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This invention relates to mixing of hydrocarbon oils 
or liquids with chemicals or aqueous liquids and more 
particularly relates to such mixing using an opposed flow 
In 1Xer. 

in the continuous chemical treatment of hydrocarbon 
oils such as petroleum distillates it is desirable to ob 
tain intimate mixing of the chemical or aqueous and 
distillate streams. Following chemical treatment the 
distillate is mixed or washed with water to remove re 
sidual chemical. The cost of treating facilities is in 
fluenced by the pressure drop required to mix the distil 
late with chemicals or water through the contacting or 
mixing device. In addition, the capacity of existing 
treating units is often limited by the same pressure drop 
considerations. w 

Orifice mixers are known for mixing petroleum distil 
lates with water to remove caustic but the amount of 
mixing energy is greatly in excess of that required in 
the present invention. Also orifice mixers are designed 
for one specific flow rate and when it becomes neces 
Sary to change the flow rate, the mixing energy result 
ing from the orifice mixer is no longer the optimum. 
The mixing energy of the opposed flow mixer of the 
present invention can be adjusted to obtain the optimum 
at any rate. Orifice mixers tend to plug easily, result 
ing in increased mixing beyond the desired range and 
finally in decreasing the throughput or shutting down the 
unit. Maintenance of orifice mixers, particularly clean 
ing, is time consuming and expensive. The opposed flow 
mixer of the present invention does not plug readily and 
if it does plug after long use, cleaning can be done quickly and inexpensively. 

According to the present invention, mixing of hydro 
carbon oils and aqueous liquids is obtained with negli 
gible pressure loss in the distillate system by jetting or 
directing the flow of chemical or aqueous liquids against 
the flow of the hydrocarbon oil stream in a line as it 
passes from one drum to another in the process. More 
particularly the chemical or aqueous liquid is introduced 
through concentric pipes and the intensity of mixing 
can be varied as desired by changing the flow of chem 
ical or aqueous liquid through the concentric pipes or 
lines. 

In the drawing: 
Fig. 1 represents a diagrammatic showing in side ele 

Vation of one form of apparatus having vertical pipes 
between certain tanks; 

Fig. 2 represents a diagrammatic showing in plan of a 
similar apparatus having horizontal pipes between cer 
tain tanks; and, 

Fig. 3 represents a vertical cross section of a detail 
showing the mixing means including concentric pipes or 
lines for introducing the chemical or aqueous liquid. 
The invention will now be specifically described in 

connection with caustic treating of kerosene and then 
water washing to remove as much caustic as possible, 
but the invention is not to be restricted thereto as it may 
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2 
be used for treating or purifying other hydrocarbon oil 
fractions such as naphtha, heating oil or the like with 
treating solutions or washing liquids. The present in 
vention may be used for removing doctor solution 
(caustic solution of lead oxide) and lead sulfide from 
doctor treated naphthas and kerosenes. It may also be 
used for removing hypochlorite from treated naphthas. 

Referring now to Fig. 1 of the drawing, the reference 
character 10 designates a line for conducting a petroleum 
distillate such as kerosene to a mixing means 2 such as 
an orifice mixer. Prior to going to the mixer 12, caustic 
Solution or other treating liquid is introduced into line 
0 through line 4. Mixing of the distillate and caustic 

is carried out in the mixer 12. 
From mixer 12 the mixture then passes through line 

6 into a settling drum 18 to allow separation of as much 
of the caustic solution as possible. More than one set 
tling drum 18 may be used, if desired. A bottom drain 
22 is provided for removing the settled caustic. The 
treated distillate containing emulsified water and some 
caustic is withdrawn from the top of the drum 8 through 
horizontally extending line 24 which is connected with 
a vertical U-bend 26 made up of a vertically extending 
line 28, a horizontally extending bottom line 39 and 
a second vertically extending line 32. Means 34 are in 
cluded for jetting or introducing water into the bottom 
portion of vertically extending line 28 against the flow 
of distillate which as shown in the drawing flows from 
line 28, through line 39 and then through line 32. The 
mixing means 34 is shown in detail in Fig. 3 and will 
presently be described in greater detail. 
The mixture flows from vertical line 32 through hori 

Zontally extending line 36 into a second settling drum 
38 for separating water and washed-out caustic which 
is removed as a bottom stream through line 40. More 
than one settling drum 33 may be used, if desired. The 
purified distillate is withdrawn overhead through line 42 
to a final separating Zone such as a filter or the like for 
removing. Substantially all the remaining water in the 
distiliate. Such filtering is well known in the art and 
is not shown in the drawing and need not be further. 
described here. Horizontal line 24 is provided with a 
pressure gage or the like 44 and horizontal line 36 on 
the other side of U-bend 26 also has a pressure gage 
or the like 46. The pressure gages are used to measure 
the pressure drop across the mixing step carried out with 
an opposed flow mixer as above described. 
In Fig. 3 is shown a detailed view of the mixing means 

34. The section of pipe 28 is shown as having a closed 
bottom end 43 which may be a flanged head through 
which extend the unobstructed concentric tubes or sec 
tions of pipe 50 and 52. The diameter of pipe 50 is 
of course sufficiently smaller than that of pipe 52 to pro 
vide an annular space therebetween, as shown, to per 
mit flow of fluid out of pipe 52. For repair or cleaning 
flanged head 48 may be removed and concentric lines 
50 and 52 removed quickly. Reassembly is also easy. 
The upper ends of the pipes 50 and 52 are open and ter 
minate at the same level at 54. The ends at 54 are 
above the top of the point at which the continuation 
pipe section 30 joins the pipe section 23, the pipe sec 
tion 30 constituting the bottom of U-bend 23. The in 
ner smaller pipe 56 extends below outer pipe 52 and 
has an inlet line 56 for water or other treating or puri 
fying liquid. Line 56 is provided with valve 58. 
The outer larger pipe 52 has a lower horizontal ex 

tension 66 with a valve 62 to provide an inlet for wa 
ter or other treating or purifying liquid. Outer larger 
pipe 52 is concentric with and of smaller diameter than 
pipe 28 to provide an annular space 63 for the down 
ward flow of the mixture resulting by injecting water 
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from lines 50 and 52 into the distillate flowing down in 
pipe 28. As shown by arrow 64, the flow of distillate 
in vertical pipe 28 is down while the flow of liquid from 
concentric pipes 50 and 52 is up or in opposed flow to 
the flow of the distillate. Control of the degree of 
mixing is obtained by varying the flow of water or other 
treating liquid through either of the two concentric lines 
or pipes 50 and 52. 

In this arrangement and jetting water through pipes 
50 and 52 against the flow of the distillate in Ver 
tical line 28 there is obtained exceedingly good mixing 
with little or no pressure drop or loss in the distillate 
system as indicated by pressure gages 40 and 46. While 
it is not known exactly what happens at the region of 
contact of the immiscible liquids, it is known that ex 
ceeding good mixing is obtained and it is believed that 
liquid from smaller line 50 of the opposed flow mixer 
moves more or less in a straight line outward from the 
mixer and that liquid from the larger concentric line 52 
flares out and down toward the inner wall of line 28 in 
a manner to contact all the distillate stream passing down 
through line 28. The flow pattern formed by the concen 
tric lines 50 and 52 is largely responsible for the good mix 
ing or intimate contacting obtained and may be said to 
resemble an inverted umbrella. However, the invention 
is not to be restricted to this theory of operation. 
To obtain a further improvement another mixing 

means of the same construction as mixing means 34 may 
be added as shown at 66 to inject water or other liquid 
into the horizontal line 24 in a direction opposite to the 
flow of distillate therethrough. 

Referring now to Fig. 2 there is shown a system simi 
lar to Fig. 1 wherein the same reference characters are 
used to designate the same parts with the exception of 
the U-bend 68 which in Fig. 2 is shown as arranged sub 
stantially in a horizontal plane. In Fig. 1 the U-bend 26 
is arranged in a substantially vertical plane. U-bend 68 
has a horizontal line 72 communicating at a right angle 
with horizontal line 74 and line 72 communicates with 
another horizontal line 76 which is substantially parallel 
to line 72. Mixing means 34 injects water or other treat 
ing liquid into line 72 against the flow of distillate in 
line 72. If desired, a second mixing means 66 may be 
installed for injecting treating liquid into horizontal line 
24 as above described in connection with Fig. 1. 
The invention will now be described in connection with 

the treating of kerosene to remove caustic therefrom. 
The mixing energy (foot pounds per pound of kerosene) 
has been determined by tests for the maximum percent 
caustic reduction and for maximum percent water reduc 
tion with different amounts of wash water on distillate 
feed. The amounts of wash water used may be varied 
between about 5 and 20% by volume on the distillate 
feed being treated. For larger units wash water amounts 
greater than 20% by volume of distillate may be used. 
The amounts of wash water used were 5, 10 and 15% by 
volume on the distillate feed being treated. For the par 
ticular design which will be presently described in greater 
detail it was discovered that improved mixing and sepa 
ration of the caustic and water were obtained when about 
10% by volume of wash water on the distillate feed was 
used and when about 40 to 80%, preferably 55%, of 
the total water used as the treating liquid introduced 
through mixing means 34 was introduced through outer 
line 52 as an annular stream and the rest of the treating 
liquid water was introduced through inner line 50 as a 
single stream. The pressure drop or loss through the dis 
tillate system as indicated by pressure gages 44 and 46 
was negligible. If all the wash water is passed through 
outer line 52 and none through inner line 50, fair reduc 
tion of caustic and poor removal of water is effected. 
The same is true if all the water is passed through inner 
line 50 and none through outer line 52. 

In a unit for treating kerosene where the feed rate of 
kerosene is 20,900 barrels per day and the feed rate of 
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4. 
caustic solution is 204 barrels per day of 1 Baumé caus 
tic, the kerosene and caustic are mixed in an orifice mixer 
12 comprising a vertical vessel of about 20 feet long, 10 
inches in diameter and provided with 6 orifice plates 
spaced 24 inches apart by spacers which are 10 inches in 
diameter. Each plate is provided with an orifice of 4% 
inches in diameter. Line C leading to mixer 12 is 8 
inches in diameter and flares out 10 inches where it con 
nects to mixer 12. The treated kerosene leaving settling 
drum 18 through line 24 has a caustic content of about 
20 parts per million and a water content of 0.4 wt. percent. 
The treated kerosene leaving drum 38 has a caustic con 
tent of 3.8 parts per million which is a reduction of 82%. 
The treated kerosene leaving drum 38 has a water content 
of about 0.1% by weight which is a reduction of 70%. 
The total amount of wash water introduced through 

mixing device 34 through lines 56 and 60 was 2170 barrels 
per day and about 55% of the total water was passed 
through outer pipe 52. The amount of water passing 
through concentric pipes 50 and 52 is regulated by valves 
58 and 62. The water introduced through line 56 was 
under a pressure of about 21 p.s. i.g. and the Water intro 
duced into line 60 was under a pressure of about 19 
p.s. i. g. The treated kerosene passing through line 36 
was well mixed and it separated into two phases readily 
in settling drum 38. The treated kerosene leaving drum 
38 through line 42 has a caustic content of 3.8 parts per 
million and a water content of 0.13 wt. percent. When 
this treated kerosene from line 42 was filtered to remove 
the remaining entrained water a water white kerosene sub 
stantially free of caustic and water was obtained. 
The pressure at pressure gages 46 and 44 read 11.5 and 

10.0 p.s. i.g., respectively, which shows that the pressure 
drop or loss is negligible. 

In the above treating unit the line 28 has a diameter 
of 8 inches, outer pipe 52 has a diameter of 3 inches and 
inner pipe 50 has a diameter of 1 inch. Line 28 should 
be at least 10 feet long to realize the full beneficial effects 
of the opposed flow mixer and in the present unit was 
20 feet long. If a second opposed flow mixer is used 
at 66, line 24 should be at least 10 feet long also. The 
upper end 54 of pipes 50 and 52 extends 16 inches above 
the center line of horizontal pipe 30. 

For larger treating units the concentric pipes 50 and 
52 are made of larger diameters. 
By adding a second mixing means 66 like mixing means 

34 in series with it and arranging it as shown in Fig. 1 
to be jetted against the flow of liquid distillate in line 24 
it is possible to obtain further caustic removal with little 
or no increase in pressure loss in the distillate system. 

In the above specific example with the unit described 
the distillate feed rate may be increased to about 24,000 
barrels per day with the same good results. At this greater 
feed it is desirable to increase the percentage of water 
passing through outer pipe or line 52 above that given 
in the specific example. 

In the apparatus shown in the drawing the opposed 
flow mixer of this invention, such as shown in Fig. 3, may 
be used instead of orifice mixer 12, being arranged in a 
manner similar to that shown in Figs. 1 and 2 so that the 
caustic solution is passed through concentric lines 50 and 
52 against the flow of distillate. In this case another op 
posed flow mixer 34 will be used for the introduction of 
the wash Water. The opposed flow mixer of this invention 
may also be used instead of an orifice mixer to mix 
naphtha with a hypochlorite sweetening solution and in 
this case another opposed flow mixer such as shown at 
34 and Fig. 3 is used to remove hypochlorite solution 
from the treated naptha. The opposed flow mixer of this 
invention may also be used to mix two miscible liquids 
Such as heating oil and diesel oil or the addition of tetra 
ethyl lead fluid, inhibitor solution, or dye solution to hy 
drocarbon streams. 

While specific details have been given as to one unit 
it is to be understood that these are by way of illustration 
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only and changes and modifications may be made without 
departing from the spirit of the invention. 
What is claimed is: 
1. In a process for contacting a hydrocarbon liquid 

with another liquid immiscible therewith, a first of said 
liquids being transferred from one zone to another zone 
as a confined stream, the improvement for obtaining inti 
mate contact between said two liquids which comprises 
injecting the second of said liquids as a plurality of sepa 
rate concentric confined streams into said confined stream 
of said first liquid against the flow of said first liquid 
in an unobstructed Space with negligible pressure drop 
in the stream of said first liquid, all of said streams of 
said second liquid being concentric with said stream of 
said first liquid, and then flowing the resultant mixture 
in the direction of flow of said first liquid past the region 
of injection of said second liquid. 

2. In a process for removing chemical treating agents 
from a hydrocarbon oil that is being transferred as a 
confined flowing stream from a treating zone to a settling 
Zone, the improvement which comprises injecting water 
as a plurality of separate confined concentric streams 
into the said confined stream of hydrocarbon oil against 
the flow of the hydrocarbon oil in an unobstructed space 
with negligible pressure drop in the flowing stream of 
hydrocarbon oil, all of said streams of water being con 
centric with said hydrocarbon oil stream, and then flow 
ing the resulting mixture of hydrocarbon oil and water 
into said settling zone. 

3. A process as defined by claim 2 wherein the direc 
tion of flow of the mixture of hydrocarbon oil and water 
is changed 90° after injection of the confined streams of 
Water. 

4. A process as defined by claim 2 wherein said hydro 
carbon oil comprises a petroleum distillate that has been 
treated with caustic in said treating zone, wherein the 
amount of water that is injected into the confined stream 
of said distillate is about 10% by volume of the distillate, 
and wherein about 55% of the water that is injected passes 
through the outermost of the concentric streams of water. 

5. A process for treating a hydrocarbon liquid which 
comprises mixing the said hydrocarbon liquid with an 
aqueous treating liquid, passing the mixture into a first 
settling zone to separate treating liquid and impurities, re 
moving the so-treated hydrocarbon liquid from said set 
tling zone as a confined stream, injecting water as a plu 
rality of separate confined concentric streams into the 
said confined stream of hydrocarbon liquid against the 
flow of the hydrocarbon liquid in an unobstructed space 
with negligible pressure drop in the flowing stream of 
hydrocarbon liquid, all of said streams of water being 
concentric with said hydrocarbon liquid stream, con 
tinuing the flow of the resulting mixture of water and 
hydrocarbon liquid into a second settling Zone to sepa 
rate water from the hydrocarbon liquid, and removing 
treated hydrocarbon liquid from said second settling 
Z.O.C. 

6. An apparatus of the character described which in 
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6 
cludes a first unobstructed section of pipe for conducting 
liquids therethrough, a piurality of concentric pipe sec 
tions of smaller diameter thail said first pipe section hav 
ing unobstructed portions extending a short distance into 
and concentric with said first pipe section, and separate 
valve means attached to each of said smaller pipe sections 
for controlling the amounts of fluids introduced through 
said Smaller pipe sections into said first pipe section, the 
relative diameters of all of said pipe sections being such 
as to provide annular spaces between each pipe section 
and each next smaller section whereby fluid may be in 
troduced into said first pipe section through each of said 
other pipe Sections in a direction opposite to that of fluid 
flow in said first pipe section and fluid flow may continue 
in the first pipe section through the largest of said an 
nular spaces. 

7. An apparatus as defined by claim 6 including closure 
means at one end of said first pipe section and a continu 
ation pipe section joining said first pipe section at right 
angles thereto adjacent said end, said smaller diameter 
pipe sections entering said first pipe section through 
said closure means and terminating in said first pipe 
Section beyond the point of junction with said continu 
ation pipe section. 

8. An apparatus of the character described which in 
cludes a first settling drum and a second settling drum, 
conduit means for conducting treated liquid from the top 
of said first drum to said second drum, said conduit means 
including a tubular U-bend, and mixing means for intro 
ducing liquid into one leg of said U-bend, said mixing 
means comprising a plurality of concentric unobstructed 
pipe sections extending a short distance into said U-bend 
leg and concentric therewith and separate valve means 
attached to each of said pipe sections for controlling the 
amounts of liquid passing through said pipe sections, the 
relative diameters of said U-bend leg and of each of said 
pipe sections being such as to provide annular spaces be 
tween each of said pipe sections and between the largest 
of said pipe sections and said U-bend leg whereby liquid 
may be introduced into said U-bend leg through each of 
said pipe sections in a direction opposite to that of liquid 
flow in said U-bend leg and fluid flow may continue in 
the U-bend leg through the largest annular space. 

9. An apparatus according to claim 8 wherein said 
U-bend is arranged in a vertical plane. 

10. An apparatus according to claim 8 wherein said 
U-bend is arranged in a horizontal plane. 
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