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Texas City, Texas g/,, - J. B. CookF = \,‘_,_/“
- J. A, Glass -~
November 17, 1966 F. E. Grissom -
H. D. Grove
Subject: Abatement of Smoke from E, L, Haile
the VCM Flare System J. H. Ingram
W. R. Nisbet
Rei.: 1. Memo, Ray Rosenberg to G. T. Ryan
R. D. Sadow, July 27, 1966 R. D. Sadow
2. EWO 840.2222610, Sept. 16, 1966 T. E. Shirley
! ' ' K. F. Webb
C

3. Quotations, M. L. Bottomley of entral Fﬂ(k(
John Zink Co. to G, H. Weekley, Jr., .
October 4, 1966 ’

E. R. Hendrick

TO: Ray Rosenberg ?}% 3

The VCM flare system consists of a group of three separate flares {12, 6,
and 3-inch pipes). Typical compositions and rates for each flare are listed
in Table I. Al of these flares have been observed to give off black smoke
on different occasions. In response to your request, we have studied past
problems and experiences with abating smoke from these flares and simi-
lar flares at other locations to arrive at possible or potential abatement

methods. From these, a method of abatement is selected and recommended
for this system.

Past Experience

A. VCM Flare System

During earlier VCM plant operation, the main 12-inch flare burned
all streams, including those now going to the 3 inch flare and the
incinerator in Dept. 24. Steam was injected both anto the piping
(about 3-1/2 ft. from top) and later sparged from a ring into the
flame front to control smoke. We are told that considerable cor-
rosion occurred to the piping and adjacent hardware. Furthermore,
the resultant corrosion products plugged the flame arrestors. These
conditions were greatly reduced by taking steps to prevent water
(vapor and condensate) from contacting and absorbing HCl both n

the piping and from burning chlorinated hydrocarbons. One step
discontinued the use of steam; the other step routed the wet regenera-
tion gases (acetylene and methane) to the 3 inch flare, The literature
reflects that some corrosion still occurred to the piping, but it was
more external from contacting hot HCl combustion vapors. The
stainless steel (304) tips were replaced about once every 1-2 years.
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E. R. Hendrick

Sometime later, air was sparged from rings above the flares (into
the flame front) to improve combustion to control smoke and dis-
perse the HCl vapors. This proved to be a good way to abate smoke,
especially in burning the sootproducting acetylene going to the
3-inch flare., However, airspargingwas discontinued due to a short-
age of plant air and difficulties in avoiding overheating of the rings
and flare tips. Since then, a natural gas diluent has been success-
fully used, in place of air, to partially accomplish the same objectives.
Black, sooty tails were observed on the flares only during upsets,
start-ups, intermittent regenerations and purges, and tank over-
pressures when venting rates were relatively high; the most objec-
tionable smoke-producing event being the burning of acetylene from
the 3-inch flare during intermittent purging operations.

In 1965, a further :mprovement was made when an HCl smog abate-
ment project routed the HCl stream and the continuous chlorinated
hydrocarbon streams (22D4 overhead and 22T19 vent) from the 12-

inch flare to the incinerator (24H1) in Dept. 24. This change left
mainly the natural gas diluent and intermittent chlorinated hydrocarbons
from upsets, tank overpressures, etc., going to thus flare, However,
we understand that some of the diverted gases have to be flared due

to restrictions in this line,

The 6-inch flare was installed to handle waste gases from the oxidative
chlorination unit (Dept. 26). This flare also burns small quantities

of chlorinated hydrocarbons.

Springfield Plant

Qur Springfield plant uses a John Zink smokeless flare tip for inter-
mittent burning of chlorinated hydrocarbons. They use superheated
steam (i.e., throttled from 140 to 30-20 psig) to eliminate smoke and
prevent condensation, Corrosion still occurs to requare replacement
of the flare tip about once per year. Several different metals of
construction for the tips, including Hastelloy B and 309 stainless
steel, have been tried without marked reductions in corrosion.

Potential Abatement Methods

A.

Previous Design by Plant Engineering Services

Previously, Plant Engineering Services had studied this problem and
came up with a very thorough (and ultimate) design for abatement.
This design precluded any corrosion from HCl or HCl-water
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E. R. Hendrick

C.

condensation by scrubbing out the chlorinated hydrocarbons in the
process area. Then, the remaining gases were burned from multiple
shielded, ground level burners to prevent smoke. This design was
not approved for mstallation due to its high cost ($ 160, 000},

Route Some of the Flared Gases to the Incinerator, 24H1

It was suggested that it might be desirable to route some of the flared
gases to the incinerator via the existing line. However, this would
not be possible since this would re-mix the HCl and wet streams to
lead to pipe corrosion. Also, as previously stated, the existing line
has not been able to handle all of the present gases; and the installa-
tion of an additional line would be too expensive. The installation of
a large line to handle tank overpressures would overload the
incinerator,

Air Rings

Based on past experience, the use of air rings would require rather

precise definitions of air requirements in order to avoid overhearing
the rings and flare tips. Also, a costly compressor or blower would
be required.

John Zink Smokeless Flare Tips

Use of John Zink smokeless flare tips is attractive in view of
Monsanto's favorable experiences with these tips at Texas City,
Chocolate Bayou, and Springfield, The main concern has been with
the sparging of steam from nozzles into the flame front and its
effect on HCl-water condensation and corrosion. We feel that this
will not be a major problem because of the following:

1. The HCl and chlorinated hydrocarbons going to the flare
system are much less than in the past when steam sparg-
ing was tried.

2. As previously stated, the Springfield plant does not have an
HCl-water condensation problem due principally to the use of
superheated steam in the sparge nozzles of their John Zink
flare, As a result, their frequency of replacing flare tips
has been slightly greater than that for our VCM flare system.

3. John Zink has a flare tip in similar service at a plant in the
Houston area. They report that this installation has been
very satisfactory.
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Conclusions
Ponubutmbab bty

1. From past experience, it is apparent that abatement of smoke from
the VCM flare system is not a continuous problem but required mainly
during upsets, start-ups, tank overpressures, intermittent regenera-
tions and purges, etc., when relatively large volumes of gases are
vented for short periods. In our opinion, this and other considera-
tions places an obvious limitation on the money that can be justified
for purchasing abatement equipment.

2. In view of the preceding considerations, we feel that it 1s more
desirable to abate smoke with the relatively inexpensive John Zink
smokeless flare tips. Later, if some unforeseen trouble should
be encountered with the steam sparging, a less condensible mixture
of steam and air could be substituted by using a jet compressor in
place of the control valve, as shown in Figure 1, This revision
would be relatively inexpensive and easy to make but requires exten-
sive testing.

Recommendations

1. It is recommended that John Zink smokeless flare tips be installed
on each of the three flares (see Fagure 1}, These tips will each
consist of three feet of main piping, steam nozzles, ring and piping
and pilots (1 per flare). These will be fabricated of Hastelloy C and
solution annealed as per Corrosion's recommendations. Corrosion
desires the mill test reports and furnace charts for this operation,
In addition, each tip will be fastened to the existing pipe with 150 lbs,
carbon steel split Van Stone flanges, John Zink has gquoted a price
of $5,935 for this equipment (less steam throttling equipment, ratio
controllers, and installation).

2, Steam for the sparge nozzles should be obtamned by reducing from
600 psig to 200 psig across a control valve to achieve the necessary
superheat. Plant Engireering should design for trottling a maxamum
of about 3, 000 Ibs/hr (normal operation would use an average of
about 300 lbs/hr). To avoid losing this superheat, the steam piping
gshould be insulated to the top of the flare. Additionally, John Zink
"flow sensors'’ should be installed on each pipe so that the steam is
automatically raticed to the flow of waste gases and natural gas
diluent. Production should maintain good natural gas diluent rates
so that this ratio controller will automatically ensure that steam is
always flowing and the flare tzps are hot.
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3. The waste gas line from VCM to the incinerator should be debottle-

necked so that all of the gases can be burned. We feel that this is

a relatively minor operation of removing restrictions (weaker

check valve, bigger orifice and control valve) at the incinerator end

of the line. PT and E will more accurately define this problem.
We have recornmended equipment which should eliminate smoke nearly
1009 of the time, However, there is some question in our minds as to
whether the ermission characteristics of this flare warrant the level of
expenditure anticipated. Mr, J. H, Ingram of Plant Engineering Services
has proposed a cheaper approach of installing only one John Zink tip on
the 3-mnch flare, since this flare appears to be the most objectionable
smoke producer and does not burn chlorinated hydrocarbons or vent HCI,
It should be noted that this approach would not eliminate the need from
eventually replacing the other flare tips (corrosion), which is 2 sizeable
part of the equipment cost of the recommended course, To get a better
comparison, we have asked Plant Engineering to prepare two separate
cost estimates for these two approaches. Upon receipt of these estimates,
we will review them with you to determine which one, if any, should be
pursued to a conclusion,

A

Geo H. Weekley, .
GHW:eh

Encls.
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Normal Firing Rate:

Continuous:

Intermittent:

Abnormal Firing Rate:

Intermittent:

TABLE t
FLOW RATES FOR THE VCM FLARE SYSTEM

(Lbs/Hr)
12 Inch Flare 6 inch Flare 3 Inch Flare

Total Rate Composition Total Rate Composition Total Rate Composition
Natural Gas 250 Methane 164 Natural Gas -
Diluent Acetylene 30  Diuent

EDC 17

Ethane 11

cO 7

Ethyl Chloride 6

A 5

Propane 3

Oxygen 3

N, 2

Cco, 2

250

2500 Methane -2500 4000 Methane-4000 200 Mcthane- 101
(6 hrs. {1 1/2 hrs. (15-20 Min.  C,H, _-10u~
twice/wk. ) at Start-up) every 12 hrs.} 200
2500 Methane -1875
(4 hrs. Hydrogen- 625
twice/wk. } 2500
>2000 Chlorinated cmesmms eeremmes meeceme ememema
{upsets, Hydrocarbons
tank over- CBY 1002610
pressures,
etc,)
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FIGURZ 1 - PROPOSED JOHN ZINK TIPS FOI! THE VCM FLARE
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i (1} 3 Foot Assemblies include Hastelloy C
600 psig

Steam nozzles; main piping, ptlots (]l per flare}

(2) Steam piping should be insulated up to steam

Steam [g and carbon steel Van Stone flanges.
iy

nozzles to avoid condensation.
{3} John Zink's aatomatic steam adjusting

instrumentation {termed "Flow Sensors'')

! Air-Steam Mlxture: (4) VCM production states that their presernt
ALTERNATE E tgnition systermn 1s adequate.
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MONSANTO COMPANY
Location : Texas City, Texas cc: FA—Glass _
w. H. Sleager
X. F. Webb
G. H. Weekley
‘/} r
- o /h RO
Date H July 27 . leee om— , /‘_,~, e —e

2223

Subject : VCM Flare System

8

R. D. Ssdow

The VCM f£lare stack contains three separatce flare lines for burning
vent gases from the VCM area. 22A1°s and 22R4's are purged through
the 3" line. Department 26 uses the 6" line. The 12" line is the
main flare and handles unit upsets, equipment purging prior to
maintenance; Department 22 RV's and some of Department 23 RV's,

The VCK £laze goystem normally burns leaving a black sooty trail which
can easily be seen from the ground, The quancity of scot that is
nade varies with opsrations or problems in the areca. The socoty flare
is considered cbjectionable.

You are well aware of the emphasis now deing placed on reducing
atmospheric pollution originating within Monsanto property limits.
I, therefore,. reguest that a study be made to divert, reduce, or Cis~

charge the materials going to the flare in such a manner as to elimi-
nate the VCM flare as a source ¢f continuous atmospheric poliution,

{ ée enb?, g/

CBY 1002612

RSV0032833



J.

- n n

I

N\
L~

M el ;;Z%E;éfiz/éf- -

-

MONSANTO COMPANY
Texas City, Texas ec: W. H. Slager
4. J. Romerll
R. F. Kaeble
July 14, 1964 7;'3 E. D. Moore

Date

To J. B. Cook

Subject: Smokeless Flare for Department 22 %\ﬂ%‘ ®®®

(]

As you know, there is increasing emphasis on reduction of

gir pollution from the plant. We now have EW0O's for revising
the 3" C.Hp flare from VCM, and for diverting the normal vents
from 22D4 and 22T19 to the Department 24 stack, These pro-
Jecets should reduce smoke and smog from normal vent streams.

There is still a possibility of formation of large guantities
of smoke should a relief valve vent to the flare. This hap~
rened recently when the VCM spheres were overpressured. We
must have & flare system which will provide clean burning for
this eventuality.

ause ol 1 generation when most VCM streams are burned,
steam injectlon)is on undesirable method of smoke reduction.
“Wethmave-had-en2ir “ring” at the top of the main flare which

could be turned on manually t0 reduce smoke. I feel air is
probably the best material to reduce smoke from our flare.
This system, however, had two disadvantages: 1) air demand
can be very high, and 2} it is not automatic. An air ring or
alr nozzles at the flare tip supplied by a stationary alr com-
pressor with automatic starting is Just one system that might
be installed for our flare. Thewre are probably other systems
that could ve devised. (There might be air compressors soon to
be salvaged in Department 1 that might be suitable).

The attached EWQO is to cover the engineering for this Job.

LW Rongatt f 4.

J. W. Eongable
/b
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cc: J, M. Chamberlin W. R. Nisbet
E. R. Hendrick/Hutchins M. L. Owens
J&quéaé;/%t’ﬁigiman G. E. Pratt
- < G. D, Rucker
V. L, Linton W. H. Slager
J. G. McQuarrie W. F. Zimmermann

MONSANTO CHEMICAL COMPANY

5
Texas City, Texas } Q?

April 12, 1961

NEREREN
To: J. W, Kongable [uic Uiyl

Subject: Soot from VCM Flare at 1500 on April 10, 1961

4

The Occurrence

A dense black smcke plume from the VCM flare was observed between
1500 and 1530 on April 10. The wind was straight out of the
southeast, The plume was clearly visible overhead all the way
across the city., Although casual observations at the foot of

the flare and across the city did not reveal any soot falling

out, had weather conditions been different, soot fall-out might
have been serious. No complaints have been received about this
incident. However, everyone in Texas Clty could see that Monsanto
was agaln putting soot intc the atmosphere,

The Cause

The cause of this incident was an operator error, A VCM rundown
tank was overfilled and blew its relief valve into the flare line.

o, D7)

H, D. Oltmann
do
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AV .. Cozker, Spgfild.
C. b. Hammond, Spgfld.
P, U, b.antgon.ery
<entral Files

Uecewwber 22, 1960

Voh, Plare Corrosion

3}-‘:540 PD:“: to :[’ T}n 11'&2"6& ‘-nd . to - -
Moo ¥ T Lo LUk 11e29-60 g‘:,.w LS

E. T. Molyneax
Lprimglield

4t Texns City the VOi! flare systen. has experienced corresion,
but the corrosion has boen raduced considerably through several
changes ia the system. We believe vow the corrosion is within

the limits of that expected for the corrosive sases it handles. Sev-
eral changes have been niade from. the original lare systeu..

The original syste:s had ons header line that handled the reliei
valve exhaust, tail gas, regeneration gases, and miscellaneous
blowdowas. {his gave severacid corrosion internally in the lurger
head piping, flare sump, and flare tip. Ve belisve the corrosion
wae caused frox: the acid fornied by the HCl containing tail zae and
the wet regeneration gases. 4 second smaller flare line was in~
stalled to handle the wet regeneration gasos and wet muiscellaneocus
blowdowns. Since this change was made in 1956, the flare tip has
not been replaced, and corrosioa to the piping hae been more on
the external surface from the atmosphere than internal.

The tail gases are buraed coatizually in the {lare. They consist
primarily of acetylene, HCi, and dichloroethane. VCAI is borned
interruittently and only as an emergency measure to relieve pressure.
A flow of fucl zar {:nethane) is also burned in the flare continually

to maintain coough heat to disperse the HCI and prevent air pollation.

Stean. hats not been used on the flare flame in the four years I know
of. It has been unnecessary because the block smoke problen.s have
been very minor. Apparently, fuel gas has reduced our problex.
with incomplete combuetion. Actually, the stearn, sparge and ateam
piping were rencved at the last shutdown in Cetober. Ve get at-
.ospheric corrosion in the ares just balow the flare tip, and the
sonaller stezin. plping is particularly susceptible.

Ihe flare tip is fabriceted ircu. 304 stainless steel without Has-
telloy tric.. Ian unable to identily it as & Zink flare. It was re-
designed when it was replaced in 1956.

CBY 1002615
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Tage 2.

Vr e have used linings in the sun.p section at the base of the flare
stack == first, with Zbonite rubber lining for protection against
acid accumulation, and more recently it was lined with ‘ Duro’
acid proof brick. The dichloroethane atn.osphere attacke the rub-
ber. Ve have experienced acid conditions of the dichloroethane
condensated and accumulated in the sump, possibly from the slight
wet condition of the fuel gas eatering the flare at the base.

If we have had interaal burning inside the flare, it has gone un-
noticed and has not been 2 problem to our knowledge.

I hope these cornments will help you with your {lare problem; but,
if you need additional information from us, please write,

hl L. B. Bullock

By
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Springfield, Massachusetts Mr. A.W.M. Coaker

Mr. C. B. Hammond
Date November 29, 1960 Mr. P. D. Montgomery -

Texas City

Texas City Subtect  VCM FLARE CORROSION

Recently I contacted our Bill Coaker, Research Department here
at Springfleld, with regards to what happens chemically when
VCM vapors are burned at the top of our VCM flare. This was

an attempt to find out what causes the severe corrosion problem

that we experience. I understand Bill called Phil Montgomery who,
in turn, contacted you,

Since you may have some technology that would help us, here is a
brief description of our system and the trouble we experience.

We have a flare stack which 1s used to burn off process gas,
specifically vinyl chloride monomer vapors (CHpCHCL). This stack
stands 120 feet in the alr. The top twelve feet of the stack
consists of a removable 24-inch diameter cylindrical flare which

1ls fitted with three city gas burners {to ignite the vinyl chloride
monomer vapors), and a steam sparge for injecting steam just over
the top of the 24-inch shell (to afford complete combustion). This
upper 12 feet is a patented field flare manufactured by the John
Zink Company of Tulsa, Oklahoma.

When the VCM vapors reach the top of the flare, they are ignited

and would normally burn with a heavy black smoke. The injection

of steam, however, adds suffliclient 02 to allow the carbon present

to burn to CO and CO02. Unfortunately, we bellieve that HCL is formed

as a result of steam injection and we strongly suspect HCL 1s formed

initially as part of the VCM, is heated up, polymerlizes, degrades and
releases HCL vapors. We have no idea what concentrations of HCL acid
exist.

The flame temperature based on visual observation of flame color
ranges between 1800°F and 2100°F. We believe internal burning

occurs inside the flare when the venting rate is low. There have
been visual observations at night which show the 24-inch shell to
glow cherry red for the top four or five feet. This places the metal
temperature around 1400°F,

CBY 1002617
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Mr. L. B. Bullock -2~ ﬁovember 29, 1960

The operation of the flare follows no set pattern except

when the operators observe that VCM is burning--they turn

on the steam sparge. After the burning has ceased, they turn
off the steam sparge. There is always a small bleed of steam
to keep the lines hot and to prevent freezing in the winter.
The flare mgy burn for several days or just for an hour., The
temperature extremes, therefore, can be severe and occur over
a short period of time, particularly in the winter.

At present, we are using 309 stalnless steel as the 24-inch
diameter shell material. This shell (1/4-inch thick) has a
life of about ten months and fails by corrosion on the upper
five feet, approximately. Samples show that gross intergranular
corrosion occurs on the inside of the shell accompanied by grain
dropping and possibly chromium impoverilshment,

The outside surface reveals pits and some intergranular corrosion.
Stress corrosion cracking is prominent. There is one school of
thought that believes the greatest contributor to the problem

is the presence of chloride in the aqgueous solution in contact
with the flare at certain times when the flare is not operating
or when rainy weather conditions exist. Admittedly, 309 stainless

steel is@oor for HCL service but does have high temperature resistant
properties,

For your information, Hastelloy B material, or egquivalent, is

currently being used for several of the parts on the flare and
the fellowing comments apply.

This 1s a 24-inch diameter casting

Flare ti welded on the top of the 24-inch dilameter
(material similar to 309 stainless steel shell. It shows
H. B per J. Zink Co.) warpage, cracking and is badly corroded

after ten months'!service,.

There are 26 of these consisting of
1/2~inch H. B pipe with a cast orifice

Steam tips and orifices projecting upward from a common ring.
(tips are H. B and The ring is located about one-foot
orifices are of material below the flare tip on the outside.
similar to H. B per The orifice elevation is just about
J. Zink Company) even with the top of the flare tip.

These parts stand up well, probably
for two reasons: (1) they are cooled
by the steam, and (2) they are located
away from the immediate grea of com-
bustion.

CBY 1002618
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Mr. L. B. Bullock -3- November 28, 1960

There are three of these castings

Gasburner shroud and tip located 120 degrees apart, and the
(material similar %o tips are about even with the flare
H. B per J. Zink Co.) tip (about same elevation and position

as steam nozzles). These parts hold
up well, also.

We understand, through various conversations that people here have
had with Texas Cilty personnel, that you have at least one flare
stack that has the John Zink flare. We believe this flare stack
has the steam sparge feature and is used to burn off VCM vapors.
This is probably the flare with a 309s.s.shell and Hastelloy B

trim. Perhaps 1t would be well to explain If these statementshre
correct.

Here are a few specific questions if you do have a flare stack that
burns off VCM vapors and uses a Zink flare,

te ’ a, Do you burn VCM vapors continually or intermittently?
yézgng:ﬂ~r*d'b. Is a steam sparge used? If so, 1s it on all the time?

Ao

.S ¢. What is shell material of Zink flare?
‘*304" - -
° . ‘Jﬁ.g.b-’a

s d. Do you experience corrosion on upper portion of the
- flare shell?

e. How often do you repair or replace the shell portion
of the Zink flare?

£, Have you ever tried refractory linings or center steam
sparge in the Zink flare?

g. Have you experienced internal burning in the Zink flare;
that is, does the flare glow red?

We would appreciate an answer to the above questions and any
comments which you may feel are pertinent to our problem,

e :

F., T. Molyneux

/da

- CBY 1002619
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Texas City, Texas A. W, M, Coaker-Spfld,
M L. B. Bullock
November 22, 1960

VCM Flare Corrosion

Frederick T. Molyneux
Springfield

B1l1l Coaker called yesterday with some questlons concerning
your corrosion problem with the VCM flare, I've talked to
Burnie Bullock;, our-Divisional Engincering VCM man, We're
not sure we understand your entire problem, but I will relay
gome comments,

We run HCl-containing streams through a separate flare line.
Dry VCM gives a minimum of corrosion, WVWe!ve never had a
"pblack smoke" problem from the VCOM flare, We add natural
gas to the flare to create more of an upward thermal draft,
to get the HC1l to higher altitude and disperse it better,

We use a commercial stainless steel burner tip. Burnie
doesn't know which stainless, but we could find out if its
important to you.

We don't know the flame temperature. It could be calculated,

As I said above, we don!'t fully understand your problem--
whether you're sucking HCl back into the flare 1line, or
whether youire running wet HCl-contalning streams to the
flare. If 1t's the latier, you're in troudble, If you'd
like to discuss the situation, I'd suggest you get in touch
with L. B, Bullock personally. ‘"Burnie doesn't c¢laim to

be a flare expert, but he'!s lived with the VCM plant for a
long time and maybe could be of further help.

P. D, Montgomery
PDM:pf

CBY 1002620
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Springfleld, Massachusetts Mr. A.W.M. Coaker
Mr. C. B. Hammond
November 23, 1960 /ﬁr. P. D. Montgomery -

Texas City

L:L_~m_

%
‘y’ﬂ

Recently I contacted our Blll Cosaker, Research Department here

at Springfield, with regards to what happens chemically when

VCM vapors are burned at the top of our VCM flare, This was

an attempt to find out what causes the severe corroslon problem
that we experience. I understand Blll called Phil Montgomery who,
in turn, contacted you.

Mr. L. B. Bullock

Texas City VCM FLARE CORROSION

Since you may have some technology that would help us, here is a
brief description of our system and the trouble we experience.

We have a flare stack which i1s used to burn off process gas,
specifically vinyl chloride monomer vapors (CHoCHCL). This stack
stands 120 feet in the air. The top twelve feet of the stack
consists Of a removable 24-inch dlameter cylindrical flare which

is fitted with three city gas burners (to ignite the vinyl chloride
monomer vapors), and a steam sparge for injecting steam just over
the top of the 24-inch shell (to afford complete combustion). This
upper 12 feet is a patented field flare manufactured by the John
Zink Company of Tulsa, Oklahoms,.

When the VCM vapors reach the top of the flare, they are ignited

and would normally burn with a heavy black smoke. The Injectlion

of steam, however, adds sufficient 02 to allow the carbon present

to burn to €O and CO2. Unfortunately, we belleve that HCL i1s formed

as a result of steam Injectlion and we stirongly suspect HCL 1s formed

initially as part of the VCM, is heated up, polymerizes, degrades and

releases HCL vapors. We have no idea what concentrations of HCL acld
exist.

The flame temperature based on visual observatlion of flsme color
ranges between 1B00°F and 2100°F. We believe internal burning

occurs inside the flare when the venting rate is low. There have
been visual observations at night which show the 24-inch shell to
glow cherry red for the top four or five feet. This places the metal
temperature around 1400°F,
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Mr. L. B. Bullock -2- November 29, 1960

The operation of the flare follows no set pattern except

when the operators observe that VCM 1s burning--they turn

on the steam sparge. After the burning has ceased, they turn
off the steam sparge. There is always a small bleed of steam
to keep the lines hot and to prevent freezing in the winter,
The flare may burn for several days or Just for an hour. The
texperature extremes, therefore, can be severe and occur over
3 short period of time, particularly in the winter.

At present, we are using 309 stainless steel as the 24-inch
diameter shell materiasl. This shell {1/4-inch thick) has a
life of about ten months and fails by corrosion on the upper
five feet, approximately. Samples show that gross intergramular
corrosion occurs on the insilde of the shell accompanlied by grain
dropping and possibly chromium impoverishment,

The ocutaside swrface reveals pits and some intergranular corrosion.
Stress corrosion cracking is prominent. There is one school of
thought that believes the greatest contributor to the problem

is the presence of chloride in the agqueous solution in contact
with the flare at certain times when the flare is not operating
or when rainy weather conditions exist. Admittedly, 309 stalnless
steel ishoor for HCL service but does have high temperature resistant
proper{ .

For your information, Hmaatelloy B material, or equivalent, 1l1s
currently being used for several of the parts on the flare and
the following comments apply.

This 45 a 24%-inch diameter casting

Plare ti welded on the top of the 24-inch dlameter
(mater ) ar to 300 stainless steel shell. It shows
H, B per J. Zink Co.) warpage, cracking and is badly corroded

after ten months!'service,

There are 26 of these consisting of

1/2-inch H., B pipe with a cast orifice
Steam tips and orifices projecting upward from a common ring.
(tips are X

. B ang The ring is located about one-foot
orifices are of material below the {lare tip on the outside.
similar to H. B per The orifice elevation is Jjust about
J. Zink Company) even with the top of the flare tip.

These parts stand up well, probably
for two reasons: (13 they are cooled
by the steam, and {2) they are located
avay from the immediste area of com-
bustion.
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¥r. L. B. Bullock -3- November 29, 1960 |

There are three of these castings

Gasburner shroud and ti located 120 degrees apart, and the
Imafi?IEi simiiar to tips are about even with the flare
H. B per J, 2ink Co.) tip {(about same elevation and position

as steam nozzles). These parts hold
up well, also.

We understand, through various conversations that people here have
had with Texas City personnel, that you have at least one flare
stack that has the John Zink flare. We belleve this flare stack
has the steam sparge feature and is used to burn off VCM vapors.
This is probably the flare with a 309s.ashell and Hastelloy B

trim. Perhaps it would be well to explain if these statementpare '
correct.

Here are a few specific questions if you dc have & flare stack that
burns off VCM vapors and uses a Zink flare.

Do you burn VCM vapors continually or intermittently?
Is & steam sparge used? If so, is it on ali the time?
c. Vhat is shell material of Zink flare? l

d. Do you experience corrosion on upper portion of the
flare shell?

e. How often do you repair or replace the shell portion ‘
of the Zink flare?

f. Have you ever tried refractory linings or center steam .
sparge in the Zink flare? ‘

g. Have you experienced internal burning in the Z2ink flare;
that is, does the flare glow red?

We would appreciate an answer to the above questions and any
comments which you may feel are pertinent to our problem.

-

< AN

F, 7. Molyneux

/d
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Texas C.ty, Texa:z A. «. M. Coixer-Spfld.

L, B. Bulloc.
November 22, 1360

VCM Flare Corrosion

Frederilck T. Molyneux

>
£
Springflelc (}:7-

o ST
'UT.,UI;..__ - o

Bill Coaker called yesterday with some questlions concerning
your corrosion prceblem with the VCM flare, I've talked to
Burnie Bullock, our Divisional Engineering VCM man. We're

not sure we understand your entire problem, but I wlll relay
some comments,

We run HCl-containing streams through a2 separate flare line,
Dry VCM glves & minlimum of corrosion, we've never had s
"blaclk smoke" problem from the VCM flare., We add natural
g88 to the flare to create more of an upward thermal draft,
to get the HC1l to higher altitude and disperse it better,

We use a commerclal stainless steel burner tip. Burnie
doesn't know which stainless, but we eould find out if its
important to you,

We don't know the flame temperature, It could te calculated,

As I said above, we den't fully understand your problem--
whether you're sucking HCl back into the flare line, or
whether you're running wet HCl-containing streams to the
filare, If it!'s the latter, vou're in trouble. If you’d
ike to discuss the situation, I'é suggest you get in touch
with L. B. Bullock personelly, Burnie doesn't claim to

be & flare expert, but he's lived i.ith the VCM plant for a
long time and maybe could be of further help.

-
h#

e P. D. Montzomery
PDM:pf
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MONSANTO CHEMIC 1L COMPANY -
TEXAS CITY, TEXAS
March 31, 1959 TH
'J_ LL:L_x D N ]_{
To:; E. M. Jones
0. C. Jones cc: J. S. Putnam
H. K. Eckert
Mmger/smmnn/@
5. L. Hunter/R. J. Schatz //
J. V. Waggoner ‘
H. M. Walker ~B
A. E. Withrow
J. P, Hickman

Reference: JSP fo EMJ-OCJT, Marceh 31, 1859

Subject: VCM Flare

As Mr, Putnam's letter states, there is little doubt

but that the oxidative chlorination unit flare discharges
gases which result in a vapor trall over Texas City

when the wind direction 1s from the southeast to souvth-
west quadrant. Thls condition has existed since depart-
ment 26 was put in operation in September, 1958, but

has become most noticeable during the past two months
when the on-stream time has increased significantly.

Fileld construction work on the installation of the
recycle compressor started last week. %his instzllation

is scheduled for completlon by April 1%, and 1s presently
on schedule.

The operation of department 26 is now necessary in order

to keep VCM in operation, since acid inventor{ is at
maxlmum. When acetylene agaln becomes avallable, cxida-

tive can be shut down. It 4s planned to shut oxldative
down anyway on April 6, in order to change out the
reactor porous plates and make the recycle tie-ins.

It is suggested that departiment 25 be operated until
April 6 and then remain down until the recycle system
is reacdy to operate, about April 15.

U I A
djl H. M. Keatin
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Confirming our conversation, I have asked the Engineering Department
to drop all work on the appropriation request for revisions to this flare
to stop carryowver, based on the premise that it would cost at least
$45,000. This is too expensive.

Texas City, Texas

(-4
Unless a less expensive method of gnaranteeingn’:nisting from this flare
is developed, we will have to depend on good operations and dispersing
the mist by the flame, I understand dispersement by flame is not good
when our humidity is above 90%; there is a question of how good or how
bad it would be under these conditions. Experience is the only thing that
will give us this information. It is my understanding only one minor
upset has been experienced since the major one last July (1956).

I believe our best policy is to proceed along these lines,

/e-VD Jo S- Pumam
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22
cci W. E. Alexander J. R. Mares Tom Ryan 2223
R. D. Dunlop H. E. Morri H. G. Schleicher
, R. L. Helder C. T. Murray L F. A. Sherwood
5. L. Hunter R. G. Powell W. H., Stanton
W. Ho Lane R. W. Rotzler

MONSANTO CHEMICAL COMPANY
Texas City, Texas
Octobear 23, 1952

To: HMr. H. ¥. Eckert
At: Texas City b//

Subject: Report on Exgégglon at _the Bottom of Flare 22/.3

Summary

An explosion occurred at the bottom of flare 22435. This

flare serves Departments 22 and 23. The explosion is believed
to have been caused by the reacticn of ethylene with elther
chlorine or air in a dead space at the bottom of the flare.

Description

Department 23 manufactures ethylene dichloride by reacting
ethylene with c¢chlorine. The reaction is rapid and one of the
problems 1s removing the heat of reacticn to prevent a
violent reaction. Ordinarily the ethylene feed to the re-
actor is kept in excess of the chlorine feed 30 that very
little chlorine will pass through the reactor. The excess
ethylene in the reactor effliuent is (1) cooled to remove EDC,
(2) scrubbed withcaustic to remove chlorine, and (3} sent to
the flare. The flare, 2343; is 8180 used Lo burn gases used
to purge the EDC crackers,

There was an explosion at the base of flare 2227 abt 0245
October 12, Below 18 a chronological list of the events which
preceded the explosion.

Oct. 9, 100D to 13C0. VCM diluted with natural gas was flared,

Cet. Y0,0000 te 0230. The EDC reactor was being put on stream
and the reactor effluent was being flared with-
out being scrubbed with caustlic. A faulty
control valve on the chlorine feed was glving
a large excess of chlorine at times. The fiame
at the top of the flare disappeared and Lhe
flare stack started to glow below the flame

arrestor,
Oet. 10, 0230. The flame arrestor blew off.
Oct. 10, The flame arrestor was repsaired.
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Oet, 11, 0200 to 0600, Natural gas was sent to the flare
while purging an EDC c¢racker prieor to
putting the cracker on stream. The flare
operated satisfactorily during this period.

Oect. 12, 0lC0. Lines were being tested prior to
putting the EDC reactor on stream. The by-
pass on the ethylene feed was cracked to
allow an estimated 100 pounds/hr to pass
through the reactor, caustlc serubber, and
the atmospheric vent on top of the caustic
scrubber. This 18 a very rough estimate of
the ethylene flow since there is no flow
meter on the by~pass. The chlorine feed
line was tested up teo the reactor. It was
observed that when the section of line Just
ahead of the reactor was blocked in, it qiq
not hold pressure.

Qet. 12, 0230. The atmospheric vent on top of the
caustic scrubber was closed and the effluent
gas from the scrubber was sent to flare. It
was observed that there was no apparent
burning at the top of the flare between 0230
and 0245. NMessrs. Hutchinson and Cutcher
reported this fact independent of one another.

Oct. 12, 0245, The plate at the base of the flare was
biown off. Mr. Roscoe Wiley was standing in
the road near Department 3 facing the flare.

He reports that there was a flame which ran

up the outside of the flare stagck and then dack
down. A second or two later he heard the
detonation.

The plate at the base of the flare was
blown off with considerable force. The ladder
up the flare was sheared in two and the plate
crashed into the back of the foam house. The
point of impact on the concrete wall indicated
that the plate was traveling about horizontally.
Considerable concrete was knocked from the
wall by the plate, but no serioues damage was
sustained. Conslderable damage t0 property
would probably have occurred had the plate not
been stopped by a concrete wall.
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Comments
Three possible causes of the accident have been suggested:

{1} The explosion was due to the spontaneous reaction
of chlorine and ethylene,

{2) The explosion was caused by a mixture of air and
ethylene at the bottom of the flare.

(3) The explosion was caused by percxides collected at
the bottom of the rlare prior to the first explosion.

The arguments for the reaction of ethylene and chlorine are
av follows:

(1) Chlorine was known to be in the flare line prior
to the firs%t explosion.

{2) There 1s a large dead space at the bottom of the
flare in which heavy chlorine gas could pocket.

{3) If the flow rate of ethylene through the reactor was
close to the estimated flow of 10D to 200 pounds
per hour, the ethylene would have resched the flare
about the time of the explosion. (It would have
taken about 15 minutes to purge the flare line of
methane that it contained, .

This theory does not explain why a visible fiame did not rise
from the flare as soon as ethylene was Lturned into the far
end of the flare 1line. A small amount of condensate dreained
from the bottom of the flare after the expiosion 4id not
smell ol free chlorine,

The arguments for an explosion befween air and ethylene ares
that air could have been left in bottom of tne flare after the
first explosicen. The mixture of air ard ethylene could have
beenn set off by a spark or flash-back.

The argument I'or a peroxide expiosion is that oxygen ang EDC
will form percxides in the presence of an alkaline solution.
When the EDC reaclor was operated in September, for about a
week a smal) amount of air was bled intc the reactor to inhlbit
the formation of substitution products. During this same
period EDC was carried over into the bottom of the flare.,

The three theories on the explosion have one contributing
factor in common: the dead space at the bottom of the flare.
The fact that the plate at the bottom of the flare was blown
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off while the fins on the Ilame arrestor were undamaged
make it feirly certain that the explosion occurred at the
bottom of the flare and net in the flare line.

Recommendatlions

Since the cause of the explcosion cannot be definitely de-
termined without repeating the explosion, it 18 imperative
to eliminate 3ll possible causes of the explosion., Sbeps
are being taken to eliminate the dead spot at the bottom of
the flare, to prevent chlorine from getting into the flare
line, and to prevent oxygen from getting in the flare line,
The followlng specific changes were agreed upon in a joint
meeting of peraonnel from Production, Pracess Design, and
Engineering:

(1) A natura)l gas purge be installed at the bottom of the
flare to eliminate any dead space.

{2) Decrease the liquid load on the caustic scrubber
{23K1) so that it will handle the high ethylene rates
obtalned in starting up the EDC reactor. This will
eliminate the necesslity of by-passing the caustic
ecrubber during start-up and reduce the possibliity
of getting chlorine into the flare hsader.

{3) 1Increase the strength of caustic in 23Kl so that 1te
capacity to remeve chiorine will be increased.

(4} 1Install a separate scrubber for venting chlorine tank
cars. Originally 23Kl was to be used for this service.

{5} Remove the by-pass around 23Kl s¢ that there will be
no chance of gas being sent to flare without first
being caustic scrubbed,

The committee also recommends that the flare system be rechecked
for dead spaces and that tha flare problem be reviewed each
time & new stream is added to the flare header.

HAZARD INVESTIGATION COMMITTEE -

G. H. Lovett
Paul Malone
: Wo C. Puiler
GHL:gh T. B. McQuacrie
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- ce: W, E. mnlexander
B. H. Hartzog
W. ¥. Lane
H. B. Morris
H. G. Schleicher
R. L. Seikel €
J. B. Wortn ;9, 3'[5}”0
FORSAIITO CHSMICAL COMPANY vV
Texas City, Texas 7V
July 31, 1851
v > 3 - &
To: mr._R. G. Powell Cofa :;
At: Texas City Cobp =~ 7

Subj: ign of Vent System For

Depts. 21, 22, angd 23

During ncrmal operstlons, two vapor streams are con-

tinually discharged te the atmosphere. The filrst stream

is from Department 22 and consists of 70% inerts, 23% bl
CzHz, 2% VCM and 5% EDC; the guantity 1s 3.5 cfm. The

second stream iz from Departnent 2% and consits of 80% TR
ethylene-ethane, 2% DCE , and 18% <inertus; the quantity

if about 50 ¢fm. Gasses exhausted ave light vand should t> e T
readily mix with the air and rise so no fire hazard cue >
to settling sihould be encountered. Also, no toxic pro- ? No |
biem exists from theae vapors; therefore, it is 18 felt that

these streams can be exhausted directly to the atmosphere
without flaring.

During an emergency shut down due to power fallure, the

* r—“¢=_
following conditions would prevail in the columns in
Department 22:

2204

This column would drain gulte readily as it is packed.
The oll would-pe taken to 22T11. Sﬁamuer

22D5 -

The hold-up on the trays would be about 5,000 1lbs.
Eowever, it is noted that the richest VCH-EDC mixture
in the column 1s about 20 mol. percent VCM. The vapor
pressure sbove a 20-80 VCM-EDC mixture is about 20 psjis
at 100°F; the column is designed for gg_g_.g, It thus
appears thav 23 the liquid on the trays heats up,the
HC1l held in solution will be stripped out. Possibly
500 1ibs. of EC1l will be exhausted to the HC1 Absorber
(21D2) over = peviod of time of say 10-hours. Some

21 D1 wtd
1\0‘7’ S,&‘M :fan&
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VCM will be taken with the HCl1l and this wlll ex-
haust from the top of 21D2 if unabsorbed; however, =
this amount should be small and will not constitute ™\
sheor 3P a fire or toxliec hazard. Po e ka,a{

) 2206

L (0 har = PoopXe T Py Qo Shr o K

Again the richest VCM-EDC mixture 18 about 20 moleuli
percent VCM. Only small amounts of VCM would be
4, TN , Stripped out as the liquid on the trays heated up.
“Yor 41t % RHC1 would be stripped out but, if vented to 22D5,
,Qaﬁzcﬂ' would end up in 21D2.

2207 e
. Y ‘6‘
Qan- dws., Here the hold-up of fairly pure VCM (rectifying T~ ﬁ
Y section) is about 2,000 lbs. It is suggested that .,k “
S aete el we take the exhaust from this columm to 22D5. If we ,..&l¢
circulate oll over 22D5,the VCM will be absorbed.

22p8,9,10 & 11

Qliss. Wi These columns contain EDC which at 100°F has a vapor odd N(ﬁw\
Mo eurk ¢ pressure of only 3 psia; therefore, 1in case of shut- < U, ..l
‘ down, these columns would cool and actually pull a Vot vieo
JHam P .vacuum rather than deveiop a pressure. Fube
From the above, it appears that we should make pro-
o c “yisions to eirculate water in 21D2 and lean oil in 22D5
Crelive b during a shut-down occasioned by power failure. Vapors
“ 1\ ov” A2 from 22D6 and 22D7 will be vented to 22D5. Vapors from
N “z%?} 22D5 will be vented to 21D2 and any off-gas from this col~
um will be vented to the atmosphere. Provisions should
also be made to vent the VCM Reactor Condenser (22E1l) to
22D5.

:Iﬂ:; In case of a fire in the area the rellef valves would pop
and organics such as VCM and EDC would be vented. HC1
would also be vented if the capacity of 21D2 were exceeded.
The toxic limits of EDC and VCM are of interest, as are
the inflammable limits in air. These properties are listed
below; benzene 1s included for comparison:

Bz YCM 1-1DCE 1-2DCE = b
Toxlelty About

(Max. Safe Air Conc. _ 30 ppm 500 ppm 100 ppm 75 ppm
for Extended periods) —_

Explosive Limits 1.5-8% 4-21.7% ? 6.2-15.9%
Boiling Point 8o*¢ 13.9°C 57.25°C 83.5°C
Molecular Weight 78 62.5 a9 99 1oy
frir  appet e ” ” el
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It can be seen that the materizis handled are not very

toxic in nature but do have low flammable limits and are

heavy gases. The possibility of thesé gdses settling

and catching fire in another/area does exist, although Stiww~
this possibility is minlmized as the vents will be well S"UV\CJ(
elevated and the normal wind velocity is high, which deorees,
makes for good dispersion.

The opinion of people recelving copies of this letter

18 soliecited. The writert's opinion 1s that a flare for
the area 1s not required. Facilities should be provided
to assure the opz2ration of 21D2 and 22D5 during shut-downs
occasioned by power failures. The followling general

rules will be used in determining venting regquirements:

(1)  Streams containing HC1l should be vented to

21bz.,
Dfi .
(2) 5 Streams containing VCM should be vented %o
21D5.
+¥nd >
{3} Streams containing EDC should be vented to ;
atmosphere.,

A detailed diagram of rellef points, valve settings and
points of discharge 18 attached. Common vent headers

can be used where convenient. ALtmospheric discharge points
ghould be elevated above the highest point in the strue-
ture in the immediate vicinity, and should be protected

by flame arrestors.

il

t Sttomnam ot )
“ Wtk H. Aimbon

Walter H. Stanton

WHS:mly
Ene.
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