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BEN G. JONES
Phillips Petroleum Co.

PHILLIPS Petroleum Co., in its latest
attempt to conirol particulate emis-
sions, has added a voltage controller
to an elecirical precipitator] Installed
on a cat cracker in the Avon refinery
near Martinez, Calif., the controller is
_described as very effoctive in helping
to reduce emissions.

Addition of the new mechanismn is
the latest in a long line of improve-
ments to control particulats erm:sxoqa
at this plant.

Other challenges are being met at

" the plant’s finid coker, boiler house,
and at the coker hopper.

Improvements over the years have

netted.new efficiencies on the above
unitstLatest test reports show par-
ticulafe-emission:control efficiency to
be 94.6%, at the cat cracker, 90.7%
at the coker, 89.3% at the boiler house,

Paper presented at the NPRA Annual
* Meeting 'in San Francisco.
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and 99.7% at the coker hoppéﬂ Ta-
blel.

As it happened, In 1936, a 42,000-b/d
fluid coker was built at the Avon plant.
Particulate coke- from the burner was

_largely held in the unit by use of 18

pairs of two-stage cyclones in the

- buiner.

Fines which'carried past the cy-

- clones were designed to be burned in

the CO steam generatcr. Even with the
large firebox on the CO boiler, it was
not pessible to burn 1609 of the coke
carried over from the regenerator -cy-
clones.

A 500,000-1b/hr boiler, constructed to
burn gas, fuel oil, or coke, went on
stream in 1958. When burning a solid
fuel of 059 ash content, a.yellow
plume of fly ash and some S0: was
usually present. This fly ash was
mostly unburned coke and was re-
turned to_the firebox where the coke

. content was reduced,

By 1960, generation of stack plumes

and loss of particulates to atmosphere .

became socially and politically unac-
ceptable. So contracts were let for
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ur Buell Engineering precipitators.

One of the new precipitators was
small and removed coke fines from a
carrying-air stream formerly vented
at the top of two large coke silos. Each
silo had a capacity of 6,000 tons.

While the amount of gas and fines

“handled is not largs, this unit is in-

cluded since it fills a need and does
so under conditions quite difierent
from the othgr three precinitaters.

Co boiier.El‘he second pracipitater
was added to the fluid-coker CO hoiler.
This device handles 7-15 tons/day of
fine coke of less than 250 ash at full
charge rate. Gas stream is 437,000
cfm at 476> F. at essentially atmo-
spheric pressure gith a superficial
velocity of 3.8 fps,| Fig. 1.

Flow is distributed into four parallel
passes by ductwork. But partitions are
not complete in the precipitator and no

part can be shut down separately. It is

two-stage with 16 hoppers with dimen-
ipns of 27 x 24 x 77 it
Compositicn of the gas handled. is
essentially 13.90 CO., 229% H:0, 3.8%
excess 0., and the balance is nitrogen-.]

! _ Table 1
Avon refinery precipitators
: Particulate
lazding o/ or
Unit . Rate ACF/ min @ °F. - Areasqgft  Length Veluc‘ity,fps In . Out
Cat gracker ...... ... 44300 h/d 220,000 @ 629 983 25'10" 37 590 27
Coi‘ter .............. 42,000 bbl £.1. 437,000 (2 4757 1,920 2745 38 - 4915 12
Boiler house ... .. .. 400,600 ik/hr 800+ stm. 210,02 J_’,) 3:0° 1,020 27°10" J.44 233 6.5
Coker hopper ....... 46 tons/ir - 8,1‘60 @ 232° 144 16 10 507 2.5
GAS COMPOIITION
- ———Ramaindar Y2 ——— .
Unit €02, % 00, G2, % Ha, % 7
Cat eracker .._......... ... 0 35 05 20.1
Coker i s 13.9 ) ER. 22 . ’
CBoller housa L.l 141 0 3.25 37
Comer hopper ... ... ...l - Alr = *
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[’fhere is no CO as the preceding after-
urner hes eliminated it effectively.
Stack losses are less than 25 Ib/hr for.
a fines recovery o+‘ better than 58%.
This is the [irst year that we have
* consistently achieved this degree of
efficiencyThere is no visible plume at
the stack[}“mes were originally com-
bined with balance of product coke
but are now refurned to the burner
for combustionj S
This precipitator was not altogether
successiul at first due to difficulty with
the screw pumps handling recovered
" fines, Air leaked in through the hop-
pers causing internal fires. And ncca-
sionally, emitter wires broke and re-
sulted in short circuits.
This precipitator is provided with
duetwork. The ducts perniit bypassing
of the CO boiler and precipitator, the

- precipitator alone, or operation of thej

CO boiler with the precipitator down.

Blinds and water seals are used. But
.In units of this size, the time and man-
power reguired to make any of the
above transitions and return constitute
a major effort. Change from bypassed
to on-line status is a matter of several

hours .at each gnd _ .
Cat crack'er.gat-cracker precipita-
tor, built in 1932, is two-stage with
eight fines hoppers. Four sets of rap-
pers are synchrenized on 15-sec inter-’

vals for coilector plates. Ductwork dis-

tributes flow into two passes whxcls
re not separated by a partition, Fig. 2
i:Precipita:ar is located ahead of the
0 boiler so that tvpical gas compo-
sition differs from that handled in the
coker.
There is an absznce of excess 0. and
producis ef the secondary

it huicks

' combustiu* in the following alter-
burrer.
Toial velume of gas h;}dlef* varies

- with open.:m' ceaditions but 'vt typi-

There is some CO present.

Flue gas—coker

( . From coker
] Scul \i Seal 1 5 #,10 in. din,
pot pot I
- giind
% ) Stack
o o g].nd =y
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caE-ates would be 200,000 actual ¢fm.’
Recovery.of 5 to 7 tons/day of cata-
lyst fines is made for an efﬁcxency of
about 95%. J

The last six particulate tests have

“shown less than 10 Ib/hr carryover to

the stack. There is no stack. plume
visible as a rule but we show up to a
Ringelmann 1 when loadmg fresh cat-

Evmes recovered are dumped from
e eight cat-cracker-precipitater hop-

ers on level control to a fines-storage
hopper. Carrying air is discharged.
through a baghouse which is also used
when unloading fresh catalyst. The
finas are removed by a comumeorcial
scavengesr compapy to a lang-fill
solids-disposal site

Beiler Louse. The third major pre-
cipitator is on the main beilur-house
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firebox. It collects 5-10 tons/day of a
fly ash which is 70 unburned carbon.
This two-stage, two-pass installation
handles 210,000-cfm vapors.at 390° F.
Vapors contain 14.15% CO., 3.7% wa-
ter, and 2% excess Q.. The balance is
nitrogenj
This precipitator operates at over
99% efficiency. Velocity is 3.44 fps.
Fly ash from the boiler-house firebox
contains enough vanadium and nickei
to be marginally attractive for recov-
ery when firing gany substantial
amount of solid fuelA
This {ly ash is at Dresent discarded.
When firing gas or solid fus], the dis-
posal problem is negligible.
The 2,890 multiclones aheud of the
- precipator are original equipment anl
tave never shown enouzh wear [
warrant any renewals to date,
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particulate emissions and visible

smoke demand exiremc reliability on |

the part of this eguipment. Tre hirst

years of opcration saw many equip-

ment failures, mostly due to the acces-
sory hardware.

The two-pass boiler-house-precipita-
tor hopper had trouble the first year
with the ash conveyor. This was re-
peated in Dec. 1957, and this in turn

led to a mudded-up hoppet and a shori -

circuit in one quarter of the precipi-
tator.

It is possible to take haif of this
precipitaicr off at a time by inserting
blinds and this was donc on this oc-

‘casion, The stack is remarkably clean

with no visible plume at full rates.
We have had no citations on it in the
last 4 years. Precipitator and acces-
sories have had no serious problems
for many years.

Coker. The coker precipitator has
had one or two failures of emitier
wires per run. But after the initial
problems with fines-handling equip-
ment and {aulty collecting plates, op-
eration has been fairly dependable.

* The present run is into 9 months with

one shorted section to date.

No visible plume shows at this time
and recent particulzte tests arve well
within the allowable 40 Ib/hr. On one
of the occasions of an electrical short,
it was possible to destroy the offend-
ing wire using a welding machine.
On another occasion, this technique
was tried but it failed.-

" During one run, a quarter of the
precipitator had both sections shoried
out. The stack plume became visible

“but did not exceed a Ringelmann 2

which was acceptable at that time.
Repair would require full shutdown
of the unit.

Maintenance. The cat-cracker pre-
cipitator has been & more frequent
source of troubie. Citations were re-
ceived for discharge of Ringelmann
2 or over for pericds longer than 3
miin 10 times in 1569 and 4 times in
early 1570, ' '

However, it has been necessary to
report equipment breakdowns or elec-
trical shorts on this unit on 33 occa-
sions in 1969 and 45 occasions up to
Sept. 1970. While not all of theze re-
sulted in excessive dast smission or
long upzets, they do show a Ligh de-
gree of unrelinbility, '

Falinres were due to loss of elec:
trical povwir, instrumentation, loss of

rapper hantners, hburned-out motor on

&2

A

apper arms, seams opening in the pre-

cipitator wall, and breakaze of emit- .

ter wires, This has required planned
maintenance such as cleaning of in-
sulators and servicing of rapper mo-
tors. T
Increasing demands have been made
for reduction in partticulate -levels by
the State Air Resources Board and
Bay Area Air Pollution Control Dis-
trict. This has made it necessary to
prepare to meet not only a particu-
late maximum of 40 lb/hr, but also an
opacity below Ringelmann 1.

With the 1959 or early 1970 perform-
ance record of our cat-cracker pre-
cipitator, these goals ssemed umat-
tainable.. Even installation of a par-
allel precipitator would not guarantee
compliance except with both units on
stream.

Moreover, the difficulty of blind in-
stallation slows the utilization of the
spare equipment and makes for pe-
riods of visible emission and the prob-
lems of public reaction. Anything
which can improve reliability of this
equipment is of great interest to the
industry, '

New controller. In Sept, 1870, a new
and highly effective control mechan-
ism was installed by Busll on “A”

This system is called “Anacomp” and
in this a silicon control rectifier re-
places the original saturable core re-
actor for voltage control. )

Since its installation, we have had
no occasions when breakdown or stack
duct originated in the electrical sys-
tem of A section. The ozly problem
since September has bzen with a false
hopper level and alarm circuit which
finally shorted out the A section and
led to ‘burnout of a rectifier.

We had no spare and were in jeop-
ardy for 4 days while a new one was
flowr: from Pennsylvania. Since that
time, we have had neither electrical
breakdowns nor citations. However, a
casing failure, dus to a pressure
surge, .required a. precipitator shut-
down for entry and repairs on Jan. 15.

Virtue of the latest Anacomp voltage

control lies in its extreme speed of
100 ms. It can sense a sparking build-
up, reduce voltage to interrupt the
spark, and restore it to the maximum
intensity balow the danger of arc.
This avoids the problem of the older
voltage regulator which fmqueﬁt‘.y
permitted arcing at an insufficiently
redused electromotive force. This often
compietely shortzd out a section and

Y

. bank of the cat-cracker precipitator. -

© particu

W

resulied in stack emissions unti!
manual correcticn could be made.
The: A bank of thiz procipitaiorn,
which formerly did well to maintain a
fairly steady 500 ma on the sccondary,
is now operating at-close to 1,600 ma
steadily. . _
The stack, which showed occasional
puffs up to Ringelmann 2, is now
rarely as high as Ringelmann 1. This
efficiency continues even when loading

_catalyst and at coke-burning rates oI

37.000 Ib/hr and 4,000-b/d charge.

Challenges. A baghouse eliminates
dust from carrying air used to unlazd
catalyst and to move recovered cata-
lyst fines from the precipitator to a
reject hopper. This baghouse contains
44 Dacron bags and is designed for an
air rate of 1,800 scfm.

Bag change is dependent on mois-

ture content of the air and the cata-

lyst. In general, 40-50 bags per year
are replaced. A broken bag in this
installation can make an immedizie
dust cloud more opague than Ringel-
mann 2. -

Bags usually Legin leaking becauvzz
of chafing while being filled with cat-
alyst which may not drop during tne
shaking cycle.” Causes include mois-
ture content as previously citsd.

Some of the stricter environmental
demand 1005 elimination of dust
emissions. The construction and main-
tenance of duplicate precipitators and
baghouse facilities offers many op-
erational problems in addition to the -
expense involved.

Inlet ducts to precipitators are sev-
eral feet in diameter and under 52
conditions of the inlet it is difficuit
to maintain the very large-diamemar

‘valves in working condition.

Attempts to control the flow by

“means_of large blinds involves a sub-

stantial time element to switch pre-
cipitators. During this time, emissicns
to the air are substantial and unzc-.
ceptable to most regulating agencies..
We beiieve that the selection of the
most reliable type of equipment and
the maintenance of this to the poin: of
highest reliability represents the most
practical method of meeting the re-
quirements. _
Some structural improvements ar
to be made at the mext turmnaroon
But with tihe impro

sistamtly. . . . EvD
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