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ABSTRACT

In 12 experiments on the extraction of polysaccharides from jerusalem-artichoke
tubers, conducted in a column having an average length of 17.75 cells, set up
in the miniature diffusion battery described in a previous paper,! the mean charge
was 1.05 kg of cossettes occupying 51.8 percent of the cell space at a density
of filling of 34.6 1b/ft.* The volume of the accompanying flood liquid was 915 ml,
and the velocity of the flux was 2.85 percent of the column length per minute
in a period of 5 minutes, resulting in a rate of extraction of 0.764 g/min/m? of
cossette surface calculated as reducing sugars, of which 76.7 percent was levulose.
In eight experiments the yield of pulp was 100.5 g/100 g of cossettes and the
production of pulp water was 85.4 g/100 g of cossettes. In three experiments
the yield of pressed pulp was 45.1 percent, and of dried pulp 4.3 percent of the
weight of wet pulp. The polysaccharides containing the higher proportions of
levulose apparently diffuse at least as rapidly as those containing smaller propor-
tions of levulose. Attenuation gradients for three columns supply data for a
future study of the kinetics of the process.
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I. INTRODUCTION

The present paper is a report on some of the experimental results
obtained in the extraction of polysaccharides from cossettes prepared
from jerusalem artichokes ? in the battery previously described.?

1J. Research NBS 15, 441 (1935) RP840; Ind. Eng. Chem. 27, 1266 (1935).
2J. Research NBS 17, 615 (1936) RP931.
37, Research NBS 15, 441 (1935) RP840; Ind. Eng. Chem. 27, 1266 (1935).
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of the experiments, except those relating to reagent dosage, were
carried out in the single-row arrangement of the cells, as illustrated
in figure 1. Terms defined in either of the previous papers will be
used as convenient in the present discussion without further definition.

II. EXPERIMENTAL PROCEDURE
1. SETTING UP THE MATERIAL COLUMN

Generally the battery was started early in the morning. First,
the whole battery was heated by filling all of the cells with hot water
and then passing hot water fluxwise through the filled cells, while
maintaining appropriate pressures of steam on the calorisators. The
water was emptied from each cell just previous to the introduction
of the cell’s first charge of cossettes, and the first charges were usually
introduced to the successive cells at intervals of time equal to the
charging period,* which already had been chosen for the run as a
whole. The first cell set-up was primed with hot water, all others
with the liquid efflux from the cell next previously set up. In most
of the runs the drawing of diffusion juice was begun when about half
of the cells in the column were filled; in a few runs, later. Obviously,
the first charge from which juice was drawn was the first to receive
the full amount of flux for the term of processing. In all previous
charges the element of flood recession ® had been missing from the
flux for a duration of from one to several periods. When in addition
these charges had been set up more rapidly than the headway selected
for the run as a whole, they finally received a total duration of treat-
ment which was less than the standard term of retention for that
run. This resulted in somewhat greater rejectment of polysaccharides
in the residues for the first round of the battery than for the subsequent
rounds in that run.

Once the drawing had been started, the regular periodic procedure
was: (1) In most experiments, first to draw from the newly entered
charge; then to prime the next charge. In other experiments the
procedure was either (2) to prime ahead of drawing, or (3) to draw
the last charge and prime the one next to it simultaneously. In the
second procedure each charge was left standing in the flooded con-
dition for more than half a period before it was entered into the column;
in the first and third procedures it was entered into the column
immediately after the flooding was complete.

2. DURATION OF EXPERIMENTS

Each experiment was continued until a state of apparently steady
performance had been attained for a duration of at least one term.
Thus it was assumed that the condition of the extraction column had
represented a state of coordination or poise among the particular
regime of operation, the resulting process, and the associated con-
dition of the material under treatment, for a time at least as long as
the term that the cossettes were retained in the process. The mini-
mum acceptable duration for an experiment on this basis would seem
to be about four terms. Most of them exceeded this, as indicated in
the column headed “Number of column lengths worked’ in table 7.

4J. Research NBS 15, 444 (1935) RP840; Ind. Eng. Chem. 27, 1268 (1935).
5 J. Research NBS 15, 446 (1935) RP840; Ind. Eng. Chem. 27, 1268 (1935).
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FIGURE 1.—Miniature battery with cells arranged in straight row.

gements have

T'he structure and equipment of the battery in both the straight and folded-row arran

been described in detail in a previous paper (RP840).
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3. ENDING THE RUN

The experiments were terminated in two ways: generally by
“sweetening off”’, occasionally by “dropping” the whole material
column at once for the purpose of “‘column sampling.” The sweeten-
ing off was accomplished in a manner approximating commercial
practice, except that in shortening the column, cells were dropped
out of service only after they had served as the water inlet while the
estimated average efflux weight of extract was being drawn into the
draft receiver, rather than while the draft quantity only was being
removed. When the concentration of reducing sugars in the extract
had fallen to 1 percent or less, the operations were terminated and
the remaining charges were discarded as residues. This condition
was usually attained when the material column had been shortened
by slightly less than half its regular operating length for that experi-
ment. Table 1 compares the output performances attained in several
experiments during regular operation and during the sweetening off.

TaBLE 1.—Comparison of output performance during sweetening off with that
accomplished during regular operation in several experiments

Average for—

Reducing sugars

1925 Product expressed as—

Regular | Sweeten-
regime ing off

Diffgrion juice-= gz us- St o Percentage_.____.. 9.08 4.48
Enln Shpect oL ot o7 11105 11 bIERR CE A 0.312 0. 450
_| Pulp water gIOU ILEr s AT . 055 .238
Diffusion juice_ Percentage_._.____ 10.03 5.74
Pulp sap-__ /100 ml__ 2 0.213 0.357
Pulp water-. 2/100 ml__ . 080 .187
Diffugion jniee. &osiiieco g Percentage_..____. 9.13 5.88
1 lo) 1 o e DL E SRS SRRV ") { § A0 ) Sral KEs A SR TE 0. 355 0. 708
PO GUatars L %o, trep o chd (ALY G v | i . 081 .212
80:z 08 e e Sn ey oo ot PolDIsapssd oo i ol e 08 2100 Ml s sase o, .326 . 584
SO E R o TR S s POlpswaleras 20w 1L ST (AL VN ) B . 095 .309
Diffnsiongajce s Le o - & 50 Percentage_.______ 9.43 5.37
Average natel Ui Bolp sapiasie fitie s 2l g 0.327 0. 545
Pulp water. .078 . 239

4. SAMPLING OF MATERIAL COLUMN

In order to study the mode of the performance of an extraction
process of this type it is necessary to know the residual concentrations
existing in the sap of the particles and in the associated flood liquid
at several levels ® along the column at a particular instant whose
relation to a period is known. The necessary observations require
the withdrawal of samples of a size which would destroy the working
characteristics of a column so small as any of those studied. For this
reason column sampling has been accomplished only by suddenly
discharging the whole contents of the battery without previous dis-
turbance of the prevailing regular operation. Each sample comprises
the whole contents of a cell, separated immediately into two parts, the
chips and the flood liquid.” Since each part represents the respective
mean for the whole cell, which is a considerable section of the column,

8 J. Research NBS 15, 446 (1935) RP840; Ind. Eng. Chem. 27, 1268 (1935).
7J. Research NBS 15, 458 (1935) RP840; Ind. Eng. Chem. 27, 1273 (1935).
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the concentrations are assumed to represent the existing conditions
at the center of the cell. Thus to obtain results which can be inter-
preted with precision, it is necessary to sample several cells and prefer-
able to sample them all. Moreover, the sampling must be completed
within an interval of time which is short enough to be considered
practically instantaneous.

(a) METHOD OF SAMPLING

When the operation of the column is about to be terminated, several
experienced operators are stationed at even intervals along its length
and a sample receiver is placed under each cell to be sampled. Pre-
cisely at the instant planned, the water input to the column is stopped
and the whole contents of each cell are dumped into the tray of its
respective receiver. The operations are performed as rapidly as
possible and as nearly simultaneously as the several operators can act.
Each receiver with its contents is weighed during the 5-minute interval
allowed for draining. At the end of this interval the trays are
removed, their contents transferred to individual closed containers,
and each bucket with its contents of flood liquid is weighed. The
pressed-out cossette sap and the flood liquid from each sample are
analyzed separately.® For the present purpose the rapid method ? is
not recommended, although it may be used for samples taken near
the head of the column.

(b) RESULTS OF COLUMN SAMPLING

The concentrations observed in three columns of material which
were sampled and tested as specified above are presented in table 2.
The listed concentrations are those observed in the prepared samples
at 20° C; they require correction for the conditions of temperature
as they existed in the material under operation. For the two July
experiments included in this group, the temperatures observed at
15-minute intervals in the flood liquid issuing from each posture were
recorded. The means of these observations for the respective whole
runs are included in table 6. The temperatures observed during an
interval of time coinciding approximately with the duration of re-
tention of the “oldest’” cossettes in the respective columns at the in-
stant of sampling are presented in tables 3 and 4. The lines and
arrows in each table indicate the progressive conditions of tempera-
ture for this ‘“oldest’’ charge during the major portion of its life history
and the last column of figures in each table indicates the mean of all
the observations taken for each posture during the time that this
charge was actually in process. Comparison of these two columns
respectively with items 10 and 11 of table 6 reveals that the mean
temperatures for this interval in each case were similar to the means
for the run as a whole. The temperature control in the April experi-
ment was not very different.

8 BS J. Research 9, 604 (1932) RP495.
9 BS J. Research 9, 697 (1932) RP495.
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TABLE 2.— Attenuation gradients of sampled columns

Observed concentrations of reducing sugars in cossette input and diffusion juice output, in percent by
weight; and in residue output and in cell contents of sap and flood liquid under processing, stated in g/100
ml atroom temperature. The (apparent) head is the difference between the sap and flood liquid concentra-
tions during processing.

Item number (tables 9 to 14)
4 10 13
Apr. 3, 1925 July 17, 1925 July 23, 1925
REDUCING SUGARS IN COSSETTES
Percent Percent Percent
12.35 14.15 14.265
REDUCING SUGARS IN DIFFUSION JUICE
6.41 9.19 9.95
REDUCING SUGARS IN CELL CONTENTS
At start Atend At start
In posture no.
Sap Flood Head Sap Flood Head Sap Flood Head
g/100 ml | g/100 ml | g/100 ml || g/100 ml | g/100 ml | g/100 ml || ¢/100 ml | g/100 ml
Residue..________ 10.665 | 10.143 | 10.522 20.597 | 20.314 | 20.283 10.365 | 10.104
“ g Sk AL M .522 . 180
1.150 .78 .b72 — o
1.322 . 967 .355
1. 951 1. 464 487
2. 565 2.141 g b MRS IR S R e S RN | RSN | F el B
3.340 2.892 - AR BT
4.079 3.625 454 597
4. 880 4.562
5.760 5.210
6. 521 6.040
7.542 7.240
8.60 8.22
9.72 9.34
10. 81 10.75
12.15 11.46
13.05 11.99
13.17 11.25
13.68 10.72
12.46 10. 35

1 Since these columns were sampled at the start of a period, the concentrations in the nth cell do not repre-

sent the final pulp and pulp water.

The concentrations which would have existed at the end of the period

had the process continued, are assumed to be equal to the means for the previously sampled residues.
.2 Since this column was sampled &t the end of a period, the concentrations observed in the nth cell at the
time of dropping the column are assumed to represent the condition of the material (at 20° C).

7T187—37——3
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TABLE 3.—Record of the temperatures observed at 15-minute intervals during ap-
proximately the time of retention of the particular charge of cosseties which at the
time of sampling was sttuated in posture 13 of the matertal column in the experiment
of July 17, 19256

Time of rée Temperatures observed at— llggatn
Posture tention of 2:00, i,‘}.
hiDs 1400 pm.s| 1:15 p.m. | 1:30 p.m. | 1:45 p.m. | 2:00 p.m. | clusive
Percentage of
whole period ) (o) ) PG 20 26
92.6 92 80 80 7 80 79.3
88.5 93 83 84 80 80 81.7
80.8 90 83 85 85 86 84.8
73.1 82 80 80 86 87 84.8
65. 4 83 77 81 86 90 83.5
57.7 79 76 84 86 87 83.3
50.0 80 79 90 86 87 85.5
42.3 88 82 84 87 87 85.0
34.6 90 82 83 [ 83 85 83.2
26.9 88 82 | 85 76 81 81.0
19.2 84 80 80 75 75 77.5
11.5 80 72 80 75 65 73.0
3.8 78 72 | 78 72 50 68.0
92.6to 26.9 86.5 80.4 83.6 83.2 85.0 83.1
92.6 to 19. 2 86.3 80. 4 83.3 82.5 84.1 82.5
92.6to 3.8 85,2 79.1 82.6 81.1 80.0 80.7

= Temperatures of column 15 minutes before chips in posture 13 at time of sampling were introduced into
column; not included in means listed in last column of table. .

® Chips in posture 1 at time of sampling were introduced into column approximately 15 minutes after the
last temperature observation at 2:00 p. m.

Line follows temperature program of chips located in posture 1 at 1:15 p. m., in posture 11 at 2:00 p. m.,
and in posture 13 at time of sampling. Since the temperatures were observed at the heater exits, the actual
temperatures of the cossettes in the first postures were considerably less than the values recorded.
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TaBLE 4.—Record of the temperatures observed at 15-minute intervals during approxi-
mately the time of retention of the particular charge of cossetles which at the time of
sampling was situated in posture 19 of the material column in the experiment of
July 23, 1925

Temperatures observed at— Mean
Time of 11:30 to
Posture retention of 12:45,
chips 11:15 11:30 11:45 12:00 12:15 12:30 12:45 | inclu-
. m.*| a.m. (| &.m. { noon |( p.m. | p.m. | p. m. sive
Percentage of
whole period °C R °C e °C 20 °0
07.4 80 85 85 86 85 81 76 83.0
92.1 85 85 87 80 85 81 80 83.0
86.8 82 85 85 84 85 81 85 84.2
81.6 80 86 80 86 83 82 86 83.8
76.3 82 86 82 85 80 82 80 82.5
71l 83 87 84 87 82 82 80 83.7
65.8 84 85 82 85 83 84 87 84.3
60. 5 85 85 84 85 84 81 87 84.3
55.3 83 85 81 84 84 80 87 83.5
50.0 83 85 75 85 85T 81 87 83.0
44.7 83 85 84 85 4 83 83 85 84.2
39.5 82 85 83 85 [ 80 84 85 83.7
34.2 81 85 84 85 80 84 85 83.7
28.9 82 83 85 I 81 81 84 85 83.2
23.7 | 81 80 SIT 78 84 83 84 | 817
18.4 75 77 72 78 83 80 84 79.0
13.2 80 65 75 78 80 78 76 75.3
7.9 68 74 55 80 70 7L W R0 o 69.8
2.6 et M T M T Al R 70 e ERBAS Y 65.0
97.41t023.7 8! 84.8 84.1 82.9 82.2 83.9 83.5
97.4t018.4 81.9 84.3 82.1 83.7 82.9 82.1 83.9 83.2
97.4to0 2.6 8 82.7 2 83.2 8 80.1 83.5 81.1

= Temperatures of column approximately 12 minutes before the chips in posture 19 at the time of sampling
were introduced into the material column; not included in the means listed in the last column of the table.
» Chips in posture 1 at the time of sampling were introduced into the column and immediately dropped
into the sample receiver approximately 10 minutes after the last observations of the temperatures were made.
The lino follows approximately the temperature program of the charge which was located in posture 1 at
11:30, in posture 16 at 12:45, and in posture 19 at the time of sampling. Since the temperatures were ob-
:ﬁrved at )(lie%ter exits, the actual temperatures of cossettes in first postures were considerably less than
ose recorded.

5. TEMPERATURE MAINTENANCE AND RATES OF HEAT LOSSES

Although the heating of the newly charged cossettes through the
operation of the flux is inadequate for a proper preparation of the
material,’® the capacity of the calorisators was found ample for this
purpose as well as for the maintenance of suitable temperatures in
the column, even at maximum steam pressures of 1-pound gage. To
estimate the proportions of steam consumed in the primary heating
and in the maintenance of temperatures under different conditions of
room ventilation, three tests were made with water in place of cos-
settes and flood liquid. To appraise the rates of heat losses on the
basis of exposed area as well as on the basis of the column length, the
area of the exposed surfaces of the cells and manifolds without insula-
tion was estimated by a detailed consideration of the various elements
of the structure. The result is approximately 3.5 ft*> per cell. In
each of the three tests the column comprised 18 cells. Charges of 1
kg of cold water were introduced at 5-minute intervals, primed with
the efflux from the column, and drawn at a rate similar to the drawing
rates in the experimental extractions. From the total heat consumed

10 J, Research NBS 15, 449 and 1269 (1935) RP840.
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there was deducted the sum of the quantities recovered (1) in the
water discharged as ‘‘residues’” at the head of the column; (2) as
“draft’” at the foot; and (3) in the condensate issuing from all calori-
sators and heaters. The remainder is assumed to have been heat
lost to the surroundings by ‘“‘radiation”, but including that transferred
by conduction and convection. The results are presented in table 5.

TaBLE 5.—Estimated rates of heal loss from the experimental baitery

Rate of loss in 18
Heat ’{lgfﬁl cells Over-all
Aver- | q, m 1 1 coefficient
Dinre |l os em- | Tem- | Total con- ost to of heat
Son torn- | Dera- | pera- heatin | sumed | sur- Rate of G ler
Test of ora- | ture | ture | steam in round- | Tem- Tem- | 10SS per o
st It)ure of |differ-| con- heat- ings pera- perature cell sqxl)mre
battery room | ence | sumed ing throu_gh ture S Gt orF
water |‘“radia-| differ- it SiTEtaoa
tion” ence
Btu/ Btu/ Btu/
min. 2@ °C Le) ke ke ke |ke/hr/°C| hr/°F hr/°F hr/°F
Foz:t 2 24 72.7 26.0 46.7 6,351 1,721 4,630 247.6 546. 0 30. 33 8.67
VRS E 19 73.0 26.0 47.C 5,070 1,711 3, 359 225.7 497.7 27.65 7.80
xSk 24 54.0 28.0 26.0 5,238 1,438 3,755 361.0 796. 2 44,23 12. 64
V3 8 et S SRS S NN ) BN b0 e S ol o Tt 0 1T TRV 278 613 34 9T

The fact that the ventilation of the room was considerably better
during the third test than during the others may account for the greater
rate of heat loss in this case. Of the total heat consumed, the pro-
portion lost was about the same in this test as in test 1, although the
mean temperature of the battery was considerably less in test 3.

6. TEMPERATURE SCHEDULES

In most of the experiments the aim was to bring the cossettes to a
temperature of about 80° C as rapidly as possible and to maintain
this temperature during the remainder of the processing. In the
experiment of July 23, the aim was to establish a temperature gradient
from the head of the column to the middle. In two other experiments
the aim was to maintain a steadily rising temperature during the re-
tention of the cossettes. Table 6 presents the mean of all the observa-
tions of the temperature of the flood liquid taken at the heater exit
of each posture in each July experiment; and tables 3 and 4 indicate
the generalrun of variations among individual observations. Item12a
of table 6 presents the temperature schedule planned for the experi-
ment of July 24 ; item 12b, the means of all the temperatures observed
for each posture during the run. Since every value in each table
represents the respective temperature after the flood liquid had re-
ceived the increment supplied by the calorisator following the posture,
it is more or less greater than the temperature which actually existed
in the bottom of the posture. For the postures near the foot of any
column the increments may have amounted to as much as 15°. It 1s
for this reason that the installation of thermometers near the centers
of the cells has been recommended in the construction of similar
equipment.!!

117, Research NBS 15, 455 and 1272 (1935) RP840.
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TaBLE 6.—Temperature schedules

[Experiments for July 1925]

Each value listed is the observed (or planned) mean temperature for the posture indicated during the whole
run of the experiment

) 1753 1 R . LS 6 7 8 9 10 11 12a 12b 13
Julycn oo ik T de st 7 9 13 16 17 23 24 24 30
Sehedtlgs Obs. Obs. Obs. Obs. Obs. Obs. | Planned | Obs. Obs.
°C °C 20 °C L{e] °Q °0 20
________________ 81.4 83.3 U R S (e Rt b
80:1RpLE: ozl 82.1 83.4 82.6 90.0 89.2 88.5
80.7 81.4 81.9 82.9 82.9 89. 7 88.7 88.2
80.8 82.3 810 82.7 83.1 89. 4 88.0 86.9
80.0 81.8 81.4 83.6 83.6 89.0 86.7 86.3
81.2 81.9 82.2 B2: 93 1 el 83.0 88.5 86. 2 86.5
81.0 82.3 82.0 82.8 81.7 83.5 88.0 85.7 85.4
80. 4 81.7 81.8 83.6 82.2 84.1 87.4 85.3 84.7
79.4 80.8 82.5 83.1 83.0 83.0 86.6 84.0 82.4
79.7 81.9 82.3 82.3 82.5 83.0 85.7 83.8 81.6
79.6 82.0 82.3 83.7 82.7 83.7 84.6 83.0 80. 5
81.0 81.2 81.8 82.2 83.2 82.3 83.4 82.1 T
80.4 80.8 80.9 82.3 83.8 83.2 81. 4 79.3 76.7
80.5 81.0 80.0 81.5 84.7 82.5 79.0 77.0 76.2
81.8 80.7 79.2 80.2 84.2 81.7 76.2 75.8 73.6
81.6 81.1 78.7 78.3 82.5 81.3 73.0 74.2 69. 0
80.8 81.2 73.0 73.8 78.9 75.7 69.5 70.9 68.6
77.8 79.9 72.1 70.0 70.8 70.9 65.5 68.9 60.0
72.6 78.7 66.8 68.4 66.8 72.8 60.0 58. 6 51.6
80.0 81.2 79.7 80.6 80.5 81.3 815 80.4 78.0
Médan of:all except coltimns 10.and 18823188 S 2l dod . i ph Jld i d g ne shet L MG SXO W RIREA S v Tald 80.3

7. WORKING VOLUMES

The mean volumetric capacity of a cell is assumed to be approxi-
mately 1.9 dm®. The mean value found by weighing more than 100
cellfuls of water at about 20° C, from six fillings of the battery, is 1.884
dm®. The mean value calculated from the observed dimensions of
the cells is the same. The index of variability of the weighings is
equivalent to about 0.027 dm?®, and the maximum deviation from the
mean is about 0.1 dm® Since the greater part of the indicated varia-
tion is due to differences in the capacities of the cells, rather than to
accidental deviations in measurement, the cells are by no means uni-
form in size. Allowing for the expansion of cast brass between 20
and 80° C indicates a mean volumetric capacity of approximately the
1.9 dm?® assumed as a round value. This probably allows for only a
part of the flood liquid in the transfer ducts.

The working volume of the flood liquid per cell is assumed to have
been equal to the difference between the mean volumetric capacity of
a cell and the displacement volume of the mean charge of cossettes for
each experiment, all at 80° C. The displacement volume of 1 kg of
cossettes is assumed to have been the sum of the volumes occupied by
30 g of mare and 970 g of virgin sap. In all cases the 30 g of marc is
supposed to have occupied a volume of 0.01736 dm? at the operating
temperature of the battery. This is approximately the mean of sev-
eral quantitative estimations obtained by extracting cossettes pre-
pared from artichoke tubers from various sources, but it does not
represent directly any of the material used in the extractions here
reported. In each case the density of the virgin sap is calculated on
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the assumption that it is due to the presence in the sap of all the
reducing sugars observed in the cossettes, accompanied by such a
quantity of other solid substances as to yield an apparent purity of
84.75 percent reducing sugars, and that all of these dissolved substances
affect the density in the same way as levulose. Thus the density of
the sap is equal to the density of a solution containing

S/(0.97X0.8475)=1.2165 S

percent of levulose, where S stands for the observed percentage of
reducing sugars in the cossettes, as indicated by the means of all the
tests for each particular experiment. The volumes thus estimated
are assumed to have remained constant throughout the processing of
each charge of cossettes. To make sure that no considerable quantity
of flood liquid became displaced through gas accumulation, frequent
bleeder-cock tests were made on all cells during the course of each
experiment. Since the amount of the draft was determined by draw-
ing a constant weight of juice per period, as chosen at the start of each
experiment (table 8), the resulting volume of draft per period is calcu-
lated on the basis of the average density at the average issuing tem-
perature, which was usually in the neighborhood of 40° C.

This whole procedure greatly simplifies the calculations and yields
results not essentially different from those which would have been
obtained by a much more elaborate procedure based on individual
weighings for each period, as was verified in a few experiments. No
measurements of cossette dimensions were made on the material
actually employed in the extraction experiments. Instead, the gross
area of the diffusion layers in each case is assumed to have been 2.6
m?/dm?® of the calculated displacement volume of the cossettes, as
estimated for a different lot of material and previously reported.'?
No corrections are essayed for the effects of either the adherent films
or the area rendered ineffective through contacts of surfaces.

III. TYPICAL EXTRACTION DATA

The principal recorded data on the charging, operation, and over-all
performance of the extraction columns established in 13 early experi-
ments conducted in the straight arrangement of the cells are presented
in tables 7 to 13, inclusive. These experiments include the three in
which the column was sampled at the end of the run, with the results
already presented in table 2. They include also the five experiments
in which data on the performance during sweetening off are compared
with those during normal operation (table 1).

Of the three sampled columns, two may be classed as long, the
other as of medium length. In this sense length applies to the term of
processing, rather than to the physical dimensions of the equipment;
and it refers to the extraction of polysaccharides from artichoke cos-
settes of the dimensions specified, not to the diffusion of other material.
In beet sugar practice a 13-cell column might be considered long rather
than of medium length. The general set-up of each column is pre-
sented in table 7. A brief of the operating data (exclusive of tempera-
tures, table 6) is presented in table 8.

12 J, Research NBS 17, 615 (1936) RP931.



Proffitt, Bogan,
Jackson

]

Artichoke Extraction in Diffusion Battery

273

TABLE 7.—Data on set-up of columns and durations of runs in 13 experiments

A=total or average for April; B=total or average for July; C=total or average for July exclusive of July 17;
D=total or average for all experiments in the list

b3 = v ’_l_‘ )
2 °,c Number of cells EE E Sy Cell fill VE) Duration of
=4 22 = © pee- ~
-~ fo'ﬁ S° § a9 5]
Item g g o e g g8 & = | 88|¢& 5
o} i L= g Ba < 8% g S | &S o | &F
8 =) ) 3 28 |82 81 2o 3 3 s
2 =E e Re S | 88| ¥ §§ & E |8 g”: E 4
@ o = I~ ) o P P =
A & Bl oo s B T el =) /A Mmoo =1
kg kg/cell [dm3/cell| Percent| 1b/ft3 | m | min | min
4%, 5 U B 1 ISR S [T R 4 - e 21, 0000] 80 9248) <o s Wl o ene ool R B < s sl as s 5
Apr. 1 R ) e | MRS 18] 4.3| 1.2607| 1.1864| 62.44| 41.43( 2.444( _____|______.
2| 112.488( 122 116 18| 6.8/ .9220| .8688| 45.73| 30.30| 1.790| 4.70| 84.6
3 94,071 84 73 18| 4.7| 1.1200 1.0533| 55.44| 36.81| 2.170| 4.87 87.66
July 2| 133.198| 128 118 18| 7.1f 1.0406] .9736| 51.24| 34.20| 2.006| 4.95| 89.1
7 91.203| 74 65 18| 4.1 1.2337| 1.1539| 60.73| 40.55| 2.377| 6.00| 108.0
9 99. 595| 101 91 17 5.9/ .9861 .9243| 48.65| 32.41| 1.904| 5.00| 85.0
13 98. 567 93 83 19| 4.9 1.0599| .9876| 51.98| 34.83| 2.034| 5.00| 95.0
16 82.458| 91 81 19| 4.8/ .9061| .8479| 44.63| 29.78| 1.747| 5.00| 95.0
iy / 99.706| 97 91 13| 7.5 1.0279| .9582| 50.43| 33.78| 1.974| 4.90| 63.7
23 83.140) 75 65 19| 3.9 1.1085| 1.0328| 54.36| 36.43| 2.128| 4.80 91.2
24 76.576| 73 64 18| 4.1 1.0490| .9759| 51.36| 34.48| 2.010f 5.00( 90.0
30 91,975 88 78 18| 4.9 1.0452| .9753| 51.33| 34.35 2.009 5.00] 90.0
Totals:
A (3runs)......| 303.636| 283 (195)
B (9runs)......| 856.508( 820/ 736
.| 756.802| 723| 645
D (12 runs)...._[1,160.438(1,103| (931)
Means:
A (3runs)...... 101.212| 94|_.._.. 18| 5.6/ 1.0729| 1.0100| 53.16| 35.26| 2.081| (4.79)| (86.22)
B (9 runs) .. 95.168 91 821 17.7| 5.16| 1.0445| .9753| 51.33| 34.33| 2.009| 5.07| 89.74
C (8runs). .. 94.600( 90 81| 18.25| 4.95| 1 0468| .9776 51.45| 34.40| 2.014| 5 09| 92.89
D (12runs)..... 96.703| 92 85| 17.75| 5.18| 1.0518| .9846| 51.82| 34.57| 2.028|(5.00)|(88.75)

= For this one run the displacement volume is expressed as dm3/kg, since the mean charge is not recorded.



TaBLE 8.—Brief of data on operation exclusive of temperatures

A=total or average for April; B=total or average for July; C=total or average for July exclusive of July 17; D=total or average for all experiments in the list

Draft Working volume Flood recession
Volume Chip
Item Date of of flood Flood Flux advance-
run, 1925 By On ordn Pors O Ta et column'? ratio 3 ratio 4 ment 5 Per Syhas
weight | chips L5 29D 00 % minute 6 | F+¢atve
kg dm 3 dm 3 dm 3 dm 3 Percent | Percent | Percent
period | Percent| period cell cell period dm 3 minute minute | percent
Apr. 1 1.493 118 1.4626 1. 1646 0.7136 2.1762 12. 844 0.613 IR0 T DR M S 2.
2 1.493 162 1.4620 . 8528 1. 0312 2.4932 18. 562 1. 209 2.924 1.18 1.68 1.42
3 1. 493 133 1.4641 1. 0338 . 8467 2.3108 15. 241 .819 2.235 1.14 1.97 1.73
July 2 1.421 137 1.3781 . 9555 . 9264 2.3045 16. 676 .970 2.412 112 1.67 1.49
7 1. 420 115 1. 3809 1.1325 . 7461 2.1270 13.430 . 659 1.878 .93 171 1.85
9 1.411 143 1.3672 . 9072 . 9757 2.3429 16. 587 1.076 2. 583 1.18 1.65 1.40
13 1.421 134 1.3706 . 9692 L9124 2. 2830 17.336 . 941 2.356 1.05 1. 58 1.50
16 1. 440 159 1.3949 . 8322 1. 0521 2.4470 19.990 1. 264 2.940 1.05 1.40 1.33
17 1.417 138 1.3714 . 9404 . 9418 2.3132 12. 243 1.001 2.460 1.57 2.29 1.46
23 1. 400 127 1. 3501 1. 0136 . 8672 2.2173 16.477 . 856 2.188 1.10 1,71 1.56
24 1.402 134 1. 3544 . 9577 . 9241 2.2785 16. 634 . 965 2.379 111 1.63 1.47
30 1. 430 137 1. 3861 . 9572 . 9247 2.3108 16. 645 . 966 2.414 111 1.67 1.50

Totals:
AR SIETIAE] - 52t Sl e e e
B (0runs)..cc...

QA8 Tung), .2
D (12 runs)

Means:
ST 00 1) PN ke e S SR
B(9EEns). -

C(8yans) - = .
D (12 runs)

1.4608
1.3727
1.3726
1.3948

16. 020
16.367
16. 836
16. 248

=l
i~
£

|t v e
-
o

1 Volume of flux=volume of draft +-volume of flood.

2 Volume of flood column=n times volume of flood/cell.

volume of flood _ v

volume of sap 7’
volume of flux_ f*

volume of sap v’

3 Flood ratio=

4 Flux ratio=

5 Rate of chip advancement, percentage of column-length/min.

6 Rate as percentage of column-length/min.

7 Rate expressed as column-length per period or percentage of column-length during 1 percent of the term.
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1. GROSS RATES OF EXTRACTION

Data pertaining to the gross rates of extraction attained in the 13
experiments are presented in table 9. Comparing the over-all per-
formance of the 13-cell column (item 10) with the mean for all of the
longer columns set up in July (average C), it will be seen that the
column of medium length produced a lower gross extraction (92.5
percent vs. 97.4 percent), of which a greater proportion (0.92 percent
vs. 0.50 percent) was discarded in the pulp water. If the ultimate
objective is continuous extraction in a true sense, this is an important
consideration; for in the intermittent process the polysaccharides dis-
carded in the pulp water were extracted, although not recovered.
The mean rate of the gross extraction for the whole column was decid-
edly greater in the shorter column (1.01 g/m?/min vs. 0.762 g/m?/ min),
although the relative flood recession per period was slightly less
(1.46 vs. 1.49, table 8). Any error in the assumption that the effective
areas of the diffusion layers were strictly proportional to the re-
spective displacement volumes of the cossettes probably would in-
fluence the calculated rates not very differently in the two cases.
The fact that relatively little change appeared in the analyses of the
cossettes during July ® leads to the belief that with the constant knife
setting employed any variations in the dimensions of the cossettes
influenced the rates of diffusion negligibly compared with the effects
due to variations in the density of filling. Very probably when the
density of filling passes a certain critical value which has not been
determined definitely, the available area cannot remain directly pro-
portional to the displacement volume but must fall off at an accelerat-
ing rate. The data per se present no obvious evidence that this value
was exceeded in more than one experiment among the 8 included in
average (. Not excluding this one experiment of July 7, the mean
density of filling was but 0.6 lb/ft? greater in the longer columns.
The mean temperatures for the respective whole runs were practically
identical (80.5° vs. 80.3°).

13 The cossettes were all cut from the same general lot of tubers kept under cold storage. The tubers for
each experiment were removed on the day they were to be sliced.



TaABLE 9.—Gross exiraction

: Reducing sugars ‘Weight of reducing sugars Extracted in
Analysis of cossettes at 80° C per cell in— wholecolumn |\ ot ex
Ttem rlggtfggis traction for whole
N
Levulose | Reducing | Inpulp | Inpulp | Fresh Pulp | Puld | peiog On column
sugars sap ! water 1 sap sap water charge
gm? |  g/m?
Percent Percent 2/100 ml | g/100 ml g g Percent period minute
Cn L G AR s R R ST R L T R Mar. 16 8.7 12. p ol (1100 RN ool d YRR Vs G B I 1 KOS 3120.99 91. 67 B vliae )
16 8.65 12.3 1. 227 32.56 | 3119.72 90. 70
16 8.25 11.9 2.317 32.76 | 3108.82 82. 45
16 8.65 12.4 £ by A TR Lol I I R A ] A 389.24 67.61
i (B PR 1 2 e BOL T SN AGT | Se S IME RS SORHDE R O L e kT 387.96 66. 66
2. 32.66 | 3105.36 79.82
3. 2. 54 116.75 75.12
0 1) 5 L S S PREICL T o e - PR R 128.78 82.86
g 1.27 146. 68 94.38
.59 147. 25 94.75
1.46 135. 11 86.94
3.60 103. 07 92.76
2.31 102. 90 92. 60
1.40 108.97 98.07
121 105. 72 95.14
1.31 104. 39 93.94
1.97 104.33 93.89
.58 134.79 97.45
1.15 131.87 95.34
.99 131.78 95. 27
1.98 128. 04 92. 57
1.18 131.62 95. 16
.96 127.39 90. 48
.88 122. 56 87.07
1.25 130.93 93. 00
1.42 134. 46 95. 50
1.68 134. 46 95. 50
1.23 129. 96 92.31

SpaDpuDiS [0 ND2UNG JDUODNT 2y} f0 Y24DasAY [0 ULNOL Q)7
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LA R AT R A R SRR {July 7 10.32 13.58 . 166 Gl B e 1.88 .20 165. 66 98. 88
7 i MR | S Sl i .182 5 8 e, 2.08 .16 165. 48 98.77
Rowbrape .y s el R e T e e 10.32 13.58 .174 . 024 167. 54 197 .18 165. 57 98. 82
T e R S N N N el T e g July 9 9. 46 12. 67 .161 1.46 .39 128. 26 98.87
9 10.71 13. 64 . 363 3.29 .83 126.43 97. 46 8
9 .214 1.94 .49 127.78 98. 50 Babotr toa il
et G A RN T S Vi 4.33 .70 125.39 96. 66 3y ] IR
2.79 .53 126.93 97.86 3.92 . 784
3.97 2.26 125.75 96. 94 e o] IR S
3.74 .57 148. 46 97. 54 (3T | o s el
3.43 .78 148.77 97.75 3
2.74 .79 149.46 98.20
=% [t 4l SRl 149. 80 98.42
P e ST O 10 SRR U e e (/T L R 10. 80 14.36 . 305 .078 152.20 2.96 o dx 149.24 98.06

Sweetening off; not in average
9.

148.83 97.79

120. 42 98. 52
119. 98 98.16
119. 64 97.88

120. 02 98.19

Average

Sweetening off, not in average.

) 1= . 561 5.28 89 140.17 96. 37 I L SRIRERE R
. 691 6. 50 1.30 138.95 95. 53
. 739 6.95 1.27 138. 50 95. 22
. 826 7.77 1.68 137. 68 94. 66
. 784 7.37 1.42 138.08 94.93
. 848 7.97 124 137.48 94. 52
7V 0y RSP e L ) e T T e e 10. 525 14.15 .741 6.97 127 138.48 95. 21
11 .| July 23 10.73 14. 50 .321 3.25 .78 154.88 97.94
23 10.83 14.03 . 489 4.96 .78 153.17 96. 86
- R OE - A I D et [ .258 2.61 1.09 155. 52 98.35
Average. £ 10.78 14, 265 [ . 356 3.61 88 154. 52 97.72

I Assuming the expansion of the liquids in the April 3, the July 17, and the 23 experiments was 0.44 ml/dm?/° between 20 and 80° C; and for all other experiments, 0.45 ml/dm?/°.
2 Including the amount discarded in the pulp water, since this also diffused during the period.
2 For this 1 experiment, per liter of liquid, not per cell.
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TasLe 9.—Gross extraction—Continued

Analysis of cossettes

Reducing sugars
at 80° C

Weight of reducing sugars

Extracted in

per cell in— whole column
Dato ol Mean rate of ex-
Item run, 1925 Lractloln for whole
. Reducing | In pulp | Inpulp | Fresh Pulp Pulp : On o,
Levulose sugars sap water sap sap water Period charge
g/m _gm
Percent Percent g/100 ml | g/100 ml g g g g Percent period minute
O LE RS GRIESNE N p A SR e e n T e e e July 24 10.75 14. 69 .423 <088 Toic e Suios 4.05 .63 150. 00 97.37 4Ab s
24 10.89 14.68 .326 6 3.12 .78 150. 93 97.97
AL S e o .288 . 2.76 879 151. 29 98.21
. 346 3.31 .73 150. 74 97.85
. 689 AL, T R R 6. 60 1.90 147.45 95.72
L e s July 30 10. 74 14,18 . 239 2.29 .68 144.77 98. 44
30 10.78 13.96 . 407 3.90 1.03 143.16 97.35
L S St T T M1 e . 307 2.94 .86 144.12 98. 00
10.76 14.07 .317 3.03 .86 144.03 97. 94
________________________ . 569 LA0L e o 5.45 2.78 141. 61 96. 29 SO BEu e e
4307.13 404. 85 33.79 4.61 371. 06
4 995. 56 1,317.17 37.68 7.06 | 1,279.49
_| - 4887.37 1,171.72 30.71 5.79 | 1,141.01
41,302. 69 1,722.02 71.47 | 11.67 | 1,650.55
9. 542 12. 578 1.136 173 134. 95 11. 26 1.54 123. 69 91. 65 3.30 (. 689)
10. 591 14. 012 .437 . 085 146. 35 4.18 2iS 142.17 97.14 4.00 . 789
10. 396 13. 992 . 400 .078 146. 47 3.84 .72 142. 63 97.38 3.88 . 762
10.321 13.643 . 616 . 106 143. 50 5.95 .97 137. 55 95. 86 3.82 . 764

4 Girams of levulose per cell.

The average quantity of levulose per 100 reducing sugar is 75.65; of reducing sugar per 100 levulose, 132.19,
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Apparently the difference in the mean gross rates of extraction was
due to differences in the operating conditions produced by variation
in the length of the terms of processing and in the velocities of phase
translation. Thus the mean rate of extraction per minute for the
eight longer columns was 69.2 percent of the mean rate attained in
the column of medium length; while the mean flux velocity per minute
was 69.4 percent, and the reciprocal duration of term 68.6 percent
of the respective values for the column of medium length.

That the saccharides containing the greater proportions of levulose
were not preferentially retarded during diffusion is indicated by the
fact that the levulose ratio (stated in table 10 as parts of levulose in
100 parts of reducing sugars) was not less in the diffusion juice than
in the cossettes, and not greater in the residues (of pulp and pulp
water) than in the cossetes. The mean of all tests made in connec-
tion with these experiments indicates that the polysaccharides of the
cossettes yielded upon hydrolysis about three-fourths levulose and
one-fourth other reducing sugars. Some interesting relations among
the relative proportions of levulose, other reducing sugars, and soluble
substances not classified as sugars are presented in table 11.

TaBLE 10.—Y7eld of residues and analytical data on diffusion juice

Weight of Analysis of diffusion juice Levulose to reducing sugars
residues per
100 g of
Date of cossettes Residues
run, 1925 Reduc-| Dry Diffu- Con-
Di(tans- Ii?)‘;g ing | sub- Ash sion s(e:toti-s verter
g Wet | Pulp 2 sugar |stance juice i Pul Pulp [liquor
3 pulp | water P | water
=
Per- | Per- | Per- | Parts/ Per- | Per- | Per- | Per- | Per-
g g & Brir| cent | cent cent | 100 Briz | cent | cent cent cent | cent
1 | Maz. 16 i 2oLl [E55 0 L X saEutn 5.46 | 8.34| 9.65 0.80 [b65.5 | 70.2 68. 1 67. 4 731
2| Apr. 1 i
3 2
4 3
5| July 2
6 if
7 9 h :
8 411l RS, RN (SRS 12.44 | 7.97
9| July 16 | 93.6 84.7 | 10.66 | 7.10
10 17 | 103.4 84.4 | 11.33 | 6.98
11 23 | 104. 4 71.4 | 12.25 | 7.58
12 24 | 104.1 78.0 | 11.89 | 7.38 ;
13 30 | 105.1 S80:0 | 11,34 | 704} 9.00 | 10.67 {s_-__5-__-_
Average.._.. 100. 5 85.4 | 11.28 | 6.64 8.66 | 10.13 . 645

a Not corrected to indicate dry substance equivalent to levulose; and not taken on the same sample
used in the estimation of dry substance. 55 ;
b This result seems erroneous, since the same juice converted yielded 71.1.
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TABLE 11.—Miscellaneous ratios among levulose, reducing sugars, and dry substance
in diffusion juice

Purity quotient based Parts of total solids

Date of on— containing 100 parts of—| Reducing
Item experin}ent, ; 3 “es&geg"

e Levulose Rsegé’:;;‘g Levulose Rseg;lcrl;]g on levulose
March 16 56.6 86. 4 177 116 52.8
April 1 62.8 85.8 159 117 36.6
2 63.5 81.9 157 122 28.9
____________ 61.0 84.7 164 118 39.4
63.9 82.8 156 121 2.5
65. 4 816 153 123 24.8
65.3 85.8 153 117 3L3
67.3 88.6 149 113 3L.6
66. 6 85.1 150 117 27.8
VIeaTOl -2 T T e S Sl o 65.7 84.8 152 118 29.0
Mean of 8. ool R s 63.9 2 84.75 156 s 118 32.9

a Values assumed in calculating densities, tables 7, 8, and 9.
2. RESIDUES

In all but one of the July experiments the pulp and pulp water were
weighed as discharged. The mean relative weight of each, per hundred-
weight of cossettes, is presented in columns 3 and 4 of table 10. In
the last three experiments samples of the wet pulp, after draining for 5
minutes, were pressed in a hand-operated screw tincture press and the
pressed pulp was dried in a vacuum dryer provided with steam-
heated shelves. Table 12 is a summary of the data obtained. The
yield of dried pulp expressed as a percentage by weight of either the
wet pulp or the original cossettes is somewhat less than the corre-
sponding value for dried beet pulp.

TABLE 12.— Data on pulp drying

Date of Percentage on—
experi- Product
nllggﬁt ’ Cossettes |Wet pulp P;elflsgd Cossettes | Wet pulp| ' ;?flsgd
Experiment 1 Experiment 2
Jaty=23l WetiBIlps -otris o ey 106.3 100.0 178.4 106.3 100.0 172.1
Press water___ = 45.3 42.6 78.4 4.5 41.9 72.1
Pressed pulp_._.__ a 61.0 57. 4 100.0 61.8 58.1 100.0
Moisture dried out = 56.3 53.0 92.2 57.4 54.0 93.0
TT e s e L e e 4.7 4.4 7.8 4.4 4.1 7.0
Experiment 3 Experiment 4
July 24 Wetrpulp. so fu S0 ol o 104.6 100.0 190.7 104.6 100.0 161. 5
Press water_ 49.8 47.8 90.7 39.8 38.1 61.5
Pressed pulp-.-- 54.8 52.4 100.0 64.8 61.9 100.0
Moisture dried out 50.5 48.3 92.2 59.7 57.0 92.0
Bredpulnin. -t s 4.3 4.1 7.8 5.1 4.9 8.0

Experiment 5

daly 30 FWekipnlp ol oo fol T 100.3 100. 0 224.5
Press water_ 55.6 55.5 124.5
Pressed pulp 4.5 4.5 100.0
Moisture dri 40.4 40.4 90.7
Dried pulp.__... 4.1 4.1 9.3

Averages

T ) v PR R e 4
Press water._ ..
Pressed pulp......
Moisture dried out.
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IV. SPECIAL REGIMES
1. EXTRACTION WITH PREHEATING

Other conditions being equivalent, the practice of preheating the
cossettes before introducing them to the flux resulted in a higher con-
centration of the polysaccharides in the diffusion juice and in a smaller
amount of rejectment of extractives in the residues. This was true
whether the juice, which was circulated for heating, was acidified
or not.

2. MIDCOLUMN DOSAGE WITH SULPHUR DIOXIDE

In devising the regime of midcolumn dosage!* it was anticipated
that certain classes of reagents might be eliminated from the residues
at least as extensively as the original extractives. The results of a
single experiment will serve to illustrate this effect.

(a) EXPERIMENTAL CONDITIONS

(1) Experiment of May 7, 1928.—Folded arrangement of cells in
battery, with 18 cells under flux and no preheating. Charges uniform
at 1.000 kg. Saturation of flood liquid with SO, applied during transit
between postures 9 and 10 in a total volume of approximately 6.6
liters under circulation. Mean duration of retention in circulatory
system, 13.3 minutes. Mean period, 4.72 minutes; mean term of
retention of cossettes, 84.96 minutes. Mean temperature of material
in diffusion zone and saturator, 70° C. Mean advancement of chips,
1.18 percent of column length per minute; mean flood recession,
1.50 cell lengths/period=1.76 percent of column length per minute.
Mean operating level of liquid in saturator, 40 cm. Other details of
the operating conditions are presented in tables 13 to 15, inclusive.

TaABLE 13.—Volumetric capacity of circulatory system !

Low-pressure manifold, %4-inch pipe and fittings

Low-pressure manifold, 3¢-inch side connections and fittings. L 502
o b1 L PR Lo dh A Tt LN ol A SR AL S e S B RIS 2 SR I IR X 0 I e B AR 1R 3 RA RN Ry S B, 1. 936
Clroulation PORID ONkybss sbai Seloi il s Sonsat iy e r i LGt s i d e SRt It ke e S e wad . 330
High-pressure manirold S AT Ol pIDS B A R R et etk .187
b T BT o T P TR v S o S S S + S SRS L R Sk, L MY SRS 3.053

VOLUMETRIC CAPACITY OF SATURATOR TANK AT VARIOUS OPERATING LEVELS

Gage Capacity Gage Capacity Gage Capacity
Liters cm Liters
3.24 4.62
3.37 4.87
3.51 5.08
3.86 5.20
4.10 5.35
4.35 5.50

! The working capacity of the whole circulatory system could vary between the limits of 5 and 8 liters,
and at the mean level employed in the experiment of May 7, 1928, its capacity was af proximately 6.6 liters.

14 J. Research NBS 15, 452 and 1271 (1935) R P840.
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TABLE 14.—Summary of operating volumes

Sap Flood Draft Flux
ftem Percent- Percent- Percent- Percent-
Liters | ageon | Liters | ageon | Liters | age on | Liters | age on
sap sap sap sap

Per cell or per period.___________ 0. 944 100.0 | 0.939 99.5 | 1.407 149.0 | 2.346 248.5
In column:

Below circulation._____._____ 8.496 50.0 | 8.451 ATl e b Sl o L e e

Above circulation__.___._____ 8.496 50.0 | 8.451 LS IR, R RN

Totaliincellsesi- 2 o s 16. 992 100.0 | 16.902 GUbrls sl el iaier s BluaR a et

Inciraulatory systemis 2 _ade o L0 | axinead 6.6 ST RIS s SIOSIS ) T SR

In total flood eolfmam L lE SRV ERET ) _oth 20 23.5 138.3 | 1.407 8.28 | 2.346 13.81

Volume (per minute).._... 0. 200 RO RGeS 0.298 81,27 | 0.497 211

» These percentages are computed on the total flood column, not the sap.

The desired pressure of the gaseous contents of the saturator was
maintained by immersing the liquid-SO, cylinder in a steam-heated
water-bath which was adjusted by hand to a temperature of approxi-
mately 30° C throughout the experiment. The pressure of the battery
supply water was that produced by a small booster pump of the
centrifugal type in series with the city water supply, and it averaged
54 Ib/in.? above atmospheric pressure. At the rate of flux employed
an average head of 33 lb/in.2 was required to force the flood liquid
through the upper half of the column, and the difference, 21 Ib/in.?
was the maximum mean pressure allowable for the gases in the scrub-
ber, where the mean surface of the liquid was approximately level
with the low pressure manifold. If the pressure due to air in the
scrubber had been negligible, the temperature of the liquid SO, could
not have exceeded 4 to 24°, although the temperature of the water-
bath never was less than 26° C. Actually the pressure must have
contained a considerable component due to air, since even the mini-
mum pressure observed, if due to water vapor and SO, alone, should
have established a greater concentration of the reagent in the diffusion
juice than any observed. In coming to this conclusion, full account
18 taken of the dilution with respect to SO, due to diffusive inter-
change between sap and flood liquid in the lower half of the column.
Unfortunately, no direct observations were made on the concentra-
tions of SO, which existed in either the liquid or the gaseous contents
of the saturator. Details of the pressures observed are presented in
table 15. The gaseous pressure in the scrubber was approximately
equal to the hydrostatic pressure in the low-pressure manifold at the
mean operating level of 40 cm, which was maintained in the scrubber.
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TaBLE 15.—Summary of pressures

Gage pressures
In circulatory system Temper- Absolute
2 ature of | Pressure of
Time Pressure air, water
Battery dropt water- Gl
1 Do Develop-| 1y: Hathy [ YeL0Euan
SUpp Y| imid- Low- |ohoon:| High- 2 802
kel column | pressure cula};i(:m pressure
manifold pump manifold

1b/in.? 1b/in.2 1b/in.2 1b/in.? 1b/in.2 e atm
52 14 38 8 46 30 3.59
22 8 30 30 2. 50
18 8 26 26 2.22
24 6 30 30 2.63
36 8 A4 Nl giotiis 3.45
21 8 29 30 2.43
17 8 25 30 2.16
12 10 22 29 1.82
13 8 20 gt ot 1.88
21 8 27 29 2.37

(b) EXPERIMENTAL RESULTS

The concentrations of reducing sugars and SO, were observed in
the resulting products for several of the periods. The results, as
identified with the charges numbered serially from the beginning, are
presented in table 16. The residues are those which resulted from the
extraction of a given charge and the diffusion juice that which was
drawn from the cell containing the given charge.

TABLE 16.—Observed concentrations of SO, and reducing sugars in products

Pulp sap Pulp water Diffusion juice
i Red Red Red
educing educing s Reducing
50, sugar 502 sugar S0, sugar

mg/100 1l | mg/100 ml | mg/100 m1 | mg/100 ml | mg/100 ml | mg/100 ml
432.0 4, 600

Total, charges 10 to 43_______ 15.15 584.72 9. 610 199. 19 1, 563.3 17,230
Average, charges 10 to 43____ 2. 525 116. 944 1. 602 33.198 390. 83 4,307.5

(c) RELATIVE EXTRACTIONS OF SULPHUR DIOXIDE

The performance of the process with respect to the removal of
SO, from the residues relative to the concurrent extraction of reducing
sugars is expressed very strikingly in table 17, which is calculated from
table 16.

7187—37——4
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TaBLE 17.—Relative concentrations of extractives

Concentration
io1s s : Grams per 100 g of reducing
7 : Material in which Grams per 100 g of SOy in— ?
Extractives contained sugars in—

Pulp Diffusion | Pulpsap| Pulp Diffusion

Pulp sap water juice water juice
BligeEcte s Pulpisap::- o« 100. 00 157.6 0. 65 2.16 7.61 0. 059
Reducing sugars_|..___ (i (/s 12 AR 4, 631 7,300 29.9 100. 00 352.3 2.72
PO = i AN Pulp water._..._ 63. 44 100. 00 .41 1.37 4.83 . 037
Reducing sugars_|-.._ oL s i o 1,315 2,072 8.49 28.4 100. 00 LT
BOg=v s 3 Diffusion juice_ .| 15,480 24, 400 100. 00 334 1,177 9.07
Reducing sugars._{..___ O = ooy o3 170, 600 268, 900 1,102 3, 683 12, 980 100. 00

Thus for every 100 g of SO, in the diffusion juice, the pulp sap
contained but 0.65 g and the pulp water but 0.41 g; while for every
100 g of reducing sugars in the diffusion juice the pulp sap contained
2.71 g and the pulp water 0.77 g. The fact that the pulp sap con-
tained relatively less than one-fourth as much SO, as reducing sugars
and the pulp water relatively more than one-half as much SO, as
reducing sugars was due to the fact that the reagent was diffusing
more rapidly than the polysaccharides. The velocity of diffusion for
the reagent was so much greater that the flood liquid (pulp water)
in the last posture could attain a concentration of SO,, which was 63
percent of that left in the sap while it was attaining a concentration
of reducing sugars which was but 28 percent of that left in the sap
(41/0.65=63; 77/2.71=28). The concentration of reagent could be
reduced to 2.16 percent of the concentration of reducing sugars in
the pulp sap by contact with flood liquid which thereby absorbed
the reagent up to 4.83 percent of its concentration of reducing sugars.
(Notice that all concentrations are expressed on a gram basis, not
molecular. The molecular concentration of the polysaccharides can-
not be stated, since the mean molecular weight is not known.)

TaBLE 18.—Brief of relative concentrations of extractives

Percentage 2/100 g re-
lz)%nga(x)ltaige on reducing | ducing sugars

Extractives Material in which contained diﬁusi’on sugars in in material

siee diffusion in which

] juice contained
Pulp sap-._. 0.65 0.059 2.16
RO as e L R Pulp water._ .41 . 037 4.83
Diffusion jui H 100. 00 9.073 9.07
BalaaD .o o SR 29.92 2.71 100. 00
Reducing sugars_ .. _.._.__.__. Pulp water.__..___. 8.49 Ay 100. 00
Diffusion juice 1,102 100. 00 100. 00

The differentials in the relative extraction of the two kinds of ex-
tractives would have been still greater except that charges 21, 23, 41,
43, and especially 46, were discharged before the process was complete.
The mechanical failure of the mass-structure of the packed cossettes
had developed an excessive pressure-gradient in the upper half of the
column, rendering it necessary to discard these particular charges be-
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fore they had reached the head of the column. Table 15, column 3,
indicates that this pressure-gradient had an upward trend throughout
the experiment. For this reason and others it is concluded that the
term of processing should have been shorter with this regime and this
lot of tubers.

V. SUMMARY

The experimental procedure has been described for the ordinary
regime of operation in the miniature diffusion battery previously
described, including the method used in setting up the extraction
columns and two methods used in terminating experiments. The
gross performance of several columns during sweetening off has been
compared with the previous performance during regular operation.
The concentration gradients observed along the columns in three early
experiments have been presented for future analysis. Data have
been presented on the relative volumes of sap and flood liquid, the
rates of phase translation, the temperatures of the flood liquid, the
degree of extraction attmned and the relative magnitudes of the
residues obtained in the extraction of polysaccharides from jerusalem
artichoke cossettes prepared with commercial beet knives. This in-
cludes the yield of dried pulp in three experiments. The over-all
rates of the gross extraction have been correlated with the rates of
phase translation employed. Finally, the relative degree of extrac-
tion of the polysaccharides and an added reagent (SO,) has been
illustrated by means of the data obtained in a smo-le experimeut with
the regime of midecolumn dosage previously described by one of us.

WasHINGTON, July 23, 1937.
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