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3,2$4,537 
METHOD OF CHARGING REACTANTS THROUGH 

CGNCENTRIC FEED TUBES 
Orlando Webb, In, Prairie Village, Kane, assignor to 

Stratford Engineering Corporation, Kansas City, Mo., 
a corporation of Delaware 

Continuation of application Ser. No. 848,094, Oct. 22, 
1959, which is a division of application Ser. No. 
‘765,449, (let. 6, 1958. This application Jan. 14, 1965, 
Ser. No. 426,477 

15 Claims. (Cl. 260--683.58) 

This is a continuation of application Serial No. 848,094 
filed October 22, 1959, and now abandoned, entitled 
“Method of Charging Reactants Through Concentric 
Feed Tubes,” said Serial No. 848,094 a divisional appli 
cation carved out of application Serial No. 765,449 ?led 
October 6, 1958 entitled “Method of Charging Reactants 
Through Concentric Feed Tubes,” now Patent No. 
3,027,242, issued March 27, 1962. 

This invention relates to methods of and apparatus for 
performing chemical reactions and processes and refers 
more particularly to such methods and apparatus wherein 
reaction components are passed into a circulating mass 
of reaction product or other compounds to initiate the 
reaction or process while the temperature of at least one 
of the reaction components is controlled at a level dif 
ferent from that of the circulating mass until mixed there 
with. Further, the invention relates to a concentric feed 
tube arrangement designed to maintain a temperature 
differential between one of the incoming feed streams 
and a circulating mass within a reaction vessel. 
Many chemical reactants are markedly exothermic or 

endothermic and it is desirable to control such tempera~ 
ture changes as much as possible in the presence of the 
reaction product and reaction itself to avoid formation 
of undesirable lay-products, side reactions and deteriora 
tion of the quality of the reaction product. In conven 
tional methods and apparatus designed to accomplish 
this purpose, a closed, cyclic, ?owing stream of ?uids or 
?uids and ?nely divided solids, including reaction prod 
uct, may be established in a reaction vessel axially of a 
circulating tube therein. Such a stream .passes through 
the circulating tube and then around its exterior sur 
face at a ?ow rate greater than the ?ow rate of the input 
of reactants to the vessel. Heat exchanging means gen 
erally are provided, but not ‘always, within the vessel, to 
maintain the circulating volume of ?uids at any desired 
temperature. The tempered blend is withdrawn from 
the closed, cyclic, ?owing stream at a rate less than the 
?ow rate of said stream. Impelling means are provided 
within the vessel and generally within the circulating tube 
to provide the motive force for circulating the blend 
within the vessel. 

Typical apparatus and methods for controlling the tem 
perature change of blends of ?uids or ?uids and ?nely 
divided solids as described are found in David H. Putney 
Patent No. 2,800,307 issued July 23, 1957 entitled “Appa 
ratus for Controlling the Temperature Change of Blends 
of Fluids or Fluids and Finely Divided Solids.” The pres 
ent invention is an improvement over said patent. 

In the Pechiney process of forming urea from am 
monia and carbon dioxide with the intermediate produc 
tion of ammonium carbamate after the initial reaction, 
urea is the material remaining after the carbamate is 
stripped from the system, while excess mineral oil, am 
monia and carbon dioxide are passedlto a secondary cir 
culating vessel to there form more carbarnate, which is 
then passed in recycle to the original reaction step for 
transformation to urea. A severe problem exists in at 
tempting to pass the ‘ammonia and carbon dioxide gases 
into the second reaction vessel Without encountering too 
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early crystallization of of the carbamate with resultant 
plugging of feed ?ow ?nes, inlet nozzles and general foul 
ing of the system. Additionally, conventional methods 
and apparatus causes the formation of too large crystals 
in the secondary vessel. 

In the alkylation of isopa-ra?ins with ole?nic hydro 
carbons in the presence of an acid catalyst, it is eminently 
desirable to maintain the ole?nic hydracarbons at the 
lowest possible temperature before contacting them with 
either the acid or the isopara?inic hydrocarbons. By so 
maintaining the ole?ns at a low temperature, many ad 
vantages are achieved in the alkylation process, such as 
better yield, less side reactions and less polymerization. 
Present methods and apparatus not only do not main 
tain as low an ole?n temperature desired but fail to dis 
perse the o'le?ns and acid in the reaction mixture as com 
pletely and uniformly as desired. 
Many other chemical reactions, in addition to» the above 

two, are performable by a dispersion of reactants in a 
circulating reaction mixture, as previously described, it 
being eminently advantageous to protect the tempera 
ture differential of at least one of the input feed reactants 
relative the higher or lower temperature of the circulating 
mass in the reaction vessel as long as possible for certain 
advantages either to the reaction product, the reaction 
itself, or the protected reactant of the other reactants. 
Complete, high speed, uniform, simultaneous dispersion 
of the reactants in the circulating mass is also much to be 
desired. These two properties are not found in the degree 
desired in existing methods and apparatus for performing 
chemical reactions and processes. 

Therefore, an object of the invention is to provide both 
methods and apparatus for adequately and completely 
controlling the temperature change of a blend of ?uids 
or ?uids and ?nely divided solids while simultaneously 
providing for separate temperature control of a reactant 
feed input into the blend even though said reactant feed 
input may be at a large temperature differential from the 
blend itself. 
Another object of the invention is to provide methods 

and apparatus for feeding reactant inputs into a circu 
lating mass of reaction product and the ‘like for reaction 
therein wherein the reactant feeds are concentric to one 
another, thereby providing not only protection for one 
of the reactant feeds from the existing temperature with 
in the reaction product stream but also simultaneous, 
juxtaposed dispersion of the reactant feed inputs within 
the circulating reaction stream. 

Still another object of ‘the invention is to provide 
method and apparatus for separately controlling the tem 
perature changes and temperature of a blend of ?uids 
or ?uids and ?nely divided solids as Well as the reactant 
feed inputs into the blend although the said temperatures 
may diifer greatly one from the other. 
Another object of the invention is to provide methods 

and apparatus for passing ammonia and carbon dioxide, 
' as well as carrier mineral oil, into a slurry of ammonium 
carbamate crystals circulating in a reaction vessel, the 
slurry at a temperature below the crystallization tem~ 
perature of the mixed ammonia and carbon dioxide, yet 
the methods and apparatus providing for complete and 
adequate dispersion of the gases in the slurry Without 
clogging of the feed lines or reaction of the gases be 
fore said dispersion. 

Another object of the invention is to provide methods 
and apparatus for the alkylation of isopara?inic hydro 
carbons with ole?nic hydrocarbons in the presence of an 
acid catalyst wherein the ole?inic hydrocarbons are main-> 
tained at a lower temperature than the circulating alkylate 
and excess isoparaf?nic hydrocarbons in a reaction ves 
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sel until the very moment of dispersion of the ole?ns 
in said circulating mixture. 

Yet another object of the invention is to provide a 
reaction vessel and circulating apparatus for both con 
trolling the temperature change of chemical reactions 
within the vessel and providing for the maintenance of 
the temperature of at least one of the reactant inputs to 
the vessel at a marked differential from the temperature 
of the circulating reaction product in the vessel, the lat 
ter feature accomplished Without interfering with the 
process of the reaction or the maintenance of the desired 
reaction temperature, the vessel and apparatus, as well, 
providing extremely complete and adequate simultaneous 
dispersion of the reactant feeds into the circulating re 
action product mixture. 

Other and further objects of the invention will appear 
in the course of the following description thereof. 

In the drawings, which form a part of the instant 
speci?cation and are to be read in conjunction there 
with, embodiments of the invention are shown and, in 
the various views, like numerals are employed to indi 
cate like parts. 

FIG. 1 is a side-sectional view of one type of reaction 
vessel for the employment of the inventive process. 

FIG. 2 is a side-sectional view of a second form of 
reaction vessel operable for the practice of the inven 
tive method therein. 

FIG. 3 is a schematic ?ow diagram of a process for 
the production of urea from ammonia and carbon di 
oxide, the apparatus of FIG. 1 appearing as one of the 
parts of the schematic diagram. 

FIG. 4 is a schematic ?ow diagram of a process of 
alkylation of isoparat?nic hydrocarbons with ole?nic hy~ 
drocarbons in the presence of acid catalyst, the process 
employing e?luent refrigeration. 

FIGS. 3 and 4 show the inventive method and ap 
paratus as applied in the manufacture of urea and the 
alkylation of isopara?inic hydrocarbons with ole?nic hy 
drocarbons, respectively. FIGS. 1 and 2 show mixing 
vessels adaptable for use in either or both of the processes 
and will be ?rst described. 

Referring to FIG. 1, the reaction vessel there shown 
comprises an outer shell 10 closed at one end by plate 
11 and bolts 11a and at the other end by hydraulic 
pumping head 12. A circulation tube 13 is formed of 
a tightly coiled pipe and extends a portion of the length 
of the housing 10 to de?ne a circulation path for ?uids 
in the vessel centrally down the circulation tube and out 
around between its periphery and the inner wall of the 
reaction vessel. The pipe comprising circulation tube 
13 serves as a heat exchanging element in the reaction 
vessel and has heat exchanging medium input connec— 
tion 13a and output connection 13b from the far end 
of the circulating tube. Connections 13a and 13b are 
sealingly received in plate 11 and extend therethrough. 
Circulating tube 13 is open at both ends for free com 
munication with the space within the outer shell. A 
pumping impeller 14 is located in one end of the reac 
tion vessel at the end opposite from plate 11. Second 
ary circulating tube 15 acts as an extension of circu 
lating tube 13 and the impeller 14 is positioned within 
one end thereof. Straightening vanes 16 are ?xed at 
their outer ends to the secondary circulating tube and 
extend inwardly adjacent the mounting cone 17 of the 
impeller which is driven by shaft\ 18 connected to power 
source or motor 19, the latter rigidly ?xed by bolts 20 
relative the reaction vessel. Product outlets 21, 22 and 
23 are provided to be used as desired or necessary, de 
termined by the nature of the product and process being 
practiced in the vessel. Additional outlet 24 is also pro 
vided. Nut 25 locks shaft 18 to impeller carrying cap 
17 and has a ?at outer surface. 

Centrally of plate 11 is provided opening 26. Mount 
ing nut 27 is threaded into opening 26 and sealingly 
receivesouter feed pipe 28. Pipe 28 extends the length 
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of the circulating tube 13 to a position closely adjacent 
nut 25 on shaft 18. Pipe 28 preferably is centrally 
positioned within the reaction vessel and the circulating 
tube 13, as well as secondary circulating tube 15. Sec 
ondary feed inlet line or tube 29 is concentrically posi 
tioned within primary feed inlet pipe or tube 28 and 
extends therewithin to a like position adjacent the nut 
25 and preferably, though optionally, has nozzle 30 at 
the end thereof directed at the ?at face of nut 25. The 
tubes 28 and 29 are arranged to discharge feed ?uids 
or ?nely divided solids concentrically against the nut 25 
whereby the ‘feeds will be highly dispersed in the area 
peripheral thereto. Appropriate conventional ?ttings of 
T-type or the like may be threaded on the threaded por 
tion 28a of inner tube 28 to provide feeds to the two 
feed inlet tubes. 
The impeller is arranged for taking suction from the 

circulating tubes 13 and 15 and discharging into the 
hydraulic head 12, where the ?ow of ?uids is reversed 
and directed into the annular space between the outer 
shell and the circulating tubes 15 and 13. If the reac 
tion vessel of FIG. 1 is employed as a vertical one with 
the motor 19 at the lower end, the machine may be 
drained through channel 22, if desired. Heat exchang 
ing ?uid may be input through line 13a to coil 13 and 
withdrawn through line 13b. Plate 11 may be discon 
nected from shell 10 by removing the bolts 11a and the 
entire feed tube assembly and heat exchanging circu 
lating tube 13 may be pulled out and away with the 
plate 11. Likewise, by removing bolts 20 and the shaft 
18 connection, the motor 19 may be withdrawn from 
the reaction vessel assembly. 

Referring now to FIG. 2, therein is shown a modi?ed 
reaction vessel wherein may be performed the same 
processes as those contemplated for the FIG. 1 vessel. 
This tubular reaction vessel and heat exchanger com 
prises an outer shell 31 closed at one end by a tube 
sheet 32 and at the other end by a hydraulic pumping 
head 33. Within the outer shell 31 is a circulating tube 
34 open at both ends for free communication with the 
space within the outer shell. A pumping impeller 35 is 
mounted on shaft 36 which extends through and is re 
ceived in bearing 37 and is driven by motor 38. Motor 
38 is rigidly ?xed relative the reaction vessel by bolts 
39 and 46. Various ‘conventional assemblies relative 
the shaft 36 and the motor mounting have been omitted 
in the view for simplicity. Straightening vanes 41 are 
?xed to the inside surface of the circulating tube 34 
and carry central cap 42 having slightly rounded end 
surface 43 to receive and cover the nut 44 ?xing the 
impeller cap 45 on shaft 36. Other straightening vanes 
46 space the circulating tube 34 from the shell 31. 
Product drain opening 47 may be positioned anywhere 
desired on the shell 31. 
‘ In this modi?cation of the reaction vessel, a so-called 
lance-type tube bundle is employed. Heat exchange tubes 
48 are closed at their ends opposite tube sheet 32. Chan 
nel 49 has additional tube sheet 50 dividing its length 
'llltO two separated volumes. Into tube sheet 50 are ?xed 
open ended tubes 51. Tubes 51 are equal in number and 
spacing to the heat exchange tubes 48 but are smaller 
in diameter. The open ended tubes 51 are arranged to 
extend into the closed ended tubes 48, terminating a short 
distance from the closed ends thereof. The function of 
tubes 51 is to conduct heating or cooling medium to 
the ends of closed end tubes 48 and discharge it into 
the closed end tubes so it will ?ow back through the an 
nular space between the closed and open ended tubes. 
Channel 49 is closed by plate 52 which is ?xed to the 
tube sheet 58 by bolts 53. Heat exchanging medium in 
let pipes 54 pass the medium into the open ended tubes 51 
de?ected by ba?les 55, While heat exchanging medium 
outlet‘ 56 takes the medium after passage through the 
tubes out of the channel 49. Openings 57 and 58 are 
formed through plates 52 and 50, respectively, preferably 
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centrally thereof. Sealing nut 59 and wedge piece 60 
seal the outer concentric feed tube 61 through these two 
plates. Tube 61 extends centrally of the heat exchanging 
tube bank into the circulating tube 34 closely adjacent 
the curved surface 43 of cap 42. Secondary feed tube 
62 is positioned concentrically within tube 61 and extends 
to approximately the same point in the circulating tube 
34. Nozzle 63 may optionally be positioned at the free 
end thereof. Both of the tubes 61 and 62 are preferably 
so positioned as to discharge any feed components against 
the center of the curved surface 43 of the cap 42. 

In this type of apparatus, as in that previously de 
scribed, the impeller 35 picks up the components intro 
duced through nozzles 61 and 63 and causes them to cir 
culate as blend through the annular space ‘between the 
outer shell 31 and the circulating tube ‘34. At the tube 
sheet end of the vessel, the travel of the ?owing stream 
is reversed and the blend or mixture caused to pass through 
the interior of the circulating tube, at the same time 
being brought in heat exchanging relationship with the 
heat exchange elements 48. 

Referring to both the showings of FIGS. 1 and 2, it 
will be understood that suitable connections are made to 
pipes 28, 29 and 61 and 62, and valves are provided to 
control the quantity of feed input elements introduced 
into the vessel. Suitable sources of supply are also pro 
vided and suitable pipe connections thereto. Additional 
ly, connections are made to heat exchange inputs 13b 
and 54 and outlets 1.3a and 56 and valves are provided to 
control the circulation of the heat exchanging medium to 
the vessels in desired quantities and at proper circulating 
rates. The temperature of the heat exchanging medium 
is governed according to the requirements of the particu 
lar ?uid which is being tempered. A discharge pipe is 
in each case connected to outlets 21, 22, 23, 24 or 47 
equipped with suitable valves to drain off the fluids when 
desired. 

Obviously, other forms of heat exchanging apparatus 
may be used Without altering the concept and functions 
hereinbefore explained. 'For example, heat exchange ele 
ments can be installed in the annular space between the 
circulating tubes and the outer shells of the exchangers. 
Also, the outer shell may be jacketed for the circulation 
of heating or cooling medium between the jacket and 
outer shell to supplement or replace the tubular or coil 
elements shown. The circulating tubes 15 and 34 may 
likewise be jacketed to give a double wall construction 
for the circulation of heat transfer ?uid therebetween, 
thus providing a heat exchange medium within the body 
of the circulating stream. 

It is also contemplated that the direction of ?ow of 
the liquids may be reversed, either by changing the pitch 
of the impeller or its direction of rotation. In other 
words, the apparatus contemplates any arrangement of 
heat exchanging surface in a vessel together with pumping 
means for establishing a closed cycle internal ?ow over 
that surface greater than the ?ow of ?uids into or out 
of the exchanger. It also contemplates optionally the 
complete absence of any sort of heat exchanging apparatus 
in the vessel such as the removal of the coil 13 from the 
FIG. 1 modi?cation and the substitution of a circulating 
tu-be comprising an extension of the secondary tube 15 
therefor or the complete omission of the tube elements 48 
and 51 from the apparatus of FIG. 2. 

Turning now to FIG. 3, therein is shown a schematic 
?ow diagram for a process of urea manufacture where 
in the inventive concentric feed method, as well as the 
inventive apparatus are employed. The urea process will 
be sequentially described and the application of the in 
ventive method and apparatus therewith. 

Reaction autoclave 64 is fed by ?ow lines 65 and 66 
carrying ammonia and carbon dioxide, respectively. In 
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the autoclave, at approximately 3,000 pounds per square 
inch, the following reaction takes place: 

002+ NH3 a NHZCOOH 
Nrnooorr + NHa -__-> NHzCOONHi 

NH2COONH4 2 CO(NH2)2 + 1120 

Withdrawal line 65 from the top of autoclave 64 car 
ries, in a mineral oil media, excess ammonia, ammonium 
carbamate and urea solution. Pressure is reduced at 
valve 66 and flow line 67 carries this mixture to car 
bamate stripper 68 where the pressure is maintained ‘at 
about sixty pounds per square inch. A reboiler on strip 
per 68 has heat exchanger 69 with input and output lines 
70 and 71 thereto and therefrom. The urea and mineral 
oil are taken oh’ the bottom of carbamate stripper 68 by 
line 72 and passed to oil separator 73. Urea solution is 
taken off the bottom of separator 73 through line 74. 
Ammonia and carbon dioxide gas in mixture are taken off 
the top of the stripper by line 75. This mixed ?uid is 
at approximately sixty pounds per square inch and 210° 
F. Mineral oil is taken off the top of oil separator 73 
through line 76, likewise at about sixty pounds per square 
inch and 210° F. 
At 77 is shown the shell of a reactor equivalent to that 

shown in FIG. 1 having circulating tube 78. formed of 
a tightly coiled heat exchanging pipe or tube with heat ex 
changing medium input 79 and output 80. Impeller’ 81 
is mounted on shaft 82 driven by motor 83. Recycle 
input line ?tting 84 is positioned in one side of the shell 
77 and output slurry ?tting 85 penetrates the end plate 
86. Extending concentrically down the center of the 
shell 77 and circulating tube heat exchanger 78 are feed 
input tubes 87 (outer) and 88 (inner). T-?tting 89 
passes the hot mineral oil down the outer feed tube or 
pipe 87 circumferentially to inner pipe 88 which receives 
the ammonia and carbon dioxide gas mixture. The min 
eral oil is discharged into the recycling slurry within the 
reactor shell 77 peripherally to the gas, both of which im 
pinge on the impeller cap 90. This process will be de 
scribed in greater detail later. 

Withdrawal line 91 takes the slurry of mineral oil 
containing solid ammonium carbamate crystals and passes 
it optionally to line 92 or line 93, controlled by valves 
94- or 95, respectively. The preferred ?ow with the in 
ventive system passes the slurry into line 93 with valve 
95 open and valve 94 closed and thence to recycle line 
96 which returns to reaction autoclave 64 the mineral 
oil slurry containing solid ammonium carbamate crystals 

‘ for further urea formation. 
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Alternatively, valve 95 may be closed and valve 94 
open. With this arrangement the mineral oil slurry con 
taining solid ammonium carbamate crystals from the 
reactor 77 passes through line 92 and valve 94 to slurry 
recycle tank 97. Recycle line 98 passes to pump 99 
and thence through line 100 into the recycle ?tting 84 
in the shell. Excess slurry of oil and crystals is taken 
off the top of tank 97 through line 101 through valve 
102 and into the recycle line 96 to the autoclave. 

It is well known that solid ammonium carbamate 
forms if the mixture of carbon dioxide and ammonia 
gas in line 75 drops below 167° F. at the pressure in 
volved (sixty pounds per square inch). By feeding the 
mineral oil peripherally to the line carrying the gas into 
the vessel 77 (where the recycling slurry around and 
through the circulating tube is at a temperature less 
than 167° F.), crystal formation is avoided until the 
actual discharge of the gas from the nozzle at the end 
of tube 88 against the hub 90 of the impeller 81 sur 
rounded by a screen of mineral oil. (The oil is not above 
167° F.) By keeping the gas hot until it is dispersed 
through the jet nozzle shrouded by a screen of oil, uni 
form dispersion of the gas in the recycle slurry and inti 
mate mixing thereof by the immediate contact with the 
impeller 81 is achieved. The spray of oil and gas is 
sheared into drops, and crystals are formed of relatively 
small size on the surfaces of the liquid oil drops. The 
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internal recycle slurry within the reactor is of the order 
of 40,000 gallons per minute while the input of oil and 
gas is of the order of 200 gallons per minute. Thus it is 
seen that, without the concentric oil feed, a severe tem 
perature drop would be experienced by the gas within 
an unshielded tube feed input to the vicinity of the im 
peller 81 which traversed any large extent of the reac 
tion vessel itself. By the arrangement shown, crystal 
formation is avoided until actual dispersion in the slurry, 
uniform circumferential dispersion around the hub and 
into the impeller of both the oil and gas is achieved, im 
mediate shearing and breaking up of the feeds is accom 
plished and small crystal size is achieved. 

Turning now to FIG. 4, therein is shown the inventive 
method as applied in a system for the alkylation of iso 
paraf?nic hydrocarbons with ole?nic hydrocarbons in the 
presence of an acid catalyst, the process being carried 
out in yet a third modi?cation of a reaction vessel. At 
103 is shown the shell of a reactor equipped with an open 
ended circulating tube 104. At one end of the circulating 
tube is an impeller 105 which serves the purpose of a 
circulating pump in cooperation with the circulating 
tube. Within the circulating tube 104 are a plurality of 
heat exchange elements 106 comprising a tube bundle 
provided with a distributing head 107 enclosing one end 
of the reactor. Distributing head has bat?le 108 dividing 
the volume thereof into two parts with input connection 
109 to one part and output connection 110 from the 
other. Heat exchanging medium entering ?tting 109 
passes into the tube bundles (which are rolled into the 
tube sheet 111 closing off one end of the shell 103) and 
then out of the other ends of the U-bends on the other 
side of the ba?le 108 and out the ?tting 110. Impeller 
105 is mounted on a shaft 112 rotated through a reduc 
tion gear 113 by any suitable source of power or prime 
mover such as an electric motor or steam turbine dia 
grammatically shown at 114. 

Circulation within the reactor is established by the im 
peller through the annular space between the shell 103 
and circulating tube 104 around the cooling or heat ex 
change tubes 106 and back to the impeller. The reaction 
can also be accomplished in a vessel without heat ex 
change elements with the heat exchange step in a subse 
quent operation. Input line 115 penetrates and is sealed 
through shell 103 and circulating tube 104. Input line 
116 is sealingly received in a ?tting on concentric feed 
tube 117 having input ?tting 118. Recycle acid input 
line 115 penetrates and is sealed through shell 103 and 
circulating tube 104. Tubes 116 and 117 extend through 
and are sealed through the shell and circulating tube 103 
and 104 and turn at an angle to discharge against the 
rounded hub 119 of the impeller 105. Output ?tting 
120 takes off ?uids from the shell 103 at any desired 
point therealong. 

Ole?nic hydrocarbons are introduced in line 121 and 
passed to input line 116. Fresh isopara?inic hydro 
carbons and isobutane in excess are introduced to the sys 
tem through line 122 joining input line 115. Chilled 
hydrocarbon at about 20° F. from the isobutane ?ash 
drum is input to the ?tting 118 to pass through input 
flow line 117 from sources to be described. The ole?nic 
hydrocarbons are thus protected from contact from both 
the isopara?inic hydrocarbons or the acid until they 
are discharged into the cyclic ?owing stream within the 
circulating tube. This process will be described in more 
detail later. At any rate, the acid and ole?nc hydro 
carbon streams are dispersed in the circulating mass of 
reaction product and excess isobutane against the im 
peller hub 119 and immediately highly mixed by im 
peller 105. Alkylation of the isopara?inic hydrocarbons 
by the ole?nic hydrocarbons takes place in the reactor 
while the mixture is being rapidly circulated and agitated 
by the impeller 105 which assures mixing of the hydro 
carbons and acid catalyst. 
The e?luent mixture of hydrocarbons and acid is dis 
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charged from the reactor through ?tting 120 and line 
123, passing ?rst to the primary acid settler 124 where 
it is permitted to separate into a hydrocarbon phase and 
an acid phase. The acid phase is withdrawn from the 
bottom of the settler 124 and is either returned to the 
reactor through pipes 125 and 126 or diverted through 
pipe 127 to an acid regenerator (not shown). Fresh 
acid may be added through line 128 to the system and 
recycle and fresh acid may be passed through line 129 
to input ?ow line 115. 
The hydrocarbon phase separated in the acid settler 

124 is discharged from the pipe through line 130 and 
may be directed either through line 131 or line 132 by 
manipulation of the valves 133 or 134 in these lines. If 
directed through line 131, pressure is reduced at pressure 
reduction valve 135, resulting in vaporization of a por 
tion of the isobutane component and chilling the ma 
terial, after which at least a portion of the liquid-vapor 
mixture at greatly increased velocity is directed to the dis 
tributing head 107 of the reactor. The coolant introduced 
in ?tting 109 passes through the heat exchange elements 
106, thence to the opposite side of the distributing head 
and out through line 136 whence it passes to suction 
trap 137. Back pressure valve 135 is designed to hold 
su?‘icient back pressure on the reactor-settler system to 
prevent appreciable evaporation of the hydrocarbon com 
ponents contained therein. 
On the other hand, the hydrocarbon phase may be 

directed through line 132 from the acid settler 124, 
pressure reduced at valve 138 and the material chilled 
by evaporative cooling in ?ash drum or suction trap 
137. Liquid from the suction trap may be drawn from 
the bottom thereof through line 139 and passed through 
line 140 and valve 141 to join line 131 after pressure 
reduction valve 135. Circulation of liquid through the 
cooling tubes 106 in such case is effected by the gas lift 
effect of the vapors evolved within the tubes. The hydro 
carbon phase discharged through line 130 may be split 
and a portion passed through line 132 and the remainder 
through line 131 with the valves 133 and 134 controlling 
the relative amounts of these ?ows. 
The description of the use of all or a portion of the 

hydrocarbon phase discharged from the acid settler 124 as 
cooling medium in the tube bundle are typical e?iuent 
refrigeration processes described in the patents to David 
H. Putney, No. 2,664,452, entitled “Process for Alkyla 
tion Utilizing Evaporative Cooling,” issued December 29, 
1953 and No. 2,949,494 entitled “Alkylation of Hydro 
carbons Utilizing Evaporative Cooling” issued August 16, 
1960. Such e?luent refrigeration systems do not comprise 
a part of the instant invention and are merely shown and 
described to illustrate a typical processv of alkylation of iso 
para?inic hydrocarbons with ole?nic hydrocarbons with 
heat exchanging of the recycling hydrocarbons and acid 
catalyst in a circulating reactor. The effluent refrigera 
tion systems, as described, maintain the circulating ?uids 
in the reaction vessel at a relatively low temperature but 
not as low a temperature as might optionally be desired 
for the ole?nic hydrocarbons before the reaction with the 
isobutane in the alkylation process. 

It is desired to disperse the ‘ole?nic hydrocarbons in 
the isobutane-rich recycling mixture in the reaction vessel 
at a temperature several degrees, at least, lower than the 
recycling ?uids. This is achieved by jacketing the input 
pipe 116 for the ole?nic hydrocarbons with the input pipe 
117 feeding the chilled hydrocarbons from the isobutane 
?ash drum 157 into the reaction vessel. By this process, 
the ole?nic hydrocarbons are jetted against the impeller 
cap 119 within a screen of chilled isobutane, which uni 
formly dispersed mixture is immediately highly mixed in 
the recycling stream of excess isobutane by the impeller 
105 and whirled around the outside of the circulating tube 
104. 

If it is not desired to use an effluent refrigeration system 
in the manner described, the hydrocarbon phase from the 
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settler 124- could be passed through a line equivalent to 
line 132 to a suction trap equivalent to 137 and from there 
the liquid drawoff from the suction trap as from line 139 
could be passed directly to fractionation and the vapors 
‘withdrawn through line 142 (consisting largely of excess 
isopara?nic hydrocarbons) could be condensed and/or 
compressed and recycled as feed to the reaction. In such 
latter case, two alternatives as to heat exchanging of the 
reaction vessel could be employed. In the ?rst place, a 
closed cycle refrigeration system of conventional design 
could be employed with a tube bundle set up as shown 
in the reactor 103 wherein a closed cycle refrigerant would 
be put in through ?tting 109 and taken out through ?tting 
110. In a closed cycle system, the temperature differential 
problem of keeping the ole?ns cool would still exist as it 
would be impossible to reduce the temperature of the cir 
culating reaction mass economically to the desired input 
temperature of the ole?ns. Secondly, no heat exchanging 
whatever of the reaction vessel might be employed, in 
which case the ole?n input temperature problem would 
be even more extreme. 

As previously stated relatively FIG. 4, upon leaving the 
cooling elements 196 of the reactor, the chilled and partly 
vaporized e?luent passes from the opopsite side of the 
circulating head through line 136 to suction trap 137 
where the vapor and liquid portions of the effluent are sep 
arated. A liquid level control 143 manipulating valve 144 
regulates the discharge of the liquid phase from the suc 
tion trap through lines 139 and 145. This. liquid is returned 
by pump 146 through line 147 to heat exchangers 148 and 
149 where it is brought in heat exchanging relationship 
with the incoming feed stocks of isobutane and ole?nic 
hydrocarbons. From the heat exchangers, the liquid 
passes through line 150 to the neutralization and fractiona 
tion steps shown diagrammatically at 151. 
The vapors separated from the e?luent in suction trap 

137 pass out through line 142 to compressor 152 from 
which they are discharged through line 153 to condenser 
154- where they .are totally condensed. A portion of the 
condensate from condenser 154- is directed through lines 
155 and 156 to isobutane ?ash drum 157 which is operated 
at the same pressure as suction trap 137, both pressures 
being controlled by the suction pressure on compressor 
152. Interposed in line 155 is pressure reducing valve 
158 which holds sufficient back pressure on condenser 154 
to make possible total condensation of the hydrocarbons 
at the temperature which can be attained with the avail 
able water supply. Liquid hydrocarbons passing through 
valve 158 are thereby reduced in pressure causing partial 
vaporization and chilling of the hydrocarbons prior to 
their introduction into ?ash drum 157. 
When propane is a component of any of the feed 

streams, a portion of the condensate withdrawn through 
line 155 is diverted through pipe 159 to the depropanizer 
of the fractionation section 151. This is necessary in order 
to purge the system of the same amount of propane as is 
contained in the feed stocks and after depropanization this 
stream is returned to the system through line 160, pres 
sure reducing valve 161 and pipes 155 and 156 to the 
isobutane ?ash drum 157. 
The liquid hydrocarbons withdrawn from suction trap 

137 and passed to fractionation are there separated into 
streams of propane 162, normal butane 163, light alkylate 
164 and alkylate bottoms 165 which are removed from the 
system as. shown. The isobutane stream taken overhead 
from the deisobutanizer tower (not shown) is recycled 
through line 166, reduction valve 167 and line 156 to the 
isobutane ?ash drum from which it is directed to the 
reaction stage. Fresh isobutane feed to the system may 
also ‘be brought in either through line 122 (previously 
described) or through line 168 which connects with line 
166. All of the streams entering the isobutane drum 157 
are subjected to reduced pressure established by the suc 
tion of the compresser 152 and are thereby self-refrig 
erated. The vapors evolved in the isobutane flash drum 
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by this self-refrigeration are passed through line 169 to 
the compressor 152, while the chilled liquid from the drum, 
principally isobutane, is directed through line 170 to pump 
171 and thence through line 172 to the reactor. 

In the alkylation system shown wherein the ole?nic 
hydrocarbons are chilled and fed concentrically with 
chilled hydrocarbon, the initial contact of the ole?n is 
with the cold hydrocarbon at approximately 20° F. The 
ole?n is better absorbed at a low temperature in the acid. 
With the arrangements shown, not only is this tempera 
ture differential maintained for the ole?n relative the re 
cyling ?uids in the reactor vessel, independent of the 
heat exchanging system employed, or whether any heat 
exchanging system is employed within the reactor, and 
better yield, less side reactions, uniform dispersion of the 
acid and ole?n relative one another and the circulating 
hydrocarbons in the vessel are achieved. Less polymeri 
zation of the ole?ns occurs. Immediate intimate mixing 
of the acid, ole?n and recycle hydrocarbons is also pro 
vided. It may also be noted here that the alkylation sys 
tem of FIG. 4 shows a relatively cold ?uid protected 
against a relatively hot circulating mass. On the other 
hand, the urea system of FIG. 3 shows a relatively hot 
gaseous mixture protected against a relatively cold liquid 
slurry recycle in a reaction vessel. Thus it is evident 
that in the concentric feed method and apparatus, any 
desired temperature differential of the inner input feeds 
may be provided, either positive or negative. Additional 
ly, a jet nozzle may be employed in the end of pipe 116 
in the alkylation system, if desired. 
From the foregoing it will be seen that this invention 

is one well adapted to attain all of the ends and objects 
hereinabove set forth together with other advantages 
which are obvious and which are inherent to the method 
and apparatus. 

It will be understood that certain features and sub 
combinations are of utility and may be employed without 
reference to other features and subcombinations. This 
is contemplated by and is within the scope of the claims. 
As many possible embodiments may be ‘made of the 

invention without departing from the scope thereof, it 
is to be understood that all matter hereinabove set forth 
or shown in the accompanying drawings is to be inter 
preted as ‘illustrative and not in a limiting sense. 
Having thus described my invention, I claim: 
1. In a method of controlling the temperature of a 

blend of ?uids wherein a closed, cyclic ?owing stream of 
either of said blends is established in a reaction vessel 
xaxially of a circulating tube therein, the stream passing 
through said tube, then around its exterior surface, at 
least two reactive feed components are ?owed into said 
vessel and cyclic ?owing stream whereby to make up, 
with their reaction products, at least a portion of said 
stream, the tempered blend is withdrawn from the closed, 
cyclic ?owing stream at a rate less than the flow rate of 
the closed, cyclic ?owing stream, a mixing step is pro 
vided in said tube and stream and wherein at least one of 
the feed components is optimally retained at a tempera 
ture substantial-1y different from that of the closed, cyclic 
flowing stream until it is dispersed therein and mixed 
with the other component, the improvement which coin 
prises ?owing said two reactive feed components of the 
blend into said stream substantially centrally thereof and 
centered with respect to said mixing step in such manner 
that the less temperature critical component ?ows con 
centric to the ?ow of the more temperature critical com 
ponent whereby to maintain the temperature differential 
of the latter feed component relative to the cyclic stream 
until it is dispersed therein by virtue of the isolation and 
insulation of the same by the outer component ?owing 
concentric thereto, both of said components introduced 
into said stream immediately prior to said mixing step. 

2. A method ‘as in claim 11 wherein the feed component 
having a temperature differential relative the cyclic ?ow 
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ing stream is at a lower temperature than that of said 
cyclic ?owing stream. 

3. A method as in claim 1 wherein the feed component 
having a temperature differential relative the cyclic ?ow 
ing stream is at a higher temperature than that of the 
cyclic ?owing stream. 

4. A method as in claim 1 including the step of heat 
exchanging the feed component fed circumferentially of 
the said feed component desired to be maintained at a 
temperature differential relative the cyclic ?owing stream 
in such manner as to maintain said differential before 
the components are fed into the reacting vessel. 

5. A ‘method as in claim 4 wherein the circumferential 
feed component is cooled whereby to maintain the inner 
feed component cooler than the cyclic ?owing stream. 

6. A method as in claim 4 wherein the circumferential 
feed component is heated whereby to maintain the inner 
feed component hotter than the cyclic ?owing stream. 

7. In a process of alkylation of isopara?inic hydro 
carbons with ole?nic hydrocarbons in the presence of an 
acid catalyst at a controlled temperature wherein a blend 
of alkylate, excess acid, excess isoparaf?nic hydrocarbons 
and the like are ?owed in a reaction vessel in a closed 
cyclic stream axially of a circulating tube therein, the 
stream passing through said tube, then around its ex 
terior surface at a ?ow rate greater than the ?ow rate of 
the alkylation feed components into the vessel, a mixing 
step provided in said stream in said vessel, the blend being 
withdrawn from the closed, cyclic ?owing stream at a 
rate less than the ?ow rate of the closed, cyclic ?owing 
stream, the ole?nic hydrocarbons being optimally retained 
at a temperature lower than that of the closed, cyclic ?ow 
ing stream until they are dispersed therein and mixed 
with the isopara?inic hydrocarbons and acid, the improve 
ment which comprises feeding chilled isobutane and ole 
?nic hydrocarbons into the blend with the chilled iso 
butane being fed concentric to the ole?nic hydrocarbons 
until the isobutane and ole?nic hydrocarbons are dis 
persed in said stream, said osobutane and ole?nic hydro 
carbons passed into said stream immediately prior to 
said mixing step. 

8. A process as in claim 1 including the step of im 
mediately dispersing the concentric feeds in the closed, 
cyclic ?owing stream by impacting them upon a distribut 
ing surface in the reaction vessel. 

9. A process as in claim 1 including the step of im 
mediately highly mixing and dispersing the concentric 
feeds one with the other in the closed, cyclic ?owing 
stream. 

10. In a process of forming ammonium carbamate by 
reaction of ammonia and carbon dioxide in a mineral oil 
carrier wherein a slurry of mineral oil, ammonium car 
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bamate crystals and excess reactants are ?owed in a re 
action vessel in a closed, cyclic stream axially of a circu 
lating tube therein, the slurry passing through said tube, 
then around its exterior surface at -a ?ow rate greater than 
the ?ow rate of the reaction feed components into the 
vessel, the slurry being withdrawn from the closed, cyclic 
?owing stream at a rate less than the ?ow rate of the 
closed, cyclic ?owing stream, a mixing step present in 
said stream, the ammonia ‘and carbon dioxide being op 
timally retained at a temperature above that of the closed, 
cyclic ?owing stream until they are dispersed therein and 
mixed with the mineral oil carrier, the improvement 
which comprises feeding the mineral oil carrier and iam 
monia and carbon dioxide into the recycling slurry with 
the mineral oil carrier being fed concentric to the am 
monia and carbon dioxide until the feed constituents are 
dispersed in said slurry, said carrier, ammonia and car 
bon dioxide being passed into said slurry immediately 
prior to said mixing step. 

11. A process as in claim 10 wherein the ammonia 
and carbon dioxide are mixed While fed centrally of the 
mineral oil carrier. 

12. A process as in claim 10 including heat exchang 
ing the reaction vessel to maintain the recycling slurry at 
the desired crystallization temperature for the ammonia 
and carbon dioxide. 

13. A process as in claim 10 including heating the 
mineral oil before feeding it concentric to the ammonia 
and carbon dioxide. 

14. A method as in claim 1 including the step of im 
mediately dispersing the concentrically fed constituents in 
the closed cyclic ?owing stream by impacting them upon 
a distributing surface in the reaction vessel. 

15. A process as in claim 14 wherein the impacting 
step immediately precedes the mixing step. 
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