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57) ABSTRACT 
A solvent-bearing sludge material is pumped by a vari 
able speed positive displacement pump from a prepara 
tion mixing tank through a pressure responsive valve 
which distributes the material into the upper portion of 
an insulated distilling or processing vessel. Steam is 
introduced into the lower portion of the vessel and 
mixes with the material to volatize the solvents which 
are directed through a condenser and pump to a storage 
tank. Water and suspended solid particles are continu 
ously pumped from the bottom of the vessel to an insu 
lated settling tank where the solid particles settle and 
are continuously removed by a drag-out conveyor. The 
hot water in the upper portion of the settling tank is 
pumped back into the vessel, and may have sufficient 
velocity to increase agitation within the vessel, or a 
mechanical agitator may be installed within the bottom 
portion of the vessel. The continuous feed of material 
into the vessel and the continuous removal of hot water 
and suspended particles from the vessel cooperate with 
continuous separation and removal of the solid particles 
and the return of the hot water to the vessel to eliminate 
agglomeration of the solids within the bottom portion 
of the vessel and to provide for an effective and efficient 
solvent reclaiming process. 

11 Claims, 2 Drawing Figures 
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METHOD AND APPARATUS FOR RECLAMING 
soLVENTS FROM soLVENT-BEARING SLUDGE 

MATERIAL 
BACKGROUND OF THE INVENTION 

In the art of reclaiming hydrocarbon solvents from 
solvent-bearing waste sludges such as produced in the 
paint and dry cleaning industries, for example, as dis 
closed in U.S. Pat, No. 3,929,586, a material such as lime 
is mixed with the solvent-bearing sludge, and a batch of 
the mixture is fed into a processing vessel. Steam is 
introduced into the vessel to volatize the solvent, and 
the steam and the solvent vapor are directed from the 
vessel through a condenser from which the condensed 
solvent and water are pumped to a storage tank. The 
solids within the mixture are collected within the pro 
cessing vessel, and after a predetermined processing 
period, the hot water and solids are pumped from the 
vessel to a storage tank. Subsequently, the mixture is 
passed through a filter system which separates the solid 
particles or solids from the water so that the water may 
be reused within the processing vessel and the solids 
may be disposed of as waste. 
One of the problems resulting from collecting the 

solid particles within the processing vessel is that the 
particles tend to agglomerate into a solid mass which is 
difficult to remove from the vessel. When this occurs, 
the agglomerated mass of solids must be broken up into 
sufficiently small particles which can be pumped or 
otherwise removed from the bottom outlet of the vessel. 

SUMMARY OF THE INVENTION 

The present invention is directed to an improved 
solvent reclaiming system which is adapted for continu 
ous operation and for receiving a continuous supply of 
solvent bearing material. The system of the invention 
also provides for continuously removing water or other 
liquid carrier and suspended solids from the bottom of 
the processing or distilling vessel to prevent an accumu 
lation of solids within the vessel and to maintain a sub 
stantially constant liquid level within the processing 
vessel. While solids and hot water or liquid carrier are 
being continuously removed from the bottom of the 
vessel, the system further provides for settling of the 
solids from the liquid carrier in a settling tank and for 
simultaneously recirculating the liquid carrier back into 
the vessel. A mechanical agitator may be installed 
within the vessel or the water may be returned at a high 
velocity to produce agitation of the solvent-bearing 
material within the vessel with the hot liquid carrier 
within the vessel. As a result, the present invention 
provides for efficiently reclaiming a high percentage of 
the solvents from a solvent bearing material and also for 
producing solids which can be safely buried in the 
ground. 
Other features and advantages of the invention will 

be apparent from the following description, the accom 
panying drawing and the appended claims. 

BRIEF DESCRIPTION OF THE DRAWING 
FIG. 1 is a diagrammatic illustration of a system con 

structed in accordance with the invention for reclaim 
ing solvents from a solvent-bearing sludge material; and 
FIG. 2 is an enlarged axial section of a pressure re 

sponsive diffusing valve installed within the top portion 
of the processing vessel shown in FIG. 1. 
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2 
DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

As illustrated in FIG. 1, a solvent-bearing sludge 
material is supplied to two or more storage tanks 10 
which are provided with corresponding motor driven 
mixers or agitators 12. As mentioned above, typical 
solvent-bearing sludges or materials which may be 
treated by the process and apparatus of the present 
invention, include a residue sludge produced during the 
manufacturing of paint, a waste sludge containing an 
organic cleaning solvent, and "still bottoms' discharged 
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from a conventional solvent redistillation system. A 
material such as lime or flyash may be added to the 
sludge within a tank 10 and thoroughly mixed into the 
sludge by the agitator 12 to provide a seed or substrate 
for the volatile solvent, 
The sludge material or mixture is fed from the bot 

toms of the tanks 10 by a positive displacement pump 15 
which is driven by a variable speed electric motor. The 
pump 15 supplies the mixture through a line 16 to a 
distributing valve 18 located within the top of an insu 
lated distilling or processing vessel 20. As shown in 
FIG. 2, the distributing valve 18 generally includes a 
T-shaped valve body 22 having an inlet 23 connected to 
the line 16. The outlet of the valve body 22 is defined by 
an annular seat 24 which is normally closed by a spheri 
cal valve member 26 which is urged against valve seat 
24 by a coil tension spring 28. The spring 28 has one end 
connected to the valve member 26 by an I-bolt 29 and 
an opposite end connected by an I-bolt 31 to a closure 
cap 32 for the valve body 22. 
As the sludge mixture is pumped through the line 16 

at a predetermined flow rate selected by adjusting the 
motor for the pump 15, the mixture is distributed within 
the upper portion of the vessel 20 by an annular spray 
pattern 34 discharged between the spherical valve 
member 26 and the annular seat 24, as illustrated in FIG. 
2. In the event that this annular discharge orifice be 
comes clogged or blocked, for example, by a foreign 
object within the sludge material, the pressure increases 
within the line 16 and the valve member 24 responds to 
the increased pressure by moving downwardly and 
increasing the size of the annular orifice so that the 
foreign object is released. 
The cylindrical processing or distilling vessel 20 is 

insulated by a surrounding jacket (not shown) of insu 
lating material so that the heat loss from the vessel is 
minimized. The vessel 20 has a generally conical bottom 
wall 36 through which project steam supply tubes 37 
extending from a manifold 38 connected to a supply of 
pressurized steam. An outlet 41 is formed within the 
bottom center of the vessel 20 and is provided with a 
gate valve 42. 
As pressurized steam is introduced into the vessel 20 

through the steam supply tubes 37, a portion of the 
steam condenses within the vessel, and the hot water 
bath suspends the solids of the sludge mixture supplied 
to the vessel through the valve 18. The hot water within 
the vessel 20 is maintained at a level 45 which can be 
detected through an external sight glass 46. The water 
within the vessel 20 approaches a boiling temperature, 
and the hot water and steam escaping from the surface 
of the water volatizes or vaporizes the solvents within 
the sludge mixture distributed by the valve 18. The 
steam and volatized solvents are discharged from the 
vessel 20 through a line 48 which connects with a water 
cooled condenser 50. The condensed solvent and water 
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are discharged from the condenser 50 and are fed by a 
pump 52 to a solvent storage tank. 
The heavier solids within the bottom portion of the 

vessel 20 are held in suspension within the hot water by 
means of a motor driven agitator 54. The water and 
suspended solids are continuously discharged through 
the outlet 41 and are fed by centrifugal pump 56 
through a line 58 to a settling tank 60. The tank 60 has 
an inclined bottom wall 62 which supports an endless 
chain type drag-out conveyor 65. As solids or solid 
particles settle within the tank 60, they are continuously 
removed by the conveyor 65 and are collected within a 
suitable transport container 68. The hot water within 
the upper portion of the settling tank 60 is fed by a 
motor driven centrifugal pump 72 through a line 74 
back into the upper portion of the vessel 20. The return 
water may be fed through a line (not shown) extending 
downwardly within the center of the vessel 20 and with 
substantial velocity so that the water stream contributes 
to effective agitation of the solids within hot water in 
the lower portion of the vessel to hold the solids in 
suspension without using the agitator 54. 
The settling tank 60 and the fluid lines 58 and 74 are 

completely insulated to minimize heat loss during the 
settling process and during the recirculation of hot 
water. Another insulated line 76 connects the lines 55 
and 74, and a set of valves 77 and 78 are provided in the 
lines 76 and 58 to provide the option of direct recircula 
tion of the water and suspended solids and for bypassing 
the settling tank 60 in the event that the solids being 
pumped from the vessel 20 have a higher percentage of 
solvents than desired. 
From the drawing and the above description, it is 

apparent that the solvent reclaiming method and appa 
ratus of the present invention provides desirable fea 
tures and advantages. For example, the controlled con 
tinuous flow of solvent-bearing waste material into the 
distilling vessel 20 and the continuous flow of hot water 
and suspended solids from the bottom of the vessel 20 
into the settling tank 60 cooperate with the continuous 
removal of solids from the settling tank 60 by the drag 
out conveyor 65 and the continuous return of hot water 
through the line 74 to the vessel 20 to provide for a 
continuous and efficient solvent reclaiming system. 

In addition, the system avoids a build up or agglomer 
ation of solids within the distilling vessel 20 and within 
the settling tank 60, and thus eliminates the need for 
breaking up the solids and the associated down time of 
the vessel. The continuous system also provides for 
minimizing the volume of hot water in the vessel 20 and 
in the settling tank 60 so that heat loss from the water is 
minimized. As a result, the method and apparatus pro 
vide for recovering a high percentage of the solvents 
from a solvent-bearing waste material or sludge, for 
example, on the order of 85% to 90%, and the solids 
removed from the settling tank 60 by the conveyor 65 
have a very low percentage of solvents so that the solids 
may be safely placed in a land fill. 
The variable speed drive for the positive displace 

ment pump 15 also provides for precisely metering the 
solvent bearing waste material into the distilling vessel 
20 and may be adjusted to obtain the optimum recovery 
of solvents from the material within the vessel 20 ac 
cording to the amount of steam introduced into the 
vessel, the continuous feed of the water and suspended 
solids from the vessel 20 to the settling tank 60 and the 
return of the hot water from the settling tank to the 
vessel 20. It is also apparent that by closing the valve 78 
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4. 
and opening of the valve 77, the settling tank 60 may be 
bypassed so that the hot water and suspended solids are 
directly recirculated back into the vessel 20 for further 
processing, for example, if the suspended solids con 
tained an undersirably high percentage of solvents and 
should be further processed within the vessel 20. As 
mentioned above, the agitator 54 may be used to pre 
vent settling of suspended solids within the vessel 20 
and their agglomeration into a larger mass, thereby 
assuring the continuous removal of hot water and sus 
pended solids from the bottom of the vessel 20. 
Other desirable features are provided by the valve 18 

within the top of the distilling vessel 20. That is, the 
valve 18 not only provides for distributing the solvent 
bearing material within the upper portion of the vessel 
20 and to expose the material to the steam rising from 
the water level 45, but is also self-releasing in response 
to a pressure build up within the line 16 due to the 
positive displacement pump 15. Thus the valve 18 pre 
vents clogging and cooperates with the pump 15 to 
assure a continuous supply of material to the vessel 20 
so that the treatment process is not interrupted. 
While the method and form of apparatus herein de 

scribed constitute a preferred embodiment of the inven 
tion, it is to be understood that the invention is not 
limited to the precise method and form of apparatus 
described, and that changes may be made therein with 
out departing from the scope and spirit of the invention 
as defined in the appended claims. 
The invention having thus been described, the fol 

lowing is claimed: 
1. Apparatus for reclaiming a solvent from a solvent 

bearing material, comprising a distilling vessel contain 
ing a volume of liquid and defining a gas chamber above 
the level of the liquid, a first conduit extending from 
said chamber for directing a generally continuous sup 
ply of solvent bearing material to said vessel, means 
connected to said first conduit for spraying the solvent 
bearing material into said chamber above the level of 
the liquid, means for heating the liquid within said ves 
sel to hold the liquid at a generally constant predeter 
mined temperature for volatilizing the solvent within 
the material, a second conduit extending from said 
chamber for removing the volatilized solvent from said 
chamber, means for condensing the volatilized solvent 
removed from said chamber, means for agitating the 
liquid within the lower portion of said vessel for main 
taining solid particles in suspension within the liquid, 
means including a third conduit connected to the bot 
tom of said vessel for continuously removing a mixture 
of liquid and suspended solid particles from said vessel 
while solvent bearing material is being sprayed into said 
chamber above the liquid, means for continuously sepa 
rating solid particles from the liquid after the mixture is 
removed from said vessel, and means for continuously 
returning the liquid to said vessel after the solid parti 
cles are separated from the liquid to maintain a gener 
ally constant volume of liquid within said vessel and to 
minimize heat loss from the liquid. 

2. Apparatus as defined in claim 1 wherein said spray 
ing means comprise a substantially positive displace 
ment pump driven by a variable speed motor. 

3. Apparatus as defined in claim 1 wherein said means 
for separating solid particles from the liquid comprise a 
settling tank, and a conveyor extending into said tank 
for removing solid particles which settle within said 
tank. 



4,157,281 
5 

4. Apparatus as defined in claim 3 wherein said con 
veyor comprises an endless drag-out conveyor having 
an inclined run. 

5. Apparatus as defined in claim 1 including means for 
recirculating the mixture of liquid and solid particles 
from the lower portion of said vessel to said chamber 
within the upper portion of said vessel. 

6. Apparatus for reclaiming a solvent from a solvent 
bearing material, comprising a distilling vessel contain 
ing a volume of liquid and defining a gas chamber above 
the level of the liquid, a first conduit extending from 
said chamber for directing a generally continuous sup 
ply of solvent bearing material to said vessel, means 
connected to said first conduit for spraying the solvent 
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bearing material into said chamber above the level of 15 
the liquid, said means for spraying including a valve 
having a self-releasing pressure responsive valve mem 
ber effective to avoid clogging of said valve, means for 
heating the liquid within said vessel to hold the liquid at 
a generally constant predetermined temperature for 
volatilizing the solvent within the material, a second 
conduit extending from said chamber for removing the 
volatilized solvent from said chamber, means for con 
densing the volatilized solvent removed from said 
chamber, means for agitating the liquid within the 
lower portion of said vessel for maintaining solid parti 
cles in suspension within the liquid, means including a 
third conduit connected to the bottom of said vessel for 
continuously removing a mixture of liquid and sus 
pended solid particles from said vessel while solvent 
bearing material is being sprayed into said chamber 
above the liquid, means for continuously separating 
solid particles from the liquid after the mixture is re 
moved from said vessel, and means for continuously 
returning the liquid to said vessel after the solid parti 
cles are separated from the liquid to maintain a gener 
ally constant volume of liquid within said vessel and to 
minimize heat loss from the liquid. 

7. Apparatus as defined in claim 6 wherein said valve 
member is spring biased against an annular seat and 
cooperates therewith to spray material within the upper 
portion of said vessel. 

8. Apparatus for reclaiming a solvent from a solvent 
bearing material, comprising a distilling vessel contain 
ing a volume of liquid and defining a gas chamber above 
the level of the liquid, a first conduit extending from 
said chamber for directing a generally continuous sup 
ply of solvent bearing material to said vessel, means 
connected to said first conduit for spraying the solvent 
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bearing material into said chamber above the level of 50 
the liquid, means for heating the liquid within said ves 
sel to hold the liquid at a generally constant predeter 
mined temperature for volatilizing the solvent within 
the material, a second conduit extending from said 
chamber for removing the volatilized solvent from said 
chamber, means for condensing the volatilized solvent 
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6 
removed from said chamber, a power driven rotary 
agitator extending into the liquid within the lower por 
tion of said vessel for maintaining solid particles in sus 
pension within the liquid, means including a third con 
duit connected to the bottom of said vessel for continu 
ously removing a mixture of liquid and suspended solid 
particles from said vessel while solvent bearing material 
is being sprayed into said chamber above the liquid, 
means for continuously separating solid particles from 
the liquid after the mixture is removed from said vessel, 
and means for continuously returning the liquid to said 
vessel after the solid particles are separated from the 
liquid to maintain a generally constant volume of liquid 
within said vessel and to minimize heat loss from the 
liquid. 

9. Apparatus for reclaiming a solvent from a solvent 
bearing material, comprising a distilling vessel contain 
ing a volume of liquid and defining a gas chamber above 
the level of the liquid, a first conduit extending from 
said chamber for directing a generally continuous sup 
ply of solvent bearing material to said vessel, means 
connected to said first conduit for spraying the solvent 
bearing material into said chamber above the level of 
the liquid, means for heating the liquid within said ves 
sel to hold the liquid at a generally constant predeter 
mined temperature for volatilizing the solvent within 
the material, a second conduit extending from said 
chamber for removing the volatilized solvent from said 
chamber, means for condensing the volatilized solvent 
removed from said chamber, means for agitating the 
liquid within the lower portion of said vessel for main 
taining solid particles in suspension within the liquid, 
means including a third conduit connected to the bot 
tom of said vessel for continuously removing a mixture 
of liquid and suspended solid particles from said vessel 
while solvent bearing material is being sprayed into said 
chamber above the liquid, means for continuously sepa 
rating solid particles from the liquid after the mixture is 
removed from said vessel, said means for separating 
including a settling tank having an inclined wall, an 
endless drag-out conveyor having an inclined run adja 
cent said inclined wall of said tank, and means for con 
tinuously returning the liquid to said vessel after the 
solid particles are separated from the liquid to maintain 
a generally constant volume of liquid within said vessel 
and to minimize heat loss from the liquid. 

10. Apparatus as defined in claim 9 including means 
for recirculating mixture of liquid and solid particles 
from the lower portion of said vessel to said chamber 
within the upper portion of said vessel and for by-pass 
ing said settling tank. 

11. Apparatus as defined in claim 9 wherein said dis 
tilling vessel and said settling tank are insulated to mini 
mize heat loss from said vessel and said tank. 
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