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Investigations of the effect of steam
used as a combustion retarding apgent to pre-
vent the formation of free cearbon, or lamp
black by-product in the gasification of
-erudé oil by partial combustion to make

producer gas.



One of the most difficult problems in the develop-
ment of processes and generators for converting the low grade
crude olls into producer gas for use in internal combustion
engines, has been to prevent the formation cf excessive amounts
of tar and free carbon or lamp black as a by-producft.

These products, undef certain conditions, result
- Prom the dissociation of the hydroearbons of which the crude
011 1s formed. They have, owing to their tendency to adcumu-
late in the gas generators and gas pipes, been the chief cause
of all the failures of machines designed to make producer gas
from the low grade crude oils. These oils are chesp in price
and used almost exclusively in portions of the United Statéé
for the production of power.

~Previous to these investigations the production of
tar and free carbon by-product have been generally accepted
as unavoidable results in the gasification of crude oils by
- direct pmrtisl-combustion processes. Varlious means have been
devised for overcoming the difficulties which these by-pro-
ducts cause where csontinuous operation and produetion of gas
is requidread.

In one of the machines which has been comrmercial=-
ized & holder capacity is provided which permits of & suf-
ficient storage of gas to operate the engines during short
burnirgeout veriods. In this way the carbon accurulations

within the generator are burned out.

In another apparatues or system duplicate units arc



provided so that one generator cen be kept in operation while
the other is being cleaned. From an engineering standpoint
such machines are makeshifts and require considerable atten-
tion and labor to contend with & product which should not bve
formed.

In a generstor which I desicned for gasifying the
low—-grade asphaltum base crude oils of Southern California,
these carbon deposits are sccurulated in & bed of ceke where
they are held in = vermeable state on the surface of the coke
until gasified by slow partial combustion.

In the deveiopment of this generator, I found that
these carbon deposits became exoessive and necessitated oc-
cgsional applications of a poke bar to the coke bed to keep
1t 1n 8 tﬁvrogghly permeahle state. I therefore dedided to
make an investigation of the partial combustion of theAcrude
0il, which took place above the coke bed, in order to develop
if possible a method of controlliing the ariount of free carboﬁ
dgposited from the crude oil, by controlling the rate of com-
bugtion. '

These investigations extended over a period of more
than a year and were conducted on a 50 horse power unit Grine
Cil Gas Producer. A number of tests were condusted with var-
ious forms of atomizing nozzles, methods of introducing the
ailr for combustion, variations of the proportions of oil and
air and operat ion under pressure ahdr::ouum on the generator.

The greater part of these tests attempting to accomplish re-
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sults in a mechanical way were very disappointing and accomplish-
ed nothing towards solving the problem. These tests will not be
discussed and only those vhich had to do with the finsl solution
of the problem By the use of steam will be described.
The theoretical assumptions on which the tests with

steam as a combustlon retarding agent were based are as follows:-

| 1. If the ignition of the mixture of oil and air for com-
bustion could be returded in the combustion chamber above the fuel
bed, until the crude 01l had hecome sufficiently hot to flash and
disserinate, by reason of its rapid expansive property, thpaughout
the alr for combustion, an intimacy of contact between the fuel
and air would be secured, superior to eny which could vnossibly be
secured by mechanical means.

2. That when thie condition of dissemination snd intim-
ete contact of fuel and air was secured a homogeneous combustion
would result and destructive distillation and its consequent form-
ation of free c¢arbon dy-produet would be eliminated.

Previous experlence had rractically proven that the free
carbon by-praduct resulted from destructive distillation and de~
composition of vart of the crude 01l before it had dbeen drought
into contact with air for combustion.

The crude o0ils used in these investigations were low
grade asphaltum base Californla crude oils. These 0lls have a
specifie gravity of 12° Baume' to 20o Baurme'. An ultimate analy-

sis shows on a 14.5° Bgume' oil:~



The gas generating system consisted of a generator,
water tower scrubber and gas cooler, steam boiler, nositive
prescure air blower, rotaty gear 01l pump, and a centrifursal
water circulating pump for circulating the water used in scrub-
bing and cooling the gas. The water flowed from the overflow
pipe of the tower scrubber to a sump and was returned from there
to the top of the serubber by the circulating pump.

The generator consited of a verticig)cylindrioal steel-
shell 5% feet in diameter and 8 feet in heicht. It was lined
with refractory clay lining 9 inches thick giving an inside dia-
meter of 4 feet. In the top was a 10 inch diameter opening with
a removeble cover plate. This opening was used when sterting up
to charge coke into the generastor and as a stack opening while
heating up the generator. TNear the bottom and situated on the
side of the shell was a gas outlet-nozzle and opposite to 1t a
clean-out door. Just above the gas outlet-nozzle was & grate
of refractory=clay bars which spanned the generator and formed
a support for the bed of coke.

Tear the top and locasted on the side of the shell was
e saddle flange into the inner side of which was screwed a 3"
gatandard pipe which extended thoough the lining and formed &
passage for the air supplied for combustion. This 3" pipe had
& long thread which extended through the saddle flange and re-



ceived a Z" standerd Tee. The 0il atorizer entered this tee in the
back end of the rur and was dirccted horizontally into the air deli=
very nipe with the tip Just slightly beyond the inside of the lining.

The air dellvery pipe connecting the positive blower with
the generator entered the 3™ tee in the side outlet. 1In this air
lire was a low vpressure relief valve and a standazd 3™ service cock
for controlling the air}supply.

The errangement of {hese parts is shown in the attached
drawings which show a verticle cross section through the center of
the generator and a front elevation. |

The oil was punped fr9m a storage tank by a rotary gear-
pump and delivered to a pressﬁre supply-tank. This taﬁk was con~
rected to theeude-oil atonizee on the generator by a 5/8"‘pipe
in which was located a globe 'alye :qr controlling the supply of
011l to the atomizer. The pressure‘bn the 01l system was reguleted
to 35 pounds gauge by installing a relief valve in a return flow
pipe leading from the pressure supply tank back to tﬂa storage
tanks.,

The pop valve on the steam boiler supplying steam to the
generator was set for 75 pounds gauge pressure. The steam prese-
sure was reduced by means of a Davis Steam Pressure Regulator, to
35 pounds gauge pregsure at the atomizer. At the atomizer the
stear. 1ine wae divided into two branches, one leading inte the
atormizer and one to a connection on the lower side. of the 3" tee.
Bacli branch was fitted with a globe valve for'controlling the
amount of steam.

The process carried out in this epparatus is s follows:-
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The crude 0il is subjeoted to pertial cogpbustion with air in the
combustion chamber above the coke bed. This forms a combustible
gas of low heat value which carries iq suspensilon, tarry vapors
and free carhon in varjous quantities, depending unon the operat-
ing conditions. The products formed in the upper combustion
chamber are forced downward into and throughsﬁhe'bed of coke. The
coke bed is brought to an incandescent heat before gas making be-
gins. |

In passing through the bed of coke the tarry vapors are
broken down into light hydrocarbon gases and the free carbon is
filtered out and demrosited on the surface of the coke where it is
retained until gasified by combinatiorn with gases which pass into
the coke bed Incompletely carhonized.

After passing throuch the coke bed the gases acoumulate
in the chamber below the grate and pass from there thfough the gss
outlet nozzle to the water tower scrubbing and cdoling apparatus.
In this scmubber and coocler any by~-product wﬁiﬁh’haa”escaped from
the genersator is washed out and the gas is cooled.

The indicators by which proper conditions were determined
ir the tests, were partly chamical and partly physical. 1In practi-
cal work they are entire¢ly physical and the operator Judges-the
working conditions entirely by thé'observance of the aprpearance of
the fire in the combustion chamber above the fuel bed, by the ap-
pearance of a smali teétAfiamé'ﬁhioh 15 continually burned and by

examingtion of the amount and nattre of the by=-product being wash-
ed out in the sorubber.

For observing the condition of the fire in the combus-

tion chamber aboye the coke fuel bed, a glass covered peek hole
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is provided on a level with and somewhat to the right of the atom-
izer. Through this, the interior of the combustion furnace caen be
observed at all times.

In the tests to determine the effect of using steam to
control the combustion observations of temperaiure and ges ansly-
ses were made. In order to make clear the action of steam when
uged to reterd the combustion of the oil, it 1is necessary to des-
crive briefly the ordinary methods of burning crude oi1l. In practi-
cally all combustion furnaces using c ude oll as a fuel, a small
portion of the air for combustion or steam is used for atomiz ng.
the crudd o1l so as to bring it into contect with the alr for ocon~
bustion. Various forms of atomizers have heen derviged, 28ll of which
are designed to deliver to the combustion furnace on which they are
used, a mixture of crude 01l and sir, or steam in a more or less
finely divided state. A further supnly of air for combustion is
introduced around the atomizer or through air openings situated
below the atomizer. In the ordinary method ef combustion the rich
mixture of crude 01l and air ignites at the atomizey formirg a
loYig yellow hydrocarbon flame. In such cases there exists a core
oconsisting of a rish mixture of orude o0il and air surrounded by
an atmosphere of excess alr but not in intimate mixture with this
air. The defidlency of oxygen within this core to properly unite

with the elements of the hydrodarbons of the oil, causes & decom=

position of the crude o0il and a splitting off of light hydrocarbon

gases and the formation of free carbon from which the hydrogen has

been split off. This carbon does mot ignite readily in the presence



of inocoeming light hydrocarbons and remains as a by=-product residue.

In these investigations the flame condition at the atom=~
izer and its effect on the by-product production were closely ob-
served. It was found to be & very reliable indicator in the ad-
Justment of the steam supply.

Part of the steam used in the tests was used in atom—-
izer of my desipgr. This atomizing steam supprly was not varied as
the lond was practioelly constent giving an almost constant oil
suprly. The steam used in controlling the combustion was introd-
uced 4nto the air pipe surrounding the atomizer, through an aux-
1liery steam supply pipe and valve. The effect of introducing
the auxiliary; steam into the alr was to saturate it before 1t came
into contaet with the mixture of crude o1l and steam delivered from
the atomizer. |

The amount of 01l used was measured by calibrating the
storagﬁf tank iIn inches and fractions of an inch and determining
the weight of oil for each division.

The steam consum»tion was measured in pounds of water
evaporated in the amxiliary boiier. All the steam generated was
used in the producer and the fire was adjusted so as to prevent
popping off on the boiler.

The amount of steam was varied from that used only to
atomize the crude o1l up to three times by weight@‘the emount of
crude oil being used. In order to allow conditioné to become set-
tled on eaech test thé various proportionms of o1l snd steam were
maintained as near as possidble for a period of two hours. ‘Tha
effect of esch increase iﬁ steam supply was noted in its effect

on =



1. The condition of the fire in the combustion chamber
abOVevthe fuel bed of coke.

2. The appearance of the test flame.

3. The amount and pature of the by-product coming from
the water tower serubber.

4, Constituents of the gas.

A nurber of prelirinary tests were run in which no at-
tention was given to recording results. These were to get a gemeral
idea of handling the steam supply.

Before beginning the tests, the gensrator was heated up
to aprroximately 1400°F. During this heating up period, the gases
escaped vart of the time through the 10 inch opening in the top of
the renerator. After the combustion chamber had been brought to a
dull cherry red., heat the topeover was closed snd the waste gases
passed throuch the colre bed for a short veriod to heat it up. ALfter
passing through the coke bed, the waste cases escaped through a purge
pipe on the connection between the generator and scrubber.

After the generator had béen heated, the stack or purge
vipe valve was closed and the air and oil supply adjusted for nsk ing

an etenuant fuel or producer gas and this gas was passed through the

scrubber.
TEST #1.
0il consunmption ==---—-emmemm—— e 11.5 guals. per hr.
(Weight per gallon 7.86 pounds) 90.39 ;zunds.
Water evaporated on boller -==-«-----——-- 70 pounds per hour

Ratio of o1l to water was approximately, 01l : Water :: @ : 7
The amount of steam supplied in this test was no more than what is
ordinarily used in atomizing the crude o011 and the auxiliary steam
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valve was entirely closed. With these proportions the interior of the
combustion chamber was badly clouded with lamp-black or free carbon
and only occasional glimpses of the flame at the atomizer could be
seen.

The test flarme showed considerable red color'due to the free
carbon carried in suspension in the gas. The scrubber discharge water
showed an excessive amount of free carbon. This carbon however, was
very fluffy and dry and when rubbed in the hand, showed no tendency
to stick and comld easily be washed off. This carbon separated from
the water and floated on the top of the water in the sump. An analy-

sis of this gas made in s regulation Hempel gas analysis outfit, show=-

ed the following constituents. % By Volume.
Carbon Dioxide ---------omoemmmrcn e 7.0
OXYEEN ===-=m-mommmmmmmm o oo 0.0
0lefiBnt CE8e8 =——-——r=——mmmmmmmme—meem 1.0
Carbon lonoxide --——=—-=—cemmemem e 14.8
Methane =—--=---=——e-cmecmmcmen e e 5.1
Hydrogen ==—=—=------=—o—cromme e -- 6.4
Nitrogen by difference —-—-- ——— 65.5
TEST 2.
011 consumption ——-—————--mmm e 11.8 gals. per hr.
or

92.748 1lbs., " "
Tater evaporated by the boller ---------==- 95.25 pounds
The ratio of oil to water was approximately 0il:Weter::1:1

The condition of the fire in the cormbustion chamber above

the coke bed apneared slightly irproved and at tires the flame et the

atonizer could be seen distinctly. There wes still considerable free
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darbon clouding the fires.

The appearance of the test flame changed very little if
any. The carbon by-product discharged in the scrubber water was
less and of apparently the same consistency. The gas analysis
showed wery little change in the constituents.

% By Volume.

Carbon dioxide ---—=-=——=cew- - 7.0
Oxygen —-=~--—--------o—-o-ooo oo 0.0
Olefiant gases -—=-=—mmeececcme—— 1.0
Carbon monoxide --===-—====------ 15.0
lethane =-=—-c—cmomcmm e 5.4
Hydrogen =-----c-eemmmme e 7.0
Yitrogen by difference —=-—-=--- 64.6
TEST #3.
011 consumption -—==-recemrmcmceec e 11.5 gals. per hour

or
90.29 pounds " "

Tater evaporated by the boiler ------ 140 " n "

Ratio of 01l to water was approximately 011l : %ater :: 1 : 1.5

On thie test the auxiliary steam suprly was started. There
was a marked change in the anpearance.of the fire in the combustion
chamber above the coke bed. The cloudiness due to floating cerbon
decreased so that the o0il flame was plainly visibdé at the atomizer.
At times the o0il flame would cease and then flash up again. The
general appearence of the fire indicated a marked decrease in the
free ocarbon formed.

The test flame showed much less red color from carbon and
began to have a decided blue color.

The amount of by-product coming from the serubber was re-
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duced to less than half of that in the previous tests. The by-pro-
duct still apneared to be dry-free carbon or lamp-black, which floeted
on the surface of the water. The gas analysis showed little change
except in carbon dioxide and carbon monoxide and a slight increase

in the amount of olefiant gases.

% By Volume.

Carbon dioxide ——----eeeecaaoa 6.8
Oxygen =——-—-=—-=-—memmm 0.0
Clefiant Cases -=--=-—~=coeeuao 1.2
Carbon lMonoxide------=---—=--- 15.2
l'ethaine ---=--—ve-crcmeme o 5.4
Hydrogen -----—=—w-cmmmeoo 6.6
Titrogen by difference --~---- 65.0
TEST #4.
01l consumption =------mceoceeceao 11.5 gals. per hour.
90.39 pouﬁgs " "
Water evaporated by the boiler ----180 " " "

The ratio of 0il to water was approximately 011 : Water :: 1 :
%hen this prorortion of o0il to water was reached the flame
at the atomizer ceased entirely and the whole interior of the com-
bustion chamber above the coke bed cleared up so that the walls op-
posite the peek hole were visible through the contents of the
chanber.
This was evidently the critical point and this proportion

was maintained until its effect on the by-product could be closely
watched.

The test flame became vractienlly free from red color-

-12~



ation and was almost a ¢lear blue.

The by-product coming from the scrubber showed only a

small penciling on the surface of the water and was reduced aslmost

to nil.

A number of gas analyses were made and averaged.

Three

appeared to be 1little difference except in the amount of carbon

dioxide and Hydrogen.

Carbon dioxide -—-—-----

Nitrogen by difference

———————

@ By Volume.
6.2

67.4

A test was theh mede slishtly reducing the steam supoly

at the auxiliary valve.

"he mixture of 0il and steam at the atom—

izer imrmediately began alternately igniting and extinguishing in

flashes and rvhenever the flame was visible, the cloudiness due to

lamop black could be noted distinctly.

Increasing the steam at the

auxiliary supply valve supnressed the flame at the atomizer again

with the same clearing results.

TEST #5.

Ratio of o011l to water was apvroximately Cil : Water:: 1

The interior of the combustion chamber above the coke bed

L

2.5

becamy > slightly dull but not cloudy as when the fleme at the atomizer

was permitted.
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Near the end of the test the by~-product comins from the
scrubber showed a tendency to stick and roll together, whowing the
presenpe of tar. This indicated the use of too much steam and a
lowering of the temperature of the coke bed so that the tar would
not break down.

TEST #6.
The ratio of o0il to water was increased to approximately:-
Cil : Water :: 1 : 3.
The interior of the combustion chamber above the coke bed becsause
dull in a short time and considerable tar was discharpged from the
serubber.

The test flame showed considerable yellow color, due to
olefiant hydrocarbon gases.

This test was dlscontinued in a short tinme as it was
evident that the generator temperature was too low to gacify the oil.

The results obtained from these tests snd subsequent opera-
tion in accordance with instructions to operastors based on test #4
have proven the correctness of the assumptions on which I instituted
the tests and have deronstrated:-

1. That steam can be used to retard the combustion of the
mixture of o0il and steam until this mixture has been brought into
intimate contact with the air for partial corbustion of the crude
01l to forwm producer cas.

2. That a hounogeneous combustion, secured by such retard-

ation until intimacy of contect hetween the oil and air for rombus-

tion takes place, will vroduce practically no free carbon by-product.

2. That the critical point at whish the steam as a combus-

~14~



tion retarding agent is most effective and productive of the bhest
results 1s a ratio.of 01l to steam of awproximately, one part by
welpht of 01l to two parts by weisht of steam.

4. That the pvhysical indication of this oritical point
is when the flaming of the mixture of crude oil and steam at the
atomizer ust ceases and a clear, transparent condition of the
chamber in which the o1l is being gasified maiﬁtn&ﬁs

The method of retarding the nombunt}on b* qrude oil by
an auxiliary steam cuo-l1y to the =anir for cowbuution oF fhe crude
011 has since these invesiigations been ap¢lie6 fc a cerwaroial
plant using the Grine Crude Cil Gas Producer. The unit is operated
twenty four hours per day and no cleaning out or noking is neces-
sary.

2ractigally no by-product is formed and the efficiency is
20 to 25% better than that obtained when Pfrce carbon by-product in
excessive quantity 1 s formed.

Tho steam apparently does not enter into the chemical
reactions in the generator. A balance of the Hydrogen and Cxygen
aprearing in a pgiven volume of the gas, and the Iydrogen and Oxygen
contained in the crudé 07l and alr used to make the gas shows only
the amount of Ilydrogen contained in the o0il and Oxygen contsined
in the air.

The temperature, of the mixture is probably maintsined
below the temversnture at which the steam dlssociates to any extent

into its elements of Hydrogen and Uxygen, and the steam simply acts

as a carrier for the crude oil and a temperature deadener until the
flashing of the crude o0il and its dissemination in intimate mixture

with the alr takes place.
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