The New DdS Silver Slope Diffuser

HaroLp F. SiLver'

Several years ago the Danish Sugar Company (De danske Sukkerfab-
rikker) began experiments in continuous diffusion, hoping to develop an
apparatus that would be simpler than the continuous diffusers then available
in Europe and America. Among those assigned to the project was Mr, H.
Bruniche-Olsen, a young Danish engineer, who conceived certain ideas that
were finally embodied in a [ullsize diffuser ol approximately 1,200 tons
daily capacity at the Kolding slicing station (1)* This machine, called the
“DdS” Diffuser (using the initials of the sugar company), proved to be

" much simpler in construction than previous continuous diffusers and achieved
very satisfactory operating results. Subsequently, a larger machine was built
and installed at the Assens factory, and in 1954 a machine of 2,200 tons
capacity was installed at the Saxkjobing [actory.

During the 1953 campaign in Denmark, the operation of the Kolding
and Assens machines was witnessed by the writer, who became interested
in the possibilities of this new diffuser. A contract was later consumated
between the Danish Sugar Company and Silver Engineering Works, Inc,
whereby the latter took over the manufacturing and sales rights in the
western  hemisphere. It was evident to the writer that American sugar
engineers would desire machines ol greater capacity and lower retention
time than had been developed in Denmark. Silver Engineering Works, Inc.,

1 President, Silver Engineering Works, Inc., Denver, Colorado,
2 Numbers in parentheses refer to literature cited.
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therefore, undertook 1o build a pilot diffuser incorporating cortain changes
in design that, it was hoped, would make possible the higher tonnages and
shorter retention time.

The pilot difluser consisted essentially

ol a sloping trongh. shaped 1o
fit around wwo inwermeshing saolls revolving ouwtwardly av the wop. The
cossettes entered av the lower end and were scrolled (o the upper end, where
they were removed by a pulp dewatering wheell "The water entered at the
upper end and percolated through the cossettes by gravity to the lower
end, where the juice was withdrawn through o fine perforaed sereen, which
was kept clean by a pair of rorating sarapers. A photograph of the muchine
m clevation is shown i Figure T, and o cross secdon in shown i Figure 20

The Great Western Sugar Compmny made available its Gering, Ne
hraska, plant for the experimental opernton, and the pilot machine way
installed for the 1935 campaign, The difuser was fod by oasepurate shicer
with 4 separate weighing device and could, therefore, be operated inde-
pendently ol the regular factory Robert buttery, Complewe contvolling and
recording instruments were installed, and arrangements were made with the
laboratory to ke hourly samples of pulp and juice and (o make periodic
checks of juice purity and pH.
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Figure 2-—Section through pilot Figure 3.—Draft and pulp loss—
diffuser. first trial runs.

The first operation of the pilot diffuser established bt the volumetric
capacity had been increased in the Silver design, but the sugar recovery was
disappointing, The results are shown as “First Design”™ in Figure 30 Afer
a lew days of operation, the diffuser was shut down and changes were made
in the construction of the breaker bars, The machine was then put into
service again, with greatdy hnproved performance s to pulp loss and draft,
The resules of this operation e shown as “Sceond Design™ in Figure 3

In the Danish machines the serolls were made up ol spaced-concentric,
helical bands built as continuous Hights,  In the Silver version of  the
machine, the serolls were built similarly, except that the sarolls were foter
rupted and separated by breaker s, One section of one of the serolls had
been supplicd with a perforated aluminum plate. in place ol the helical
hands and this appeared 1w [anction much better than the rest of the
scroll. The machine was again shut down and the spuced bands were
replaced with steel perforated plates. Steel wus used instead of aluminum
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hecause it could be more readily instailed by welding.  After the muachine
was again put into service, it was obvious that the results had been signific-
antly improved.  The pulp loss and dralt were not only lowered 1o the
range ol the Rolding machine, but the cipacity was further increased, so
that the machine on a volunie basis oporated at o rate approximarely double
that achieved in Denmark. The retention dime of the cossettes was found
to be only 40 o 45 minutes. or about hall that of the Kolding machine,
The juice retention time was figured to be 30 o 35 minutes.

It was concluded thar the general design ol the machine was now satis-
factory, and arrangementss were made to determine the optimum slope of
the diffuser. 'The machine had been built for ready adjustment as 1o slope
and at the dme of mstalladon was set on a slope of approximately 9 degrees.
" Mr. Bruniche-Olsen had originally experimented in Denmark with a slope
ol Tin 10 but had later seuded on a slope of Uin 7 {approximately 8 degrees)
as being more satisfactory. The writer believed that a somewhat steeper
slope might vield betier results. The machine was raised to 11 degrees slope
and an immediate buprovement in the results was noted.

After a few days ol operation, the slope was again rawed, this time 0
12 degrees: but the pulp loss increased and the power exceeded reasonable
requirenents. The slope was lowered to the 1T degree seeting and the results
improved. The slope was then reduced 1o 10 degrees, but the results ap-
peared to be somewhat poorer. The slope was now increased to 1014 degrees
and the results improved to about the same range as attained at 11 degrees,
It appeared that an angle of 1014 degrees 1o 11 degrees was the optimum
slope of the diffiser. Figure 4 shows the operating resules for the “Third
Design” at the 9 degree, 11 degree, and 12 degree slopes. The curve for
Kolding is also shown for purposes of compurison. The Kolding diffuser
was operated with the return of pulp-press water, whereas, the pilot diffuser
had no such return, The curve for Kolding has, thercfore, been adjusted
to what it would have been had there been no return of press water,

An additional benefit was guined by the changes made in the third
design. Previous to the installation of the perforated plates the purity
of the raw juice from the pilot diffuser was found o be consistently below
that of the factory juice [ram the Robert batrery.  This appeared to be
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caused by the hanging up of pulp on the scroll arms between the helical
bands, which pulp somctimes would trn black before it finally worked
itsell loose. After the installation of the perforated plates, there was no
further hanging up of pulp, and the purity of the raw juice from the pilot
diffuser was always cither equal o or higher than the factory raw juice.

The pilot diffuser was heated with two steam jackets wrapped around
the trough: onc at the lower end extending up about 60 percent of the
length, and another at the upper end extending down about 30 percent
of the length. Tigure 5 shows the teraperature range throughout the Jength
of the machine and the pH determinations at various points in the machine,
The maximum temperature of 77 degrees swas reached near the lower end
of the machine and gradually tapered off to 51 degrees at the control point
at the upper end. Tt was foand that il the temperature at the upper control
point was maintained ahove 51 degrees the pH would be well above 8,
but if the temperature dropped below 31 degrees there was a drop in pH
to dangerous Jevels, No formaldchvde or other bactericide was wsed in
pH conwrol. Laboratory tests showed that the lactic acid content of the
raw juice from the pilot diffuser was less than for other continuous dilfusers
in the Grear Western factories and abeout the same as for Robert batferies.

The Danish Sugar Company had found it desirable to use very large
cosscttes  (1h-division knives) to get proper circulation. The initial run
of the Silver pilot diffuscr was made with cossettes from 23 division knives,
but it was found that the machine would also operate satislactorily with
cosseties from regular 46 division knives set at 1% millimeters up and 1%
millimeters back,

During part of the campaign the pilot diffuser operated with badly
frozen and partly votten beets without apparent difficulty. While it may
be expected that there will be some reduction in capacity with rotten or
mushy beets, it was the opinion of the factory superintendent and his staff
that deteriorated beets could be processed much more casily in the DAS
Silver Slope Difluser than in the Rebert diffusion battery.

The pilot diffuser was built with serolls 34 inches in diamcter and 45
feet long, The overall Tensth of the machine was 57 leet, and the over-all
width was 12 Teet. The scrolls were driven with two 714-horsepower motors,
and the pulp dewatering wheel with a 2horsepower motor. A speed-chang-
ing device was used to experiment with various sceroll speeds. Up o 11
RPA there was no appreciable tendency Tor foam to form, and rhe machine
handlied about 550 tons of beets per day without the use of loambreaking
oils. At higher speeds and eapacities, a small amount of ofl was required.
It appearcd that about one gallon of Balab, Steffens Type. cut with kerosene,
would suflice for cach 200 tons of beets. When avtomobile crank-case drain-
ings were substituted for the Balab. about five times the quantity of oil was
required. An interesting obscervation was made in the use of these oils. Tt
was found that the Balab, a vegetable oil compound. scomed to trayel
mostly with the juice, and, therefore, had to be added ncar the middle
ol the diffuser to be most effective. On the other hand, the crank-case drain-
ings. a mineral oil, seemed to travel with the cossettes. and bad 1o be added
at the lower end to give the best results. At the top speed of 1.4 RPM, a
maximum capacity of 758 tons of beets per day was reached, and for several
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hours al a time an operating rate of over 800 tons was recorded. Tt is be-
Heved that a rated capacity of about 630 tons of beets per day should be
assigned 1o the pilor diffuser. Based upon dhis rating, commercial machines
up to 4,000 tons capacity have been projected, as shown in Table 1,

Table L—~Projected Diffuser Sizes and Capacities.

Size Floor Space Reguived Connected Capacity
(Scroll Dial) {Approximate) Horsepower Tons Per Day
78" 4 Froox 60 Ft, 40 1300
an” 16 Fr. x 62 ¥, 50 1750
02 I8 Froox 64 Fr, GO 2200
147 20 Fi. x 66 Fu 80 2700
126™ 22 ¥t x 68 ¥, 100 3300
138~ 24 Fr.ox 70 T, 120 . 4000

The 1935 campaign averages of pulp loss and drale for most of the
factories of the large bect sugar companies in the United Stares are ploted
as points on a chart in Figure 6. Alo shown on the chart lor comparison
is the curve of operation of the pilot 1dS Silver Slope Diffuser. This indi-
cates the Jarge potential of sugar and coal saving that may be made with
this new diffuser. It s the most simple amd the most accessible apparatus
yet devised for continuous diffusion. It should have a very long life, as
witnessed by the fact that the masimum thickness of metal removed from
the shell of the pilot machine by crosion and corroston was only 008 inch
by over 60 days of full operation.
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The first commercial diffuser of this type has been ordered by The
Great Westemn Sugar Company for operation at irs Eaton, Colorado, [actory
during the 1956 campaign. This could well inaugurate a new cra in
diffusion, with the DdS Silver Slope Diffuser becoming the new standard
ol the sugar industry.
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