
United States Patent [111 3,570,588 

[54] 

[52] 

[51] 
[50] 

llllllllll_llllll 

Inventor Dennis A. Wheeler 
Saginaw, Mich. 

App]. No. 783,296 
Filed Dec. 12, 1968 
Patented Mar. 16, 1971 
Assignee Baker Perkins, Inc. 

Saginaw, Mich. 

METHODS AND APPARATUS FOR COOLING 
MIXES SUCH AS CARBONACEOUS PARTICLE 
PITCl-l MASSES BEING BLENDED 

[ 56] References Cited 
UNITED STATES PATENTS 

3,163,403 12/1964 Engels ........................ .. 

Primary Examiner-Charles Sukalo 
Attorney-Learman, Learman & McCulloch 

ABSTRACT: Methods and apparatus for intimately blending a 
mass such as a carbonaceous particle-pitch mass prior to com 
pacting the mass and forming it into products wherein: the 
mass is forwarded while it is being intimately blended at an 
elevated temperature in a continuous mixer, a coolant is then 
supplied to cool the mix, and the mix is then further blended 

. . . and mixed prior to discharge. In the form of the invention il 
14 Chums’ 7 Drawmg Flgs' lustrated a vaporizable liquid coolant is added to the mass 
U.S. Cl. ..................................................... .. 165/1, being blended and the mass is thereafter forwarded and mixed 

. 165/87, 165/120, 259/9 to blend the coolant with the mass, the mass then being in 
Int. Cl ....................................................... .. F281‘ 5/06 ' troduced to a region of lower pressure wherein the liquid coo 
Field of Search .......................................... .. 165/1, 2, lant vaporizes and further reduces the temperature of the mass 

120, 109, 87, 88; 259/9, 10 (ll-1C) uniformly, and while the mass is still being mixed. 
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METHODS ANll) APPTUS FOR CQOLING MEXES 
SUCH-ll AS CARBONACEQUS FTICLE-PITCI'I MASSES 

BEING BLENDED 
One of the prime objectsof the invention is to provide im 

proved apparatus and methods for cooling masses which are 
being mixed or blended at somewhat elevated temperatures, 
and which require cooling before they are in condition for 
further processing operations. The invention is particularly 
suited to systems for fabricating products such as electrodes 
for use in aluminum ore reduction furnaces. In the carbon and 
graphite electrode fabrication industry, carbonaceous parti 
cles such as petroleum coke particles and coal tar pitch are 
blended in a mixing machine which heats them from room 
temperature to a temperature above the pitch-melting tem 
perature, while blending them into a homogenous mass. Prior 
art processes for treating such masses, which are conven 
tionally generally blended in batch mixers, have sought to cool 
the mass, after it is released from the mixer, from the blending 
temperature of around 165° C. to a lower temperature at 
which the mix may be compacted to produce a so-called “ 
green” cakes which are then subsequently baked in graphitiz 
ing furnaces and machined to form the electrodes or other 
products desired. Forced air-cooling equipment has been util 
ized and the pitch fumes produced during the mixing opera 
tion have been exhausted to scrubbers. In batch installations, 
mixing has had to be prolonged beyond the time required for 
proper blending of the mass to reduce the low boiling pitches 
and tars in the mass. Further, the free-?owing granulated 
paste obtained in a continuous blending system which has 
been used has tended to agglomerate into lumps in the air 
cooling phase, which have to then be crushed prior to com 
pacting the blended mass in high~pressure presses. 
One of the prime objects of the present invention is to util 

ize a different approach wherein cooling is achieved during 
the mixing and blending operation so that the product, at 
discharge, is substantially at a proper temperature for com 
pacting and need not be force air cooled prior to moving to 
the compacting presses. 
Another object of the invention is to provide a process and 

apparatus for blending and cooling masses which operate sub 
stantially as efficiently as conventional batch-mixing opera 
tions in terms of the removal of tar products, and require no 
higher quality and more expensive ingredients than do con 
ventional batch-processing operations, while providing all the 
advantages of continuous processing systems. 

Still another object of the invention is to provide an ap 
paratus and method of mixing and cooling which processes 
material more efficiently and faster than is possible with 
available equipment and ,processes, and still provides a 
product which meets requirements, and in fact is improved in 
some respects. 
Other objects and advantages of the invention will be 

pointed out speci?cally or will become apparent from the fol 
lowing description when it is considered in conjunction with 
the appended claims and the accompanying drawings, in 
which: 

FIG. 1 is a partly sectional side elevational view of a mixing 
or kneading machine incorporating the invention; 

FIG. 2 is a transverse sectional view, taken on the line 2-2 
of the FIG. 1; 

FIG. 3 is an enlarged, fragmentary, transverse, sectional 
view, taken on the line 3-3 of FIG. 1, and illustrating the 
manner in which a vaporizable coolant liquid is added to the 
mixer contents; ' 

FIG. 4 is a top plan view of the discharge end of the mixer or 
kneader housing only; 

FIG. 5 is a perspective view of the discharge housing; 
FIG. 6 is a slightly reduced, fragmentary, sectional eleva 

tional view illustrating the manner in which the mixer shaft is 
driven; and 

FIG. ‘7 is a schematic view illustrating the control system for 
metering coolant in measured quantity to the mixer. 

Referring now more particularly to the accompanying 
drawings wherein a preferred embodiment of the invention 
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2 
only is shown, a letter M generally refers to the mixing or 
blending machine of the invention which includes a jacketed 
tubular mixing or kneading barrel B having annular passages 9 
and 59a for circulating barrel temperature maintaining ?uids, 
dependent on the mixing operation to be performed. A mixer 
of this general character is disclosed in the present assignee‘s 
U.S. Pat. No. 3,023,455, granted Mar. 6, I962 to Herbert F. 
Geier and Henry F. Irving, but it is to be understood that the 
apparatus has been modi?ed in the present instance to process 
different materials. As previously indicated, the apparatus 
which will now be described is particularly suited to mixing or 
blending coke and pitch fractions which are to be intimately 
mixed together under pressure and temperature conditions 
which provide for the desired partial devolatilization of the 
material. When discharged in accordance with the teachings 
of the present invention in the form of a granulated free-?ow 
ing paste in which the pitch isin liquid form, the mass is at a 
considerably lower temperature and may be pressed without 
further cooling procedures into products in presses which 
compact the so»called “green" material. Later the products 
are supplied to dehydrogenating or graphitizing furnaces de 
pendent upon whether carbon or graphite electrodes are being 
produced, in which the electrodes are slowly baked at high 
temperatures. 

It is to be understood that the material being continuously 
processed in the mixer to be described completely ?lls the 
mixer barrel and is under pressure therein. With the present 
apparatus, the metered coke and pitch fractions which are to 
be blended may be continuously processed instead of batch 
processed. To “wet" or liquefy the pitch and accomplish the 
partial devolatilization desired, such carbon particle-pitch 
particle mixes or masses must be heated typically to a tem 
perature of about 160° - 165° C. in order to accomplish the 
blending desired wherein the pitch fraction melts and suitably 
coats the solid fractions. 

In present batch processes, mixing may be continued for 
periods of up to 1 hour more than necessary to accomplish the 
desired blending wherein the pitch binds the coke particles for 
the purpose of reducing the quantity of low boiling pitches and 
tars present. Thereafter, conventional processes air-cool the 
mixture, whether continuously or batch mixed, to around l 15° 
C. before compressing the mix in presses which produce the “ 
green” products. To produce good quality “green" products, 
it is important that the feed temperature of the carbonaceous 
mass to the press be uniform throughout its mass, and the tem 
perature level be kept constant between each press stroke. 
The air-cooling procedures presently practiced are not condu 
cive to obtaining this uniformity of temperature throughout 
the mass. 
The present invention incorporates a cooling concept which 

operates continuously to provide uniform temperatures 
throughout the mass discharged from the machine in a steady 
stream and permits the use of low-cost pitch products having 
low boiling tars, even though the mixing time is much shorter 
in the continuous process practiced in the mixer to be 
described than in a comparable batch-mix system. in other 
words, while it would seem than higher quality pitch products 
might be required in a continuous process, it has been deter 
mined that the process which will be described may be prac 
ticed with the same pitch products which are presently used in 
batch processes. As will become apparent, the present system 
provides a continuous mixing operation wherein a vaporizable 
coolant liquid is added in metered amounts to the mix and acts 
throughout the mass being mixed to provide the uniform cool 
ing thereof. Prior to discharge of the mass, the liquid added 
substantially completely vaporizes or ?ashes off, just before it 
passes on to the presses for forming the “green" products, so 
that substantially none of the coolant remains in the "green" 

- mix and later, during baking, creates any undesired porosity in 
the products formed. It is important to understand that the 
pressure maintained in the mixing barrel is such that the liquid 
added does not vaporize during the time the liquid is being 
mixed with the coke and pitch at the elevated blending te'm‘ 



3 
perature. The vaporization occurs when the product is just 
about ready to be discharged from the mixer in a portion of 
the mixer which is open to atmosphere and is accordingly at 
atmospheric pressure. ' 
The present machine includes a feed hopper 10 leading into 

the chamber or bore 11 of the barrel, generally designated 8, 
for delivering the ingredients to be mixed to the chamber 11. 
it is to be understood that the ingredients to be blended are 
fed in metered amounts to the hopper M) which may have a 
powered feed screw of the typedisclosed in US. Pat. No. 
3,251,512, for example. Provided in the barrel B are circum 
ferentially spaced, radially inwardly projecting teeth or lugs 
12, preferably at 120° intervals, which cooperate with inter 
rupted helical threads or blades 13 provided on a mixer shaft 
14 in helical formation in a manner to achieve the intimate 
blending and kneading of the material introduced to the 
chamber 11. The threads or ?ight sections 13 are so pitched 
that if the shaft M is revolved in a clockwise direction as 
viewed from the right end of the machine (see the arrow a), 
the material will be moved forwardly from right to left, it being 
understood that shaft 14 is simultaneously reciprocated in 
timed relation with its rotation, and the disposition of teeth 12, 
so that during the stroke of the shaft 14 the teeth 12 in effect 
are passed through the spaces b between the interrupted 
blades 13. The blades which form the thread portions 13 are 

' interrupted at predetermined intervals as noted to provide the 
desired interpassage of the teeth 12 through the spaces or gaps 
b. 
As FIG. 6 indicates, the housing 15 of the mixer, rearwardly 

of the feed hopper l0, may-be provided with a pair of ?xed 
cam follower projections 16 which ride in cam tracks 17, pro 
vided in a pair of side-by-side earns 18, which are keyed on the 
rear end of mixer shaft 14. As the shaft 14 is revolved by a 
motor (not shown) through a suitable gear reduction unit (not 
shown), the rotary travel of the earns 18, which are ?xed on 
shaft 14, causes the shaft 14 to have an axial reciprocating 
stroke. At its rear end, the shaft 14 is supported by bearings 21 
which are mounted by the casing section 15. Fixed to the shaft 
14 to revolve and reciprocate with it are slide bearing sleeves 
20 and 21a, and a gear 22, keyed as at 224 to the rear slide 
bearing sleeve 21a, is connected to the gearreduction unit and 
drives the sleeve 21a and shaft 14 at the desired speed in terms 
of revolutions per minute. The gear reduction unit and motor 
may be housed in a suitable casing portion 23. 
Near the front or discharge end of the barrel B a discharge 

housing section, generally designated 24, is provided in axial 
alignment with the barrel section B. The housing 24 includes a 
?ange portion 25 which may be bolted or otherwise secured to 
the end wall of the barrel B in any acceptable fashion. The 
housing 24 also includes a curvilinear, U-shaped shaft-accom 
modating wall 26 having an elongated top opening 27, the wall 
26 being provided with a bottom discharge opening 28 inter 
mediate its length beneath the opening 27. 
As FIG. 1 clearly indicates, the shaft 14 has a reduced 

diameter diameter portion 14a extending through the 
discharge housing 24 which is joumaled at its front end in a 
front bearing designated 29, supported by a post 290. Pro 
vided within the housing 24 is a shaft-accommodating sleeve 
portion 30, and it will be seen that a ?ight section 32 of op 
posite hand to the ?ights 13 is ?xed to the shaft 14a and is of a 
size to engage the wall portion 30 with proper operating 
operating clearance only. The ?ight 32 operates to feed any 
material entering the sleeve 30 in a rearward direction back 
toward the discharge opening 28. Provided on the front end of 
the discharge housing 24 is a shaft seal assembly 33, as shown. 
The same ?ights 13 are provided on the shaft portion 140, but 
only two teeth 12a coact with them as shown in FIG. 2. 
Near the discharge end of the barrel B, one of the teeth 12 is 

formed in the manner indicated in FIG. 3 at 12', the shorter 
tooth 12’ being provided with a through bore 34 communicat 
ing with a liquid coolant supplying hose 35. As FIG. 7 in 
dicates, a conventional coolant injection pump 36 continu 
ously supplies a coolant liquid such as water at a tap tempera 
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ture which may be about 15° C. to the line 35 through a con 
ventional ?ow-control valve 37, which may be pneumatically 
or electrically operated by a temperature-indicating controller 
36, which is connected with a temperature sensor 39, pro 
vided at the discharge opening 28. Alternatively, the sensor 39 
may be located downstream of the continuous mixer-cooler at 
39’ in the feed hopper of the press 42 which is supplied with 
material by the conveyor 41. The sensor 39’ is also considered 
to sense the discharge temperature of the material since the 
temperature drop in the material traveling on conveyor 41 is 
slight and a constant value. The controller 38 may be the A/D 
proportional, reverse acting, indicating pneumatic controller 
(series 624) manufactured by the Bristol Company of Water 
bury, Conn., U.S.A., which is a controller which utilizes air 
pressure in a connecting line 40 to operate the valve 37 and 
thereby meter the water supply for from pump 36. The valve 
37 may be the M-H series 800 diaphragm motor valve manu 
factured by Honeywell, Inc. of Minneapolis, Minn., U.S.A. In 
the operation of the mixer, so long as the temperature bulb 39 
(or 39') indicates that the paste is being discharged at the 
desired temperature, the ?ow control valve 37 will remain in a 
certain partly opened position, metering the required amount 
of water through the line 35 to the tooth 12'. However, should 
the sensor 39 (or 39 ’) indicate that the discharge tempera 
ture of the blended past is too high, controller 38 will so in 
dicate and operate to bleed enough air form the connecting 
line 40 to cause the valve 37 to open up slightly and admit 
more water through line 35 to the tooth 12'. Conversely, of 
course, when the temperature sensor 39 (or 39') indicates 
that the temperature of the material being discharged is lower 
than desired, which would cause undue adherence of the pitch 
to the jacketed walls of the mixer, the controller 38 will 
receive an electrical signal from the sensor bulb 39 (or 39’) 
and admit enough additional air under pressure through the 
line 40 to close valve 37 and admit less coolant through the 
line 35 to the tooth 12'. , 
As has been indicated, in the operation of the mixer M in an 

electrode ingredient processing operation, measured amounts 
of petroleum coke and coal tar pitch are continuously a sup 
plied to the hopper 10 which feeds them to the interior of‘ the 
mixing chamber 11. The mixer shaft accepts the feed from hp 
hopper 10 and the ?ights compress the mass to generate an 
operating pressure in excess of the vapor pressure of the mo 
lant at the corresponding product maximum temperature. 
Typically the mixer is operated so that that the mix is main 
tained under a pressure of approximately 100-150 p.s.i. as it 
proceeds from the right end of the mixer to the discharge 
housing 24. The shaft ?ights l3 and the screw ?ights 4R pro 
vide an effective pressure seal. A suitable heating ?uid is cir 
culated through the annular passage 9 to heat the ingredients 
to a temperature of approximately b 160° —- 165° C., and as 
the shaft 14 is continuously reciprocated and rotated, the mix 
ing and kneading action provided by the screw ?ight section 
13 and teeth 12 achieves a thorough blending of the materials. 
The coal tar pitch softens or melts when a temperature of 
about 110° C. is reached but those hydrocarbons which nor 
mally would be removed as vapors at atmospheric pressure 
when the temperature of the pitch is increased to 16 165° (3., 
remain in the the pitch at the pressure maintained in the mixer 
mass as the temperature of the mass is elevated to 160° - 
165° C. By the time the temperature of l65° C. has been 
reached, the petroleum coke particles and pitch residues have 
been reached, the petroleum coke particles and pitch residues 
have been blended into a homogeneous mass in which the 
pitch acts as a binder to bind the coke particles. At this point, 
the mass is in a “paste" state and is easily advanced through 
the mixer from right to left in Fit]. 1. 

While for the salte of convenience in FIG. 1, the mixer M is 
shown as fragmented, it is to be understood that it will have a 
substantial overall length and the initial feeding zone and the 
mixing zone d will each be on the order of the length of the 
cooling zone which is designated by the letter r: in FIG. 1. The 
flight 23 which receives the ingredients from the hopper it} in 
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the initial feeding zone portion of the mixer will be a continu 
ous or nongapped advancing helical flight in the preferred em~ 
bodiment of the invention and there will be no teeth 12 
located in the so-called feeding zone. in the following mixing 
zone d, the ?ights 13 with gaps b are used. It will also be noted 
that the annular, temperature-maintaining, circulating liquid 
passage 9 terminates at the cooling zone 0. A similar liquid at a 
lesser temperature of about the desired discharge temperature 
of the mass, ll0°—l 15° C., is circulated through the annular 
passage 90 surrounding the cooling zone 0. 
A suitable liquid coolant such as water at tap temperature, 

or liquid carbon dioxide, is continuously added through the 
bore 34 of tooth 12’ in accordance with the operation of the 
temperature controller 38 which is connected to the tempera 
ture sensor 39 or 39' as described. Because the material being 
mixed completely ?lls the chamber 11 and is maintained 
under pressure the water added through tooth 12', which at 
atmospheric pressure would vaporize immediately when sub 
jected to temperatures of 165° C., remains in liquid form and 
is uniformly intermixed with the mass as the mass proceeds 
through the cooling portion c of the mixer toward the 
discharge housing 24. The water or other coolant added at 
tooth 12' is a introduced under a pressure gauged to be higher 
than the vapor pressure of the coolant at 165° C. For instance, 
water may be introduced at a pressure of 85 psi. The tem 
peratures of the circulated ?uids in passages 9 and9a a are 
determined with the amount of heat produced by working of 
the material in the mixer taken into consideration so that the 
temperatures desired in the mixer are maintained. 
During thorough intermixing of the liquid coolant with the 

mass as the mass proceeds through zone 0 of the mixer, the 
mass is, of course, cooled to some extent. At the time the mass 
reaches the discharge housing 24 and is subjected to at 
mospheric conditions, the liquid coolant uniformly dispersed 
throughout the mass immediately ?ashes off together with the 
tar distillates or pitch volatiles and drastically reduces the tem 
perature of the mass. It is thought that about one-third of the 
heat is removed by the water in zone c and the remainder dur 
ing during the flash off by evaporative cooling. Continued 
mixing and agitation is carried on by the ?ights 13 and the 
teeth 12a in the discharge portion 24 of the mixer so that all 
vapor is releases released and porosity will not be a problem in 
the “green" products which are formed from material 
discharged through the discharge opening 28. Mixing in 
discharge section 24 also insures uniform discharge tempera 
tures throughout the mass discharged. At the discharge open 
ing the temperature of the material will be in the neighbor 
hood of ll0°—l 15° C. which is the proper temperature for 
pressing the material into “green" cakes. In addition to the 
evaporative cooling effect achieved by the flash off, a steam 
distillation e?'ect is achieved and desired volatiles ?ash off 
with the steam. The hot pitch fraction is steam distilled and tar 
volatiles are thereby very satisfactorily removed at the lower 
temperature of discharge to compensate for the fact that mix 
pressure in the mixer has inhibited devolatilization. Thus con 
tinuous mixing can be accomplished with the same inexpen 
sive grade of raw materials as batch mixing. 

EXAMPLE 

A petroleum coke and coal tar pitch mixture a of about 15 
-—20 parts by weight of pitch to 80-85 parts by weight of 
petroleum coke is supplied to the mixer hopper 10. The size of 
the coke and pitch particles may be l0-below 300 mesh. The 
pressure maintained in the mixing chamber 11 is in the 
neighborhood of KM) p.s.i. Approximately 3 percent —-5 per 
cent by weight of water relative to the weight of the mix is 
added continuously through the tooth 12’. The material 
discharged through discharge opening 28 has been reduced in 
temperature from 165° C. to l l0°'—l 15” C. 

It is to be understood that the drawings and descriptive 
matter are in all cases to be interpreted as merely illustrative 
of the principles of the invention rather that than as limiting 
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the same in any way since it is contemplated that various 
changes may be made in the various elements to achieve like 
results without departing from the spirit of the invention or the 
scope of the appended claims. 

I claim: - 

l. in a method of cooling a carbonaceous particle-pitch 
mass which has been intimately blended at a pitch-liquefying 
temperature in a closed continuous housing having a charge 
and a discharge end, the steps of: injecting a vaporizable liquid 
coolant, which does not react with the mass into direct contact 

_ with mass in the housing; maintaining the interior of the hous 
ing under a temperature which would normally vaporize said 
coolant and a pressure which retains the coolant in a liquid 
state while intimately blending it with the mass; continuing to 
agitate the mass while releasing the mass from the housing and 
permitting the coolant to vaporize and remove a predeter 
mined degree of heat and certain volatiles which are carried 
off by the vaporized coolant from said mass. 

2.. The combination of claim 1 in which said coolant is 
water. . - . - 

3. A method of intimately blending a carbonaceous particle 
pitch mass prior to further processing of the mass comprising: 
forwarding the mass while intimately blending it at a ?rst 
pitch-softening temperature above the softening point; then 
applying a coolant, selected from the vaporizable coolant class 
comprising water and liquid carbon dioxide, in direct contact 
to said mass to achieve a cooling thereof; and continuing to 
forward and blend the mass to achieve uniformity of tempera 
ture in the mass prior to releasing it at a predetermined tem 
perature lower than the said first temperature. 

4. The method of claim 3 which includes sensing the tem 
perature of mass released and applying coolant in a quantity 
and at a temperature to maintain the mass released at a 
desired temperature. 

5. A method of intimately blending a mass preparatory to 
further processing of the mass comprising; comprising: con 
tinuously forwarding a mass while intimately blending it at a 
first elevated temperature; introducing a vaporizable liquid 
coolant in metered amounts in direct contact to said mass and 
maintaining the mass under a pressure sufficient to maintain 
the coolant, which otherwise would vaporize at said tempera 
ture, in the liquid state while blending it with the mass; releas 
ing said mass to a region under a lower pressure, and vaporiz 
ing said coolant from the mass in said region to ?nally reduce 
the temperature of the mass to a predetermined temperature. 

6. The method of claim 1 wherein said mass is discharged 
from said region and the coolant is continuously metered ac 
cording to the temperature'of the mass at discharge from said 
region. 

7. The method of claim 1 wherein the pressure maintained 
in the mass and pressure of the coolant introduced is above 
the vapor pressure of the coolant at said ?rst elevated tem 
perature; and mixing continues is in said region. 

8. The method de?ned in claim 5 which includes sensing the 
temperature of mass released and metering the amount 0 
coolant introduced accordingly. > 

9.'ln a material-processing machine: closed housing means 
having a charge end and a discharge end; mixer shaft means 
therein, material-kneading teeth projecting inwardly from said 
housing means; interrupted helical blade means on said shaft 
means; means for relatively rotating and reciprocating said 
shaft and housing means so that the teeth on said housing 
means in effect pass through gaps in said blade means during 
said rotating and reciprocating movement and material is 
moved from said charge end toward the discharge end; means 
for injecting a vaporizable coolant liquid under pressure into 
said housing means upstream from said discharge end into 
direct contact with the material being mixed; said discharge 
and of the housing means having a an open portion constitut 
ing a discharge opening for material; means for simultaneously 
heating the material in said closed housing means by indirect 
heat exchange to predetermined temperatures; and means 
maintaining the interior of said housing means under a pres 



7 
sure preventing said liquid from ?ashing off at said tempera 
tures until a said material reaches said open portion. 

10. The combination de?ned in claim 9 in which a said 
discharge end of said housing means comprises a discharge 
housing and a horizontally extending mixing barrel to which it 
is ?xed; said a shaft means extending-through said barrel and 
into a said discharge housing; agitating blade means on a said 
shaft means within said discharge housing near said barrel; 
said open portion of the discharge housing being in the top 
wall of said discharge housing above said agitating blade 
means; and said discharge opening being downstream from 
said agitating blade means and below said open portion. 

11. The combination de?ned in claim 1(1) in which said 
discharge housing has a sleeve downstream from said 
discharge opening receiving said shaft means; and helical 
?ight means on said shaft means within said sleeve pitched to 

15 

25 

30 

35 

40 

45 

55 

60 

65 

75 

3,570,588 
8 

move material in an upstream direction to deliver material to a 
said said discharge opening. ' 

12. The combination de?ned in claim 9 in which flow con 
trol means meters the coolant entering said housing means; 
and temperature-sensing means is provided for sensing the 
temperature of material discharged from said housing means 
and controlling said flow control means accordingly. _ 

13. The combination de?ned in claim 9 in which said means 
maintaining said pressure in the housing means includes 
means for forwarding the material being worked to said hous 
ing means. 

14. The combination de?ned in claim 9 in which said 
discharge end of said housing means includes a housing por 
tion with an upper vapor release opening located at a level 
above said open portion. . 


