byl P 2T ) PR FAEF WFEARL B
o 3 g TEADTA : N

L Bt Tl tabeSengel 11 71

Erwnas | i ww RT3 d S| AT A0 REARE WY Melvwn  earaswr Do 0T 2

L []
il 1

[ mamy |

i # L

Dby, Wl (L)

Waigd ol

i Sodium vanishes above
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< Steam-alr decoking Is responsible for NaCl vanishing !

PETROBRAS & Searching for Causes...Again

Inorganic deposits origins still
needed to be evaluated

|

Misleading conclusion: crudes received
from E&P caused the deposits 1!

1

Since first assumption was not verified, what
really caused inorganic deposits ?

24
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PETROBRAS

=ffects on Heaters Run Length

+ Back to classroom: it is a known fact that there
i a correlation between sodium feedstock
cancentration and its effect on run length
decreasa.

25

PETROBRAS — Investigative Method

77

26
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PETROBRAS

ontents Analytical Methods

ASTM D-6470

Clag *+ Ag'y 2 AgCly
;_Y__)

(white deposit)

& Chloride Is expressed as equivalent sodium chloride in
! ma/liter NaCl.
.. B

B Method not applicable for other salts such as sulfates

F,"1
and carbonates.

27

PETROBRAS

May 04, 2006 06:00 pm: sudden increasa in haater coil skin temparature
* May 04, 2006 07:00 pm: FCC's stripped sour water injection was
discontinued
"~ May 05, 2006 07:00 am: wall temperature tends to reduce
+ This same pattern was observed ofher times
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PETROBRAS 8 Cause identification details

PETROBRAS
- e : Sodium content during test run
RS | (pprmw)
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PETROBRAS

Vacuum Residua — DCU-1

Sodium concentration in VR after
mitigating actions (ppmw)

Follow up

PETROBRAS

Coxing.com 3afety Seminar

Vacuum Residue — DCU-2
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PETROBRAS ontrol Actions Effectiveness

Stariyp | eI |ATIET
UNIT : mitigating |mitigating
A actions () |actions ()
DCU -1 1973 3 8
DCU -2 1986 4 6

" (") Periods in manths

Remarks:

< 8 to 10 months run lenaths were normal before
inorganic deposits.

+ Patrobras new designs are for higher than 10
months run lengths.

33

PETROBRAS = Lessons Learned

Old lessons should never be forgotten: a limit for sodium
concentration in the charge for Delayed Coking Units shall be
established.

1.

2. It is imporiant to be aware, understand and control all sodivm sources
in order to guarantee that the fimit will always be respecited.

Remark: Are wa sure our fired heater run fength is really
oplimized under the limit we established above 7

4. Multidisciplinary effort Is fundamental for the solufion of complex
problems in a refinery.

| 5. Criterlous merhudm'??y should be applied to analyse 8 complex
problem. Do not overflook any ppssfb:’!ﬂg, since rool cause could be
the one neglected first and sofution can be simpler than expected.

PR ik “The problem solution may not be so far that you need a
telescope nor 5o close that vou might need a microscope”,
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PETROBRAS THANK YOU

PETROBRASI/BRAZIL

e-mail: weimar@petrobras.com.br

35
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