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1.0 Abstract

Limiting flov {(flooding) rates in comtimuous liquid-liquid counter-
caurrent extraction colums were investigated for hexone and dibutyl cello-
solve salvents, with agueous almminum nitrate concentrations of 1.0 and

2.0H.
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2.0 Introduction

The limiting filow (fleoding) ratee in liguid-liguid countercurrent
extrection systems depend upon the type of equipment and solutiom conditions.
Since Data vere mot availsble from other sources, it was necsspery to
dotermine these limiting flow rates Tor the "25" solvent extraction process
so that safe operuting renges could be established. The specific data here-
in apply cmly to certain conditions and equipment proposed for this proceés.
lowever, the values obtaived should serve as good approximaticne for opera-
tions in similay equipment using the same packing unterial and solvent with
comparrble agueous soluticms, but are not recormended as authentic values
excopt in cases vhere the eguipment and solution comditions avre idemtical.
No further work on determining limiting fiows is plamned for the present "25"

roecess.
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3.0 Sumery

Limiting flow rates for each phage in hexone systems proposed for the
"25" solvent extraction process, using a one to one agueocus o organic
flov ratio, were found to be: 570 gal/hr./sq.ft. with 3/8"x3/8" Raschig
rings, 465 gal/tr./oq.ft. with 1/4"=3/8" Reechig rings and 370 gal/tr./sq.ft.
with 3/16" helices packing. TFor these investigations the coutimuous phase
was 1.0M Alumimm nitrate. The curves in Figuve 2 through 6 show limiting
flow ram at various fiow ratios. Figure 2 ia fo& hexone~-agqueous otripping
salutions vith 3/16" helices packing im 1", 2" and 3" colums. TMguves 3
through 6 ave for dibutyl cellosolve with both agueous extraction amd stripp-
ing solutions using 3/8"x3/8" Rapchig rings, 1/4"x3/8" Raschig rings and
3/16" helices packings in 1-1/2" or 3" eolumms.

The gemeral canclusions are:

1. Trom tho stendpoint of limiting flow considerations, both
hezone and dibutyl cellosolve proved to be satisfactory
solvents for the comtimous liguid-liquid countercurrent
extraction process.

2. Within the range studied (1-1/2" to 3"), colum diamoter
has ro gppreciable affect upon the limiting flow vates.

3. ‘The limiting flow rates decrespe with a decvease in the
gize of packing materisls.

. Limiting flow rates ave higher for hexcne systems then for
aibutyl cellosolve systems.



4.0 Experimental Vork

4.1 Equipment

s e A owe

Limiting flow investigations werec made in 1-1/2", 2", and 3" glass

colums. The stainless steel packing material used weve: 3/8"x3/8" Raschig
rings, 1/4"x3/8" Reschig rings apd 3/16" helices vetained by a conical
stainless steel support (See Figure 1).

h.2 Solubtion Properties

Concentrations and properties are shown in Table No. 1 of the solu-

tions for two processes.

Teble Fo. 1
Solution Concentrations and Properties

| _ORGAWIC
Chewmical 8p. | Vie.# Chemical gp. [vis.* | INTERPACIAL
OPERATTON Composition | G. |(ceumtp.)|| Composition| G. |{cemtp.)] TENSIOI
iHexone Systems
Extraction Pl-wﬂ(%)ql.lﬁj 1,97 0.5M HN03 0.8031 0.59 9.7 &yves/en
O-GN ms
|stripping 0.1y H0, 1.000| 0.896 || 0.5M EWO5 0.804 | 0.59 | 11.0 ayves/en
(approximately)
s Rl '
ibutyl Cellosolve
0.1M Hi0, ; {Approxiustely)
ripping . 1M 1.000§ 0.896 fjo.1m 0.837 | 1.38 19 dynes/em
i - - R

%#These data were obitained fyam E. H. Turk of the Chemistry Divielon.
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In all systems investigated the squecus was the comtimmous phase
and bad the higher specific gravity. To start s rum the columm was filled
with aguecus phase, the organic flow started at a low rate, and an interface
was established. m_wﬂwmtemheldmmatapommthe
linltingﬂwmtobe-detamimd. To cbtain a first spproximation, the
organic flow rate was increased rapidly vwhile the squecus jeckleg was ad-
Justed to hold the interface comstant. When the intcrface could no longer
be held constant and/or it was poseible to cbserve organic "build-up" beneath
the packing support, the limiting flows bad been exceeded. Them the organic
flow rote was dscreased approximately 30 and an interface again esteblished.
To determine the limiting fiows more accurately, the orgenic was increased
very slowly in inevements of 10-15 gal./hr./sq.ft. every five mimites, and
the aqueous flow held constast. Vhen the interface again becams umcomtrollsble
and/or an organic "build wp" occurred bemeath the packing support, these
rates vere considered the limiting fiows. wmmmdﬂth
different setiings of the agueous flow wntil enough poiuts were dstexrmined
to cover the desired range for the limiting flow curves.
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4.4l Hexome Systems

Limiting flowe for hezome systems were Qetermined omly for
ope to one aqueous to organic flow ratios, with aqueous extractiom solutions.
Teble 2 shows that for these comditions in 3" colums the limiting flows
decresse with the size of packing meteriel. Using the 3/8"x3/8" Raschig
rings as the basis for comparison, the limiting flows were only 81% as hich
for 1/4"x3/8" Raschig rings and 65" as high for 3/16" helices. The limiting
rates for extraction solutions comtaining 0.10H eodium dichremste were idemtica

Table No. 2
Limit Flows
Bexone-Aquoous Brtrectios Bolutions

Conditions:
1. 3" glass columm 3. 131 Ag. to Org. flow retios
2. Packed height 31" ' k. Agqueous continuous phase
Packing Material Limiting Flows in gal./hr./sq.ft.#
3/8"x3/8" Raschig ~ings 572 : 572
1/%"23/C" Raschig rings 46k : L6k
3/16" helices 37 : 3N

¥Baged on cross-seotiomal aree of wpecked columm

with those with no dichromate.

Data for hexone with agueous stripping solutions were cbtained for
Limiting flov curves, using 3/16" belices packing in 1-1/2%, 27, and 3"
glass columns end are plotted in Figure 2. The curves are idemtical except
for deviatioms coused by experimental errer, which is + 30 gal/hw./eq.ft.




s -10- | CRIE,~96
for each phase. Some incomsistency can be seen by grouping the firet three
mmmwmswml-l/e”mm(mmmmax). Appevently
thismseauaﬂbyﬂmtercalibmtimma gince it wvas necessary to
upe different flowmeters for high and low renges.

1;.152 Dibutyl Cellosolve Sysiems

Dibutyl cellosolve systemc using both agueous extraction and
stripping solutions werc inwstigated with the wverious packing mterials in
3" glass columms, and with 3/16" helices packing ir 1-1/2  glass calums.
The curves in Figure 3 show that with extraction solutions, the total columm
throughpute for both pheses at the limiting fiows ave approximately:

950 galftr./sq.ft. with 3/8"x3/B" Raschig rings, 750 gal/br./sq.ft. with Rasehig
rings and 600 gel/hr./sq.f.t with 3/16" helices. When 3/8"x3/8” Reschig

rings are used as the basis for comparison the limiting flows ave sbout 79%

as hggh for 1/4"x3/6" Resehig ringa and 637 as high for 3/16" helices. The
curves for stripping sclutions shown in Figuve L ave sim.h:toﬁhoufcr
extyaction solutions; however, um:ltina flows are approxiwately 26 lower

for stripping solutions as shown in Figure 5.

4.43 Comparison of Solvent Systems

For stripping solution conditions in 1~i/2" colums with 3/16"
belices packing the limiting flows were spproximately 50 higher in hewone
systems (Soe Pigure 6). Trom Teble 1 and Figure 3 it can be seen that the
memnmmww%mmrmmmuwm-
tion solution comditioms using 3/16" helices pacicing.
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FIGURE NO. 2

LIMITING FLOWS FOR HEXONE SYSTEMS
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FIGURE NO, 3

LIMITING FLOWS FOR DIBUTYL CRLLOSOLVE SYSTEMS
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FIGURE NO., 5
LIMITING FLOWS FOR DIBUTYL CELLOSOLVE SYSTEMS
 AQUEOUS EXTRACTION AND STRIPPING SOLUTIONS
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5.0 . Appendix
5.1 Equipment Dotails
Both feeds sutered the columms through 1/2" saran tubing. The
organic feed tube extended through the bottom to the base of the yacking
support and wvas centered in the cross section of ths colum. The aguecus
feed tube extended through the top approximately 6" and was also centered

in the cross sectiom of the colum. The effluents were removed from the
extramitios of the columm and the agueous effliuvent was semt through the
Jackleg for interface comixol |

The packing materials wore stainiess steel Raschig rings and helices,
the dimepsions of which are shown in Table 3.

Table ¥o. 3
m Dimensions
Type 0.D. I.D. Length Vall Thickness
split ring 3/8" 1/4" 3/8" | 1/16"
split ring 1/4" 3/16" 3/8" | 1/3e"
lBelices (Pemske) 3/16" - - | .016 wive |

All yacking vas made of stainless steel

The conical stainless steel packing supports used in this work had an
altitude egual to the diemeter of the Dase and the surface area was filled
with 3/8" holes. The open sxea through & support was approximetely 607 tiwe
cross sectiomal area of the unmpacked eolummn.

5.2 Columm Packing Methods

A1l columms were packed 31" high. JFor packing Reschig rings, the
columm wes Pilled with water and the rings were dropped im a hand full st &
tims. 'The helices (Vemske) were dropped iuto a dry column in slugs of sbout

_ww‘n«
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2 cubic inch and tamped down with a wooden rod after each slug.

5.3 Sclubion Materials end Preparation

The soluticns were prepared from technical grade alumimm nitrate;
nltric acid, hexone and dibubtyl cellosolve. No protreatment of the sol-
venis oy filtration of aguecur solutions was psrformed. Urenium and
sodium dichromate wvere not present in the agueous solutioms because test
runs showed that at their low concentrations they did not affect the limit-
ing flows. Without these ingrediemts the extyaction and scrubbing solutions
were cbviously the same.
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