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of Delaware

Application September 4, 1951, Serial No. 244,960
12 Claims. (Cl 23—259.5)

This invention relates to a safety system. In another
aspect, it relates to a system for preventing explosions in
plant operations involving the burning of a combustible
mixture. In still another aspect, it relates to a safety
system for a carbon black plant.

in processes where combustible mixtures are burned,
the vessels and lines containing the reaction gases may be
subject to an increase in oxygen content in the event
of a pressure failure in the system due to the entrance
of air to the zone of reduced pressure. Such an increase
in oxygen content may result in the formation of an ex-
plosive mixture in the lines and vessels of the plant.

This is particularly true of a carbon black plant where-
in a vaporized hydrocarbon charging stock is cracked
under severe conditions within a plurality of reactors in
the presence of gases resulting from the combustion of
fuel gas and air. From the reactors, the effluent gas
containing carbon black is fed through suitable headers
to a precipitator unit wherein the carbon black is electro-
statistically separated from the gases, which pass to the
atmosphere through a stack. The plant may also include
one or more cyclone separators to effect further separa-
tion of the carbon black from the effluent gases. The
effluent from the reactors in such a plant contains sub-
stantial quantities of hydrogen and carbon monoxide.
During the normal operation oi the plant, sufficient oxy-
gen is not present to provide a combustible or explosive
mixture.

When a shut down occurs resulting, for example, from
a power failure, the blowers supplying air to the process
are disabled, thereby reducing the pressure in the sys-
tem. As a result, air may enter the precipitator through
the stack, the oxygen therein mixing with the hydrogen
and carbon monocxide in the effluent gases to produce an
explosive mixture, which is set off through contact with
the heated surfaces of the equipment. Further, when the
current supply to the blower motors is interrupted, the
blowers may continue to supply air to the process for a
short time due to their inertia, and the air thereby in-
troduced may form an explosive mixture with the afore-
said hydrogen and carbon monoxide. It is also readily
apparent that the formation of an explosive mixture may
be facilitated if the supply of fuel gas io the system is not
rapidly interrupted when a shut down occurs.

In accordance with this invention, a safety system is
provided with a number of cooperating elements to pre-
vent the existence of an explosive mixture in the system in
the event of a shut down. When the pressure in the
system decreases, the precipitator dampers are closed and
a supply of purge gas is fed to the precipitator unit. In
this manner, a superatmospheric pressure is maintained
in the system so that air cannot enter through the pre-
cipitator stack with resultant formation of an explosive
mixture. Further, when the pressure of the air supply
to the process decreases to such an extent that the pres-
sure in the system is unduly lowered, the supply of fuel
gas to the reactor is cut off, a novel pneumatic control
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system being provided to effect quick closure of a valve
in the gas supply line, and a vent pipe in the gas line is
opened to bleed the fuel gas from the section of the line
between the shut off valve and the reactor. As the pres-
sure in the air supply conduit drops through a marginal
operating range, which begins at a pressure substantially
below the normal operating pressure and ends at the
critical pressure at which the gas supply is interrupted,
the supply of gas is reduced in accordance with decreases
in air pressure within such marginal operating range.

The safety system also incorporates shut off valves for
closing off the air supply to each individual reactor at a
point immediately upstream of the reactor, and, in the
event of a power failure, a solenoid operated valve causes
closure of a valve in the air line just downstream of the
electrically-operated blowers to prevent the supply of
further air to the system through the inertial effect of
the blower. In this manner, the supply of air and gas
to the system is so controlled in cooperation with damper
control of the preciptator and the supply of purged gas
thereto as to prevent the occurrence of a mixture of ex-
plosive composition within the systemn.

Although the safety system has been briefly described
in connection with a carbon black plant, it will be under-
stood that certain principles of the invention are applicable
to many other types of systems involving the burning
of a mixture of fuel gas and air with or without other
reactants.

It is an object of the invention to provide an improved
safety system for a plant where combustible or explosive
mixtures may be formed in the reaction lines and vessels.

It is a further object to provide an improved safety
system for a carbon black plant.

Various other objects, advantages and features of the
invention will become apparent from the following de-
tailed description taken in conjunction with the accom-
panying drawings, in which:

The figure is a flow diagram of a carbon black plant
utilizing the safety system of this invention.

Referring now to the drawing in detail, the safety system
of this invention is shown in connection with a carbon
black plant including a reactor 16 to which process air un-
der pressure is fed by a conduit 11 and to which fuel gas,
such as natural gas, is supplied under pressure by a line
12. A vaporized hydrocarbon, such as a heavy gas oil, is
supplied to the reactor from a storage tank 13 through
a main charge pump 14. This pump is driven by a motor
15 which is supplied with current from an alternating
source 16 through a switch 17. The products leave the
reactor through a header 18 which leads to an electro-
static precipitator 19 to separate the carbon black from
the effluent gases. A stack 29 is provided for the gases,
and the black is collected from the precipitator in the
usual manner. A damper 21 regulates the size of the
orifice in the stack 29. .

Although the carbon black plant ordinarily includes
a number of reactors, we have shown only one reactor
as the manner in which the safety system applies to the
other reactors will become readily apparent from the
following description. :

It will be understood that the effluent from all the
reactors can go to a common precipitator or, alternatively,
individual reactors or groups of reactors can be provided
with individual precipitators. Furthermore, other sep-
arating devices, such as bag filters or cyclone separators,
can be incorporated in the system in conjunction with the
precipitator 19.

Each reactor is supplied with separate inlet and ef-
fluent lines and associated equipment in the manner shown
in connection with the reactor 10 of the figure. These
lines and associated apparatus include a: branch conduit
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11a for supplying air under pressure to each reactor, a
branch line 12a for supplying gas under pressure to each
reactor, a preheater furnace 21 for vaporizing the hydro-
carbon charge and -a valve 22 controlling the supply of
vaporized hydrocarbon to the reactor.

Preferably and advantageously, the reactor is of the
type shown in Patent No. 2,564,700 to J. C. Krejci and
includes a cylindrical reaction chamber to which the
vaporized hydrocarbon and air are admitted axially, the
air passing through a branch conduit 116 to a tube 23
surrounding the oil injection nozzle. The gas from branch
line 12 is mixed with air passing through a branch con-
duit 11c in a burner 24, the combustible gas-air mixture
thence entering the reactor in a tangential direction. In
this manrer, the axial hydrocarbon stream is surrounded
by a spirally swirling blanket of combustion gases which
severely cracks the hydrocarbon vapors to forin carbon
black. The effluent from the reactor, therefore, con-
sists of carbon black suspended in a stream of flue gases
which may .contain as much as 12 percent hydrogen and
as.much as 2 or 3 percent carbon monoxide. Since the
air and fuel gas are introduced in substantially stoichio-
metric proportions, however, the oxygen in the air is
normally consumed during combustion so that the amount
of oxygen in the flue gas is insufficient to form a com-
bustible or explosive mixture.

The safety system of our invention includes a pressure
controller 25 which is connected by a line 26 to the
header 18 and which produces an output air pressure
proportional to the pressure in header 18. This output
pressure is transmitted by a line 27 to a pneumatic mo-
tor 28 incorporating a piston, not shown, which is con-
trolled by the pressure in line 27 to raise and lower a rod
29 in accordance with the pressure in header 18. Red 29

is connected to damper 21 by a mechanical linkage which °

includes a lever 39 fulcrumed at 31 to the motor 28, this
lever being connected by a link 32 to a lever 33 pivoted
at 34 to a standard 35, the ends of lever 33 being con-
nected, in turn, to the damper 21 by cables 36.

Controller 25 is set so as to tend to maintain a con-
stant superatmospheric pressure within the precipitator
19. 'To this end, controller 25 can be set so that, as the
pressure in header 18 decreases, the damper 21 closes in
a proportionate manner to limit the escape of flue gas
from the precipitator, and thereby tend to maintain the
aforesaid constant superatmospheric pressure therein. Al-
ternatively, controller 25 can be set so as to abruptly
close damper 21 when the pressure in header 18 falls
below a predetermined value.

Cooperating with the described damper control sys-
tem is a purge gas unit which includes a line 38 for con-
veying purge gas, such as natural gas, under pressure to
the interior of precipitator 19. The supply of purge gas
is controlled by a normally closed pneumatically-operated
valve 39 regulated by a pressure controller 46 which, in
turn, is controlied by the air pressure in conduit 131. Nor-
mally, the pressure in conduit 11 is about four pounds
per square inch gauge and this pressure normally causes
controller 48 to maintain valve 32 in closed position.
When the pressure in air supply conduit 11 drops below
a predetermined value, such as one pound per square
inch gauge, controller 40 operates to open valve 39 and
supply purge gas under pressure to the precipitator. Ac-
cordingly, the damper control mechanism and purge gas
System cooperate to maintain a superatmospheric pres-
sure in precipitator 19 at all times even when the supply
of air to the plant fails. This prevents air from entering
the precipitator through stack 20 and the resultant forma-
tion of a combustible mixture through mixing of the oxy-
gen in the air with a hydrogen and carbon monoxide in
the effluent gases from the reactor.

Process air is supplied to the plant by a system incor-
porating a blower 42 feeding the main air supply con-
duit 11, ‘Blower 42 is driven by an.electric motor. 43
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which is connected to a polyphase alternating current
source 44 through a switch 45. ~ A power failure in the
plant is the most frequent cause of shut down of the
equipment. When the power supply is interrupted, the
blower continues to operate for a short period of time
due to its inertia, thereby tending to force air into the
reaction system with resultant formation of a combustible
mixture.

In accordance with our invenfion, this is prevented
by providing a pneumatic motor valve 46 in air conduit
11 just Gownstream of the blower 42. This valve is nor-
mally maintained in open position by air pressure from
a source 47 of instrument air which is transmitted
through a pressure regulator 48 and a control line 49.
Incorporated in the control line 49 is a solenoid-operated
three way bleed valve 59 having an operating winding 51
connected by a transformer 52 with two phases of the
polyphase current supply for the motor 43. Solenoid
winding 51 is energized while the motor is operating nor-
mally so that air is supplied through control line 49 to
the valve 45. When the current supply fails or is turned
off by switch 45, solenoid winding 51 is de-energized,
thereby causing valve 59 to bleed air from control line
49 with resultant closure of pneumatic valve 4¢. In
this manner, the supply of air to conduit 11 is imme-
diately interrupted and no further air is supplied to the
system by rotation of the blower 42 due to inertia. If
desirad, transformer 52 can be connected to the supply
conductors between the switch 45 and current source 44
so that valve 46 is closed only in response to failure of
the current source, and not when switch 45 is opened.
it will be noted that failure of the current also interrupts
the operation of motor 15 driving charge pump 14 so
that the supply of vaporized hydrocarbon charging stock
to the reactor is iaterrupted when the current source fails.

In accordance with cur invention, when the air pres-
sure in conduit 11 drops below a critical value, the air
supply to each individual reactor is closed at a point im-
mediately upstream of the reactor. To this end, a pneu-
matically operated motor valve 54 is provided in each
branch air conduit 11a immediately upstream of the asso-
ciated reactor 16. Each valve 54 is supplied with air
under pressure from an instrument air pipe 55 so as to
normally maintain it in open position. Pipe 55 reccives
instrument air from source 47 through a pressire regu-
lator 56, and the pipe is provided with a pressure gauge
57 and a relief valve 58. Inserted in the pipe 53 is a
pneumatically operated three way bleed valve 59 con-
trolled by a pressure regulator 69. The sensing element
of this reguiator, in turn, is actuated by air pressure in
a control line 61 connected to conduit 11. When this
pressure drops telow a critical value, for example, one
pound per square inch gauge, regulator 6¢ operates valve
$3 so as to bleed air from pipe 55. The resulting reduc-
tion in pressure in this pipe causes each valve 54 to close
thereby stopping the flow of process air to each individual
reactor,

The safety system of our invention further includes
means for interrupting the supply of gas to the main
supply line 12 when the zir pressure in conduit 1 falls
below the critical value, Further, when the condzit air
pressure is within a marginal operating range, the sup-
ply of gas to line 12 is decreased in proportion to de-
creases in air pressure within such marginal operating
range. This marginal rangs can be from 2.5 to 1.0
pounds per square inch gauge where the normal air pres-
sure is four pounds per square inch gauge. Thus, when
the air pressure is in a normal operating range above 2.5
pounds per square inch gauge, the safety device doss not
function and the gas supply is uninterrupted. As the
air pressure falls from 2.5 to 1.0 pounds per square inch
gauge, the air pressure is reduced in a proporticnate man-
ner and, when the pressure falls below this marginal op-
eraling range, the gas supply is completely interrupted.

To this -end, the sensing -element of a pressure -con-

a4



2,785,960.

B
troller 63 is connected through line 61 to main air con-
duit 11. Pressure from this controller is transmitted
to a pneumatically operated motor valve 64 through a
control line 65 in the gas line 12 to normally maintain
it in open position. A vent pipe 66 communicates with
control line 65 through a pressure operated valve 67.
When the pressure in conduit 11 falls below the critical
value, controller 63 releases the pressure in control line
65 thereby tending to close valve 64. Such pressure
reduction causes valve 67 to open, thereby permitting
the fluid in contro! line 65 to escape very rapidly through
vent pipe 66, with the result that the closing action of
valve 64 is extremely rapid. In this manner, the sup-
ply of gas to line 12 is rapidly interrupted when the
pressure in air conduit 11 falls below its critical value.

Controller 63 also supplies air to one sensing element
of a pressure regulator 68. This regulator also has an
additional sensing element communicating with gas line
12 through a pipe 69. Regulator 68 controls a pneu-
matically operated valve 7€ in the gas line 12. When the
air pressure in conduit 11 is within a normal operating
range, for example, above 2.5 pounds per square inch
gauge, valve 70 is fully open. As the air pressure de-
creases within a marginal operating range, as from 2.5 to
1.0 pounds per square inch gauge, valve 70 is gradually
closed, thereby proportionately decreasing the supply of
gas through line 12 to the reactors. Of course, when the
air pressure falls below the critical value of 1.0 pound
per square inch gauge valve 64 is rapidly closed to com-
pletely interrupt the gas supply.

It will be noted that a branch conduit 71 leads from
line 12 between valves 64, 70 to the preheater furnaces
so that the gas supply thereto is cut down proportionately
when the air pressure is within the marginal operating
range but is not completely interrupted during the shut
down.

During a shut down, it is also desirable to prevent as
much of the gas in line 12 as possible from entering the
reaction system. To this end, a vent pipe 72 com-
municates with gas line 12 downstream of valve 64.
Vent pipe 72 is provided with a pneumatically operated
motor valve 73 which is normally held in closed position
by air pressure supplied from instrument air pipe 55
through a control line 74. Thus, when air is bled from
pipe 55 responsive to a drop in pressure in conduit 11 be-
low the critical value, valve 73 is opened and the gas in
line 22 is vented to the atmosphere through pipe 72.

It is a feature of the invention that valves 39, 46, 54,
and 64 are provided with a delatching mechanism so
that these valves must be manually reset before air or
gas can be supplied to the reaction system after a shut
down. In this manner, premature entrance of air to the
system during a subsequent starting up of the system is
effectively prevented. Also, it will be understood that
each pressure controller or regulator receives instrument
air under pressure through a line, not shown, for actua-
tion of the valve controlled thereby.

The overall operation of the system is as follows when
a power failure occurs, it being understood that other
parts of the system are operated in the manner already
described when a shut down occurs for some reason
other than a power failure. The failure of power causes
motors 15, 43 to stop, thereby interrupting a supply of
vaporized hydrocarbon to the reactor 10 and causing im-
mediate closure of valve 46 through the operaticn of
solenoid valve 5@ to close the main air supply conduit
and prevent air from entering the system as the blower
continues to turn due to inertia. Responsive to the re-
sulting drop in air pressure in conduit 11, the valve 64
is quickly clesed, thereby cutting off the supply of gas
to the system. Further, air is bled from instrument pipe
53, thereby closing the valve 54 upsiream of each reactor
and stopping the flow of air into the system at these points.
Further responsive to the bleeding of air from pipe 35,
vent valve 73 opens to permit the gas in line 12 to escape
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to the atmosphere. The interruption of the air supply
also reduces the pressure in header 18 causing damper
21 to close, and purge gas is supplied through line 38
responsive to the opening of valve 39 to maintain a super-
atmospheric pressure in precipitator 19, thereby prevent-
ing the entrance of air into the system through stack 29.

if the air pressure falls to a point within the marginal
operating range, but not below the critical value at which
a shut down occurs, the supply of gas to line 12 is re-
duced in proportion to the drop in air pressure within
such marginal operating range with resultant cut back of
the gas supplied to the reactors and preheater furnaces.

It will be evident, therefore, that we have achieved the
object of our invention providing a safety system which
prevents the formation of an explosive mixture in the
system during a shut down period, and which reduces
the supply of gas to the system when the air pressure falls
to'a marginal value.

While the invention has been described in connection
with a present, preferred embodiment thereof, it is to be
understood that this description is illustrative only and is
not intended to limit the invention.

We claim:

1. In a plant for producing carbon black including a
reactor, an electrostatic precipitator -having an inlet and
a gas outlet, a damper in the precipitator gas outlet, and
a header for conveying reaction products from said re-
actor to the inlet of said precipitator, a safety system which
comprises sensing means responsive to a drop in pressure
below a predetermined value in said header, and a motor
controlled by said sensing means and connected to said
damper for fally closing said damper in response to such
drop in pressure.

2. In a plant for producing carbon black including a
reactor, a conduit for supplying air under pressure to said
reactor, a line for supplying gas under pressure to said
reactor, an electrostatic precipitator having an inlet and
a gas outlet, a damper in the precipitator gas outlet, and
a header for conveying reaction products from said re-
actor to the inlet of said precipitator, a safety system
which comprises means for clesing a valve in said gas
line and a valve in said conduit when the air pressure in
said conduit falls below a predetermined value, means
responsive to a drop in pressure below a predetermined
value in said header for closing said damper, a source of
purge gas under presure, and means for admitting said
purge gas to said precipitator when the air pressure in
said conduit falls below said predetermined value.

3. In a plant for producing carbon black including a
reactor, a conduit for supplying air under pressure to said
reactor, a valve in said conduit, a line for supplying gas
under pressure to said reactor, a valve in said line, an
electrostatic precipitator having an iniet and 2 gas ontlet,
a damper in the precipitator gas outlet, and a header for
conveying reaction products from said reactor to the inlet
of said precepitator, a safety system comprising a pressure
regulator controlled by the air pressure in said conduit and
connected to said valve to reduce the gas pressure in said
line in proportion to decreases in said air pressure within
a marginal operating range, and means for closing said
valve in said conduit and said valve in said gas line when
the conduit pressure falls below said marginal operating
range, a control linkage connected to said damper, and
a pressure regulator controlled by pressure in said header
and arranged to regulate said linkage to close said damper
as the header pressure falls within a predetermined range.

4. In a plant for producing carbon black including a
reactor, a conduit for supplying air under pressure to
said reactor, a valve in said conduit, a line for supplying
gas under pressure to said reactor, a valve in said line,
an electrostatic precipitator having an inlet and a gas
outlet, a damper in the precipitator gas outlet, and a
header for conveying reaction products from said reactor
to the inlet of said precipitator, a safety system compris-
ing a pressure regulator controlled by the air pressure
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in said conduit and connected to said valve to reduce the
gas pressure in said line in proportion to decreases in said
air pressure within a marginal operating range, means
for closing said valve in said conduit and said valve in
said gas line when the conduit pressure falls below said
marginal operating range, a contro} linkage connected to
said damper, a pressure regulator controlled by pressure
in said header and operatively connected to said linkage
to effect closure of said damper as the header pressure
falls within a predetermined range, a source of purge
gas under pressure, and means for admitting said Durge
gas to said precipitator when the pressure in said conduit
falls below said predetermined value.

5. In a carbon black plant including a reactor, a con-
duit for supplying air under pressure to said reactor, a
line for supplying fuel gas under pressure to said re-
actor, and means for supplying a vaporized hydrocarbon
charging stock to said reactor, a safety system which
comprises pneumatically-actuated valves in said gas line
and said air conduit, a pressure controller actuated by
pressure in said conduit and connected to said valve in
the gas line to decrease the flow of gas through said line
in proportion to decreases in air pressure within a
marginal operating range, means for supplying air under
pressure to both valves to normally maintain them in
open position, and means responsive to a drop in pres-
sure in said air conduit below said marginal operating
range to bleed the air from both paeumatically-operated
valves and thereby close said valves.

6. In a carbon black plant including a reactor, a con-
duit for supplying air under pressure to said reactor, a
line for supplying fuel gas under pressure to said re-
actor, and means for supplying a vaporized hydrocarbon
charging stock to said reactor, a safety system which
comprises pneumatically-actuated valves in said gas line
and said air conduit, a source of instrument air under
pressure, an instrument air pipe connected to said source,
means for bleeding air from said pipe, means transmitting
the pressure in said pipe to said pneumatically-operated
valve in said conduit, a pressure regulator controlled by
air pressure in said conduit and connected to said bleed-
ing means to bleed air from said pipe responsive to a
drop in said pressure below a predetermined value, a sec-
ond pressure regulator controlled by pressure in said con-
duit, a line for supplying air connecting said second pres-

. sure regulator to the pneumatically-operated valve in said
gas line so that said valve is closed when said air pres-
sure in said conduit drops below a predetermined value.

7. In a carbon black plant including a reactor, a con-
duit for supplying air under pressure to said reactor, a
line for supplying fuel gas under pressure to said reactor,
and means for supplying a vaporized hydrocarbon charg-
ing stock to said reactor, a safety system which com-
prises pneumaticaliy-actuated valves in said gas line and
said air conduit, a source of instrument air under pres-
sure, an instrument air pipe connected to said source,
means for bleeding air from said pipe, means trans-
mitting the pressure in said pipe to said pneumatically-
operated valve in said conduit, a pressure regulator con-
trolled by air pressure in said conduit and connected to
said bieeding means to bleed air from said P pe responsive
to a drop in said air pressure below a predetermined
value, a second pressure regulator controlled by air pres-
sure in said conduit, a control line for supplying air
connecting said second pressure regulator to. the. pneu-
matically-operated valve in said gas line so that said valve
is closed when the air pressure in said conduit drops be-
low a predetermined value, an auxiliary vent pipe con-
nected to said control line, and a pneumatic valve in
said vent pipe controlled by pressure in said control line
to quickly bleed air from said control line when the pres-
sure therein falls below a predetermined value, thereby
to effect a quick closing of the valve in said gas line.

8. In a carbon black plant including a reactor, a con-
duit for supplying air under pressure fo said reactor, a
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line for supplying fuel gas under pressure to said reactor,
and means for supplying a vaporized hydrocarbon charg-
ing stock to said reactor, a safety system which comprises
pneumatically-actuated valves in said gas line and said air
conduit, a source of instrument air under pressure, an
instrument air pipe connected to said source, means for
bleeding air from said pipe, means transmitting the pres-
sure in said pipe to said pneumatically-operated valve in
said conduit, a pressure regulator controlled by air pres-
sure in said conduit and connected to said bleeding means
to bleed air from said pipe responsive to a drop in said
air pressure below a predetermined value, a second pres-
sure regulator controiled by pressure in said conduit, a
control line for supplying air connecting said second
pressure regulator to the pneumatically-operated valve
in said gas line so that said valve is closed when said air
pressure drops below a predetermined value, a vent pipe
communicating with said gas line at a point between the
valve therein and said reactor, a normally closed pneu-
matically-operated valve in said vent pipe, means for
supplying air from said instrument pipe to said last-
mentioned valve to normally maintain it in closed posi-
tion, said valve opening when air is bled from said in-
strument pipe, a third pressure regulator controlled
jointly by the outlet air pressure of said second regu-
lator and by pressure in the gas line downstream of the
pneumatically-operated valve therein and connected to a
valve in said gas line to reduce the rate of flow of gas
through said gas line in proportion to decreases in air
pressure within a marginal operating range.

9. In a carbon black plant including a reactor, a con-
duit for supplying air under pressure to said reactor, a
blower for supplying air under pressure to said conduit,
an electric motor connected to said blower for driving
said blower, a current source for said motor, a gas line
for supplying fuel gas under pressure to said reactor,
and means for supplying a vaporized hydrocarbon feed
stock to said reactor, a safety system which comprises a
puneumatically-operated valve in said gas line, a pair of
pacumatically-operated valves in said conduit, one valve
being positioned immediately upstream of said reactor
and the second valve being positioned immediately down-
stream from said blower, a pressure regulator controlled
by the air pressure in said conduit between said valves
and connected to ome valve in the conduit and said valve
in the gas line for closing said one valve in the conduit
and said valve in the gas line when the conduit pressure
falls below a predetermined value, and a solenoid valve
connected to and controlling said pneumatically-operated
valve downstream of said blower, said solenoid valve
having an operating winding connected in circuit with said
current source and said motor to effect closure of said
downstream valve upon occurrence of a power failure.

10. In a carbon black plant including a reactor, a con-
duit for supplying air under pressure to said reactor, a
line for supplying fuel gas under pressure to said reactor,
a blower connected for supplying air to said conduit, a
motor connected to said blower for driving said blower,
a current source for said motor, an electrostatic precipi-
tator, having an inlet and a gas outlet a damper in the
precipitator gas outlet, and a header connected for con-
veying reaction products from said reactor to the inlet
of said precipitator, a safety system which comprises a
pneumatically-operated valve in said gas line, a pair of
pneumaticaliy-operated valves in said air conduit, one
valve being positioned immediately upstream of said
reactor and the other valve being positioned immediately
downstream of said blower, a pressure controller respon-
sive to air pressure in said conduit and connected to close
the valve in said gas line and said valve upstream of said
reactor when the air pressure drops below a predeter-
mined value, means connected in circuit with said motor
and said current source to effect closure of said valve
downstream of said blower responsive to a power failure,
a pressure controller responsive to pressure in said header
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connected to close said damper when the header pressure
falls below a preselected value, and means responsive to
the air pressure in said conduit for admitting a purge
gas to said precipitator when the air pressure in said
conduit falls below said predetermined value,

11. A safety system for a process wherein fuel gas is
burned with air which comprises, in combination, a re-
actor, a conduit for supplying air to said reactor, a line
for supplying gas to said reactor, a pressure controller
having sensing devices in said line and said conduit, and
connected to maintain a predetermined relationship be-
tween the pressure in said line and the pressure in said
conduit when the latter pressure is within a marginal
operating range, a pnenmatically-operated motor valve in
said line, a pipe connected for supplying air from said
pressure controller to said valve to normally maintain
it is open position, a vent conduit communicating with
said pipe, a normally closed valve in said vent conduit,
and means for opening said normally closed valve when
the pressure in said pipe drops below a predetermined
value, thereby to rapidly bleed air from said pneumati-
cally-operated valve in the gas line and rapidly close
same.

12. A safety system for a process wherein fuel gas is
burned with air which comprises, in combination, a reac-
tor, a conduit for supplying air to said reactor, a line for
supplying gas to said reactor, a pressure controller having
sensing devices in said line and said conduit, and connected
to maintain a predetermined relationship between the
pressure in said line and the pressure in said conduit when
the latter pressure is within a marginal operating range,
a motor valve in said line controlled by the pressure
in said conduit to stop the flow of gas through said line
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when the conduit pressure falls below said marginal oper-
ating range, an instrument air line, means for bleeding
said instrument air line, a pressure controller responsive
to conduit pressure and connected to said bleeding means
for bleeding air from said air line when the pressure in
said air conduit falls below a predetermined value, a
pneumatically-operated valve in said conduit upstream
of said reactor, and means for applying air from said in-
strument air line to said valve to normally maintain it
in open position.
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