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3,297,043 
CQNTINUUUS FLUW C(IUNTER-CURRENT LIQ 

UID AND SGLIIIS CUNTAET APPARATUS 
Robert E. Adams, Hudson, NXL, assignor to Gifford 
Wood, Inc., Newton, Mass, a corporation of Massa 
chusetts 

Filed Jan. 4, 1965, §er. No. 422,943 
5 Claims. (tCl. I34-6tl) 

This invention relates to counter-current liquid and 
solids continuous contact apparatus, commonly called a 
counter-current contactor. 
An object of the invention is to provide a horizontal 

counter-current contactor which provides continuous, uni 
form liquid-solid contact for extracting, leaching, ion 
exchange, decoloring, deodorizing, crystallizing, washing, 
?otation processes and the like. 
An important feature of the invention resides in the 

provision of adjustable paddles arranged to form an inter 
rupted helix, the paddles slowly lifting the solid material 
from a trough, tumbling it gently and advancing it up 
stream continuously counter to the direction of liquid 
flow. 
A further object and feature of the invention resides 

in the provision of novel and simpli?ed means for trans 
ferring solid material from one trough to the next trough 
of the apparatus or to any appropriate vessel or conveyor. 
Another object is to provide an apparatus of the men‘ 

tioned character which may be constructed in units and 
which units may be arranged in a variety of ways to ac 
commodate a number of related processes. 
Some of the operating advantages of the apparatus are 

the following: it allows continuous operation without 
down time for repacking columns, flushing, or regenerat 
ing; continuous counter-current flow also eliminates start 
of-run and end~of~run differences, allows controlled uni 
form e?'luent; ‘samples or side streams of liquid or solid 
material or both may be removed or introduced at selected 
points; gentle “lubricated” tumbling of solids minimzes 
or eliminates attrition of valuable solids such as ion ex 
change resin beads; the contactor may be jacketed for 
heat transfer, if desired; troughs can be rubber-lined, if 
desired; for certain applications wipers may be added to 
the paddles to provide a continuous self-cleaning action. 

Other objects and advantages of the invention will be 
apparent during the course of the following description. 

In the accompanying drawings forming a part of this 
application and in which like numerals are employed to 
designate like parts throughout the same, 
FIGURE 1 is a plan view of a basic unit of the ap 

paratus embodying the invention; 
FIGURE 2 is an enlarged transverse vertical section 

taken on line 2—2 of FIGURE 1; 
FIGURE 3 is a fragmentary vertical section taken'on 

line 3--3 of FIGURE 2; 
FIGURE 4 is a perspective view of a solid material 

transfer scoop; 
FIGURE 5 is an enlarged transverse vertical section 

taken on line 5-5 of FIGURE 1; 
FIGURE 6 is a fragmentary sectional view similar to 

FIGURE 5 and illustrating a different operating position 
of a transfer scoop and associated elements; 
FIGURE 7 is a perspective view of a modi?ed form 

of transfer scoop; 
FIGURE 8 is an enlarged fragmentary side elevation 

of a rotary shaft and adjustable paddles forming a fea 
ture of the invention; 
FIGURE 9 is an enlarged fragmentary vertical sec 

tion taken on line 9-9 of FIGURE 8; 
FIGURE 10 is a flow diagram for the basic unit shown 

in FIGURE 1; and 
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FIGURE 11 is a partly diagrammatic plan view of a 

system utilizing a plurality of the basic units shown in 
FIGURE 1. 

In the drawings, wherein for the purpose of illustra 
tion is shown a preferred embodiment of the invention, 
attention is directed first to FIGURES 1 through 10 of 
the drawings, pertaining to a single basic unit of the in 
vention apparatus. In these ?gures, the numeral 20 des 
ignates a single independent unit of a counter-current 
contactor in its entirety. The unit 2t} may be supported 
at the desired elevation on a suitable supporting frame 
work or leg structure, not shown, and forming no part of 
the present invention. 
The unit 2@ consists basically of three parallel elon~ 

gated U-shaped troughs 21, 22 and 23 which are of equal 
length and which extend substantially for the entire length 
of the unit Zii. The vertical side walls 24‘- of the three 
troughs are all of the same height and the two outermost 
troughs 21 and 23 have outer side walls: 25 which extend 
above the tops of the side walls 24-, FIGURE 2. The outer 
most side walls 25 are strengthened by a series of cross 
braces 26 interconnected with longitudinal bars or braces 
27. Any alternate structure may be employed to render 
the shell of the unit 25) su?iciently rigid, the shell being 
formed of sheet metal. The unit 20 may also embody 
an underlying casing or housing 28 below the bottoms of 
the several troughs 21, 22 and 23. 

Within each trough 21, 22 and 233 and extending length 
wise and centrally therein for the entire length thereof is 
a rotary shaft having secured thereto adjustably a 
plurality of radial paddles 34], which collectively form 
an interrupted helix. As will be fully explained, the pad 
dles 3t) lift solid material from the bottom of the trough, 
tumble it gently and advance it upstream counter to the 
flow of liquid through the trough, the liquid moving by 
hydraulic gradient and not requiring a pressure feed. 
Each paddle 30 is a ?at plate element having diverging 

side edges SI and a circularly curved peripheral edge 32. 
The paddle is rigidly anchored to an adjusting rod 33 
which in turn is connected with the rotary shaft 2? by 
means of adjustable screw-threaded part 34, or the like, 
as shown in FIGURE 9. Other forms of connections 
'between the paddles 3th and shaft 29 may be employed. 
In any event, each paddle 3%‘ may have its pitch or angle 
changed with reference to the shaft 29 as depicted in 
broken lines at the left-hand portion of FIGURE 8. The 
adjustability of the paddles enables them to ‘be accurately 
set to elevate various solids from the ‘bottom of the 
trough. Some solids behave differently from others and 
the adjustability feature is therefore necessary. The 
paddles 30 are also set to overlap longitudinally of the 
shaft 29 so that the solids are gently tumbled from one 
paddle to the next while in maximum contact with the 
counter flowing liquid. The arrangement of the several 
lbase paddles to form an interrupted helix is basic in 
allowing the liquid to ?ow by gravity reversely to the 
advancement of the solids through the liquid stream. 
Intimate contact of the solids with the liquid is obtained 
without restricting liquid ?ow. 
The end portions of the three shafts 29 are supported 

exteriorly of the end walls 35' and 36 of the multiple 
trough structure, FIGURE 1, by means of sturdy bear 
ings 3 which may be bracketed to the end walls or suit 
ably tied in to the underlying supporting frame struc 
ture, not shown. This outboard arrangement of bear 
ings relieves the sheet metal trough structure from the 
direct support of the shafts 29'. 
As shown in FIGURE 1, the three shafts are geared 

together at 38 and 39 to turn in unison and in the same 
direction as shown by the arrows in FIGURES 2 and 5. 
One shaft may be powered ‘by suitable gearing 4t} driven 
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by an underlying variable speed drive not shown in the 
drawings. The unit 2ft may be of any practical length 
and the mechanical details of construction beyond those 
enumerated above are not important to the present in 
vention. 
The diagram in FIGURE 10 shows the essential paths 

of solids and liquids through the basic unit an of the 
apparatus. The path of the solids is indicated by the solid 
line 41 and the path of the liquid ‘by the broken line 42. 
The diagram clearly shows the counter flow of the liquids 
and solids through the three troughs 21, 22 and 23. With 
continued reference to FIGURE 10, there is shown dia 
grammatically a solids outlet 43 at one end of the trough 
21 and at this outlet there will be no liquid flow because 
the liquid is introduced into the trough 2i slightly down 
stream from the outlet 43. At the remote end of the 
trough 23, there is a liquid outlet 434 and solids are intro 
duced into the system slightly upstream from the outlet 
44. There are two additional points in the unit 20, FIG 
URE 10, indicated at 45 and 46, where solids are trans 
ferred from one trough to the next without interfering 
with the counter ?ow of liquid. The structures shown 
particularly in FIGURES 2 through 7 of the drawings 
provide for these transfers of solids and/ or liquid from 
trough-to-trough or from unit-to-unit of the invention. 
FIGURE 2 shows the three troughs 21, 22 and 23 and 

1 associated elements in cross section adjacent the liquid 
outlet 44 previously referred to in FIGURE 10. At the 
liquid outlet 44‘, a discharge receptacle 4'7 or the like is 
provided upon the outer side of the trough 23 at one end 
thereof, FIGURE 1. A vertically adjustable weir 48 is 
provided to regulate the out?ow of liquid from the trough 
23 into the receptacle 47, and this Weir also controls the 
liquid level in the entire system or in the three troughs 
of the unit 2t), It may 1be observed in FIGURE 2 that the 
paddles 30 in each trough 21, 22 and 23 are properly 
pitched to cause advancing of the solids in the direction 
of flow indicated in FIGURE 10 by the solid line in that 
?gure when the several shafts 29 are turning in the di 
rection indicated in FIGURE 2. The liquid in the system 
of course flows in the opposite direction as previously 
explained. 
The previously mentioned transfer point 45 for solids 

and liquid between the troughs 21 and 22 is also shown 
in FIGURE 2. Means are provided at this point to 
transfer solids from the trough 22 to the trough 21, with 
out interrupting the counter ?ow of liquid from the trough 
21 to the trough 22. This means comprises, in FIGURES 
2-4, a scoop device 49 for solids having a tubular hub 
50 cross-bolted rigidly to the shaft 29 as at 51. The scoop 
device 49 therefore turns with the shaft 29 in trough 22. 
The scoop device comprises diametrically opposed re 
versely curved scoop blades 52 whose tips 53 pass close 
to the wall of the trough 22, as shown. The scoop device 
also has side wall pontions 54 integral therewith, in turn 
having outwardly ?ared terminal straight edge portions 
55 for close contact with a coacting scavenger plate or 
scraper 56. The scavenger plate 56 has its upper end 
pivoted at 57 between a pair of the transverse braces 26 
and has a bottom transverse lip 58 which rests upon the 
scoop ‘blades 52 to scrape and transfer solids therefrom 
into the trough 21 during rotation of the shaft 25‘ in the 
trough 22. The scavenger plate 56 is freely suspended 
under the in?uence of gravity and merely rises and falls 
by the camming influence of the rotating 'blades 52, FIG 
URE 2. 
To effect the actual transfer of solids and liquid 

between the troughs 22 and 21, the adjacent side walls 
24 are notched as at 59, FIGURE 3. This forms a hori 
zontal edge 60 of reduced height over which the liquid 
can ?ow readily from the trough 21 to the trough 22 
and this edge is well below the top edge of the liquid 
outlet weir 48. The rotating scoop device 49, FIGURE 
2, coacting with the scavenger plate 56 elevates and 
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4 
smoothly transfers solids from the trough 22 to the trough 
21 and over the edge of} in the reverse direction to liquid 
?ow. The scavenger plate 56 with the lip 58 continu 
ously scrapes the solids from the two sections of the 
scoop device and forces them through the notch between 
the two troughs and into the trough 21. 
With reference to FIGURE 5, the previously-men 

tioned transfer point ‘i6 for solids and liquids is shown. 
Solids must be transferred from the trough 23 into the 
trough 22 while liquids ?ow freely in the reverse direc 
tion from the trough 22 into the trough 23, corresponding 
to the diagram in FIGURE 10. The adjacent trough 
side walls are again notched at 61, FIGURE 5, to pro 
vide a horizontal lip 62 identical to the previously 
described lip or edge 6%). The rotating scoop device 63 
for solids at the transfer point 46 and the coacting 
scavenger plate 64 are identical in construction and op 
eration to the previously-described elements 49 and 56 
and this structure and mode of operation need not be 
repeated herein. The arrangement, FIGURE 5, enables 
the counter passage of solids from the trough 23 to the 
trough 22 and liquid from the trough 22 to the trough 
23 exactly as described previously in connection with 
the transfer point 45. 
FIGURES 5 to 7 also depict a somewhat modi?ed 

scoop and scavenger plate means for use at the solids 
outlet 43. The outlet 43 must discharge the solids from 
the trough 21 at a higher elevation than the transfer 
points 45 and 46 because at this point or outlet 43, no 
liquid is discharged from the unit 20. This feature 
becomes particularly important where multiple units 20 
are employed in a more elaborate system employing 
multiple liquids, such as the system of FIGURE 11 to 
be described hereinafter. 

In FIGURES 5-7, a scoop device 64 is shown including 
essentially ?at parallel opposed scoop blades 65 whose 
tips operate close to the curved wall of trough 21. The 
blades 65 are connected by right angular extensions 66 to 
a hub 67 which is cross-bolted at 68 to the adjacent rotary 
shaft 29. The scoop blades 65 may be braced by di 
agonal braces 69 as shown. A somewhat modi?ed 
scavenger plate or scraper 70 is pivotally suspended as 
at 71 from the brace bars 26 and a stop element 72 
is provided on bar 26, FIGURE 5, to limit downward 
swinging of scavenger plate 70 as shown in FIGURE 6. 
The outer side wall portion 73 of trough 21 is some 

what elevated relative to the edges 6% and 62 to assure 
that no liquid will be discharged at the solids outlet 43 
and there is therefore a relatively high elevation dis 
charge of solids from the unit 20 as is desirable. A suita 
ble chute 74 or conveyor means or receptacle is provided 
at the solids outlet of the unit 20, FIGURE 5. The gen 
eral operation of the modi?ed scoop device 64 is similar 
to that of the scoop device 49. The scoop blades 65 
and their side wall portions 75 scoop and elevate the 
solids from the trough 21 and the coacting scavenger 
plate 70 scrapes the solid material from the two sections 
of the scoop and transfers it to the outlet chute 74 with 
out allowing any liquid outlet at this point. The basic 
difference in the apparatus at this point is the elevation 
of the outlet 43 and the scoop means has simply been 
modi?ed for this reason. In other respects, the appa 
ratus is essentially the same as previously described. 

It should now be apparent with regard to the single 
apparatus unit 20 that the counter-current or ?ow pattern 
for solids and liquid depicted in FIGURE 10 is fully 
attainable in a controlled manner and in such a way as 
to allow continuous uninterrupted and uniform liquid 
solid contact for a variety of processes. 
FIGURE 11 of the drawings is a partly diagrammatic 

showing of four of the basic units 20 connected up in 
such a manner that several different liquids may be em 
ployed for contact with solids, without allowing inter 
mixing of the liquids while still allowing ready transfer 
of solids from unit-to-unit of the system and from trough 
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to-trough within a particular unit. The same counter 
?ow of liquid within a particular unit of the system is 
also attained as in the prior basic form of the invention 
utilizing a single unit 20. Various systems can be devised 
with the apparatus unit 20 including systems involving 
series or parallel connected units. FIGURE 11 is illus 
trative of such a system. 
The several units 20 in FIGURE 11 are basically the 

same as the unit described in detail previously, FIGURES 
1-10, and will not be further described in detail. The 
system shown in FIGURE 11 provides for example an 
arrangement whereby several distinct liquids may be 
caused to contact a given solid, without any intermin~ 
gling of the liquids and while the solids are transferred 
from unit-to-unit of the apparatus containing the various 
treatment liquids. There may be an ion exchange treat 
ment in the unit 2t) at the bottom of FIGURE 11 followed 
by a ?rst washing of the solids, a regenerative treatment 
at the top of FIGURE 11 and a second washing, as 
shown. 

In FIGURE 11, the continuous path of solids from 
unit 20 to unit 26 of the system is shown by the solid 
line arrows 76. The counter ?ow of the particular liquid 
in each unit 20 is designated by the broken line arrows 
77. From an inspection of these full line and broken 
line arrows in FIGURE 11, it is readily apparent that 
the particular liquid in each unit 20 remains in that unit 
and is not transferred to a next adjacent unit 20 and 
therefore does not commingle or mix with any other treat 
ment liquid in the entire system. The solids, on the 
other hand indicated by the full line arrows, are trans_ 
ferred from unit-to-unit through the entire system to 
receive a separate treatment by a separate liquid ?owing 
counter thereto in each unit 20. Various like systems 
can be devised with the basic unit 20 and FIGURE 11 is 
illustrative. 
More particularly in FIGURE 11, solids enter a ?rst 

wash unit 20 at 78 from an ion exchange unit of the 
system indicated at 79. There is a solids transfer means 
80 at this point having one of the high level transfer 
scoops 64 and associated elements, previously described. 
The ?rst wash liquid enters the ?rst wash unit 20 as at 81 
and flows counter to the solids in this particular unit. 
The solids are transferred at $2 to the next unit 2-8 at 
the top of FIGURE 11 by another one of the previously 
descrilbed typical high level transfer means which pre 
vents the transfer of liquid while effecting the transfer 
of solids. The ?rst wash liquid discharges at 83 to a 
common sump 84 or the like, centrally located in the 
system. 
The solids transferred at 82 discharge onto a short 

solids conveyor 85 carrying the same into a regenerant 
unit 2d at 86. Regenerant liquid flowing oppositely to 
the solids enters at 87 and is discharged at 88 in FIGURE 
11. The solids are again transferred by transfer means 
89 to a second wash unit 26 of the apparatus designated 
90 in FIGURE 11. The second wash liquid enters this 
unit at 91 and is discharged at 92 to the common sump 84% 
after ?owing counter to the solids in the three troughs of 
the particular unit. After the second wash of the solids, 
they are transferred at 93 to a conveyor 94 which car 
ries the solids to the ion exchange unit 79. The ion ex 
change liquid enters this unit at 95 and discharges there 
from at 96. Each discharged liquid at a particular unit 
20 of the system is controlled by one of the weirs 48 
previously described, FIGURE 2. Each unit 20 has 
within it the previously described low level transfer points 
or means 45 and 46, see FIGURE 10, to allow transfer 
in the opposite direction of both solids and liquid within 
a particular unit 20 of the total system shown in FIG 
URE 11. As stated, the several liquids of the entire sys 
tem cannot and do not mix because of the high level 
transfer means for solids only between the several 
units 20. 
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It is thought that the versatility of the apparatus, its 

simplicity and its e?iciency of operation for a variety of 
processes will now be fully understood in view of the 
above description of the basic unit 20* and the typical 
system in FIGURE 11 employing a plurality of such 
units, it being understood that FIGURE 11 is in part 
diagrammatic. 

It is to be understood that the form of the invention 
herewith shown and described may be taken as a pre 
ferred example of the same, and that various changes in 
the shape, size and arrangement of parts may be resorted 
to, without departing from the spirit of the invention or 
scope of the subjoined claims. 
Having thus described my invention, I claim: 
ll. A liquid and solids continuous contact counter flow 

apparatus comprising a body portion including a plurality 
of side—by-side substantially coextensive troughs, a rotary 
shaft extending longitudinally through each trough, a 
plurality of spaced generally radial paddles on each shaft 
collectively forming an interrupted helical flight on each 
shaft, screw-threaded means adjustably connecting each 
paddle with each shaft independently so that the pitch 
of each paddle along each shaft may be adjusted, power 
operated gearing connected with the shafts to turn the 
same in unison and in the same direction in said troughs, 
low level solids transfer rotary scoops on said shafts in 
certain adjacent troughs of said apparatus for trans 
ferring solids from trough-to-trough and allowing liquid 
to flow in the opposite direction from trough-to-troug-h, 
and a high level rotary transfer scoop on at least one 
shaft of one trough to lift and transfer solids therefrom 
and preventing liquid from passing out of the last-named 
trough. 

2. A counter-current contactor for liquid and solids 
comprising a plurality of side-by-side elongated generally 
U-shaped substantially level troughs, a shaft extending 
rotatably and lengthwise through each trough, adjust-able 
pitch paddles on each shaft collectively forming an inter 
ruped helix on each shaft for advancing solids in one 
direction in each trough while permitting counter ?ow of 
liquid therein, means to drive said shafts in unison and 
in the same direction, low level transfer rotary scoops 
rigidly connected with certain of said shafts and driven 
thereby to transfer solids from one trough to another 
trough in said contactor and permitting counter flow of 
liquid between said troughs, a ‘higher level solids dis 
charge rotary scoop rigidly connected with another shaft 
of said contactor and driven thereby to lift and discharge 
solids from the contactor and retaining liquid therein, 
and a vertically adjustable weir on one side of the con 
tactor to regulate the outlet of liquid from one of said 
troughs and also regulating the level of liquid in all of 
said troughs of the contactor. 

3. The invention as de?ned by claim 2 and support 
bearings for each shaft spaced substantial distances out 
wardly of the ends of said troughs and relieving the 
troughs of the weight of said shafts, said shafts extend 
ing entirely through the troughs and beyond the ends 
thereof. 

4. A counter-current contactor for liquids and solids 
comprising a plurality of side-by-side elongated generally 
U-shaped substantially level troughs, a shaft extending 
rotatably and lengthwise through each trough, adjustable 
paddles on each shaft collectively forming an interrupted 
helix on each shaft for advancing solids in one direction 
in each trough while permitting counter flow of liquid 
therein, each of said paddles being a substantially ?at 
plate having an arcuate peripheral edge for close ?tting 
engagement with one of said troughs, a rod carrying each 
plate and extending radially of one of said shafts, con 
nector means between the rod and shaft allowing the rod 
to be turned on its radial axis to adjust the pitch of the 
plate relative to the shaft, means to drive said shafts in 
unison and in the same direction, low level transfer means 
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connected with certain of said shafts and driven thereby 
to transfer solids from one trough to another trough in 
said contactor and permitting counter flow of liquid be 
tween said troughs, a higher level solids discharge means 
connected with another shaft of said contactor and driven 
thereby to lift and discharge solids from the contactor 
and retaining liquid therein, and an adjustable liquid out~ 
let on one side of the contactor to regulate the outlet of 
liquid from one of said troughs and also regulating the 
level of liquid in all of said troughs of the contactor. 

5. In a continuous ?ow liquid and solids contact ap 
paratus, a substantially level trough adapted to have 
liquid flow therethrough continuously in one direction, 
a rotary shaft extending longitudinally Within said trough, 
an interrupted helical ?ight on said shaft turning there 
With to advance solids through the trough opposite to the 
direction of liquid ?ow therein, a rotary scoop device on 
said shaft near one end thereof to elevate solids within 
the trough, said scoop device comprising a tubular hub 
engaging telescopically over said shaft, and a pair of 
diametrically opposed arcuate scoop sections on the hub 
and turning therewith and conforming to the cross sec 
tional shape of the trough, each scoop section having a 
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curved scoop blade and side wall portions, and a coacting 
scavenger plate suspended above the scoop device and 
serving to remove solids from the scoop device during 
rotation thereof, said scavenger plate operating freely 
between the side wall portions and having a scraper lip 
engageable with said scoop blade, said trough having a 
side opening near the scoop device for the discharge of 
the solids elevated by the scoop device and removed 
therefrom by the scavenger plate. 
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