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Introduction

Production of high quality fine liquor as feed to the sugar refinery crystallization system is
critical to ensure high quality refined sugar. Adsorbents are an essential component of this purification
process, regenerable or disposable, the latter requiring significantly less capital investment.

Extended full scale refinery trials were conducted at four different refineries, all previously using
non-regenerable, carbon-based adsorbents (PAC ), utilizing a newly formulated non-regenerable
adsorbent created to optimize hydraulic pressure and maximum decolorization, as a unique means of
achieving more efficient adsorption processes. The initial trials were designed to compare adsorbent
and filter aid consumption, duration of filtration cycle, sugar losses, wash water consumption and filter
cleaning times required to achieve fine liquor color, pH, and turbidity in the same specification range as
in current practice. On average, adsorbent use (based on refined sugar output) was reduced by 30%;
filter aid use by 50%; and product turbidity by 25%. Due to the enhanced filtration characteristics of the

nd related sweetwater losses, were reduced on average, by 50%. In
addition, pH drop decreased by an average of 0.2 to 0.3 units versus current practice.

Based on these results, additional trials were run to investigate the use of Ecosorb S-492 in other
processing schemes to further improve the refining operation, including, 1.) eliminating clarification
(phosphatation); and 2.) treating a portion of the run-off (currently sent back to the mill) through
addition to the clarified liquor.

Background

Ecosorb® multi-functional adsorbent products have been used for 20+ years to produce high
quality, low color liquid sugar. The general mode of operation was originally as a precoat, which
involves loading all of the adsorbent on the filter at the beginning of the filter cycle (after the initial DE
precoat), and achieving all of the color reduction as the sugar solution passes through the filter cake.
When treating low turbidity, fully refined sugar, no additional filter aid is needed after the initial DE
(diatomaceous earth) precoat (Figure 1).

This precoat operation is only possible due to the combination of the rapid kinetics of small
adsorbent particles combined in an open, highly permeable structure (Figure 2). This unique
combination allows the use of thicker filter cakes with low pressure drop for maximum decolorization
and filter cycle life (up to 1 week, depending on the service).



Figure 1 Use of Ecosorb in Precoat Mode



Figure 2 Ecosorb Multifunctional Adsorbent

Over the years, applications for Ecosorb evolved to include batch treatment of higher color
(Figures 3 and 4). Both of these modes of operation

take advantage of the significant exhibited with proper use of Ecosorb adsorbents.

Figure 3 Use of Ecosorb in a Batch Slurry Operation



Figure 4 Use of Ecosorb in a Hybrid Precoat/Slurry Operation

Press Effect (realizing full adsorptive capacity of the media) is defined as the residual
adsorptive capacity of the adsorbent in the filter cake. The magnitude of the press effect depends
on the type and amount of adsorbent accumulated on the filter (adsorbent concentration); the
thickness of the filter cake; and the flow rate (which together determine the contact time and
ultimately the mass transfer capability in the filter cake). While a very modest press effect is
sometimes seen in a standard PAC/DE adsorptive process, the press effect with Ecosorb
adsorbents is much more pronounced for several reasons:

Much more active adsorbent can be loaded on to the filter than with standard
PAC/DE for several reasons:
On an equal solids basis, the Ecosorb dosage required is less than half of that
required for PAC
Due to lower solids, and better filtration properties, much less DE body feed is
required per batch (generally 40 60% less).
Due to its unique hydraulic properties, Ecosorb filter cycles run much longer
(typically 2-3 times longer), resulting in much thicker filter cakes (up to 3 5
cm), allowing maximum use of the residual adsorptive capacity

The resin component in Ecosorb products retains more adsorptive capacity than PAC

As a result, in batch operations, the residual capacity of the adsorbent from the first batches of a filter
cycle contribute to the decolorization of later batches, allowing the use of much lower dosages on the
later batches (Table 1). Press effect is significant starting at Ecosorb dosages of 1 2 kg/m2 (0.2 - 0.4
lb/ft2). Loadings of 5 10 kg/m2 are typical.

This significant press effect is part of the reason that it is very difficult to evaluate Ecosorb
products based solely on laboratory tests, or even in most pilot plant scale testing, where filter cake
thickness, temperature of the feed going through the filter cake, and flow rates (and therefore contact
time) are not the same as in commercial operations.

Table l Press Effect with Ecosorb S-426 RB

* Multiple batches per filter cycle

* 28% Reduction due to "Press Effect"
S-426 Adsorbent

Load

Dosage Color per batch

(kg/MT) (IU) (kg/m²) (kg/m²)

Feed - 110

Batch 1 0.019 20.8 1.09 1.09

Batch 2 0.014 20.9 0.80 1.89

Batch 3 0.012 20.7 0.69 2.58

Batch 4 0.010 20.9 0.57 3.15

Average 0.01375



Ecosorb® S-492 Multifunctional Media in Refining Applications

Refinery applications place different demands on the adsorbent. Turbidity reduction is
critical, as well as optimizing decolorizing efficiency and hydraulic properties to maximize filter
cycle life and minimize filter aid requirements (both precoat and body feed). Ecosorb S-492 has
been developed specifically for refining operations. By maximizing both decolorizing ability
and filtration properties, filter cycles are increased, leading to both reduced DE usage (for
precoat and body feed) and maximum . Since a refinery is a continuous process,
the option to vary the dosage as the filter cake thickness increases is often not practical.
However, most refineries using non-regenerable adsorbents use multiple filters running in
parallel (Figure 5). Since the filter cleanings are generally staggered, when Filter 1 is new, and
exhibiting very little press effect, Filter 2 is partially full, starting to experience some press
effect, and Filter 3 is nearing the end of its filter cycle, showing maximum press effect. This
averaging effect allows the refiner to keep the Ecosorb S-492 dosage constant as long as the feed
color and fine liquor color target remain fairly constant.

Figure 5 Use of Ecosorb in a continuous slurry operation

In addition, it is well known that cane sugar contains numerous color bodies with
differing chemical and physical attributes. A combination of activated carbon and ion
exchange resin is often more effective than either one alone.

1Colorants more effectively removed by Activated Carbon:
In general, less polar compounds naturally found in cane

Phenolics
Melanins
Caramel colors



Colorants more effectively removed by Ion Exchange Resins:
In general, more polar compounds and higher molecular weight compounds produced
in upstream processing

Melanoidins

Adsorbent Comparisons - Trial Results:

Concepcion Refinery - Guatemala
This is a phosphatation refinery with estandar sugar feedstock, utilizing a single boiling

scheme with backboiling, and a refined sugar capacity of 600 MT per day. The primary goal of
this trial was to reduce over-all operating costs, both for adsorbent and filter aid, and by
reduction of sugar losses.

Table 2 Concepcion Commercial Scale Adsorbent Trial (2014/2015 crop season)

Two significant differences were demonstrated between the previous adsorbent and
Ecosorb S-492. First, use of S-492 resulted in a 61% reduction in adsorbent usage and a 24%
reduction in filter aid usage, which together resulted in an over-all savings of 30% on adsorbent
and filter aid.

In addition, the pH drop in the adsorbent step was reduced from 0.6 units to 0.4 units,
which results in less sugar inversion and reduced product losses. This same trend is seen when
comparing S-492 to most of the carbon-based adsorbents used in refining applications.

Concepcion also realized additional savings from longer filter cycles and reduced filter
cake generation for which the monetary value has not been quantified:

33% reduction in sugar losses in filter cake
33% reduction in sweetwater generation
33% reduction in process water for filter cleaning
55% reduction in solid waste from filter cake



Based on these results, the refiner later decided he could cost-effectively increase the dosage
of S-492 and produce lower color refined sugar in the range of 20 -25 (IU) to supply a new
market at improved profitability.

Pantaleon Refinery - Guatemala
This is a phosphatation refinery with estandar sugar feedstock, utilizing a single boiling

scheme with backboiling, with a refined sugar capacity of 850 MT per day. The primary goal of
this trial was to reduce over-all operating costs, both for adsorbent and filter aid, and by
reduction of sugar losses.

Table 3 Pantaleon Commercial Scale Adsorbent Trial (2014/2015 crop season)

In addition to the cost savings for adsorbent and filter aid, the following benefits were
realized for which the monetary value has not been quantified:

57% reduction in sugar losses in filter cake
57% reduction in sweetwater generation
57% reduction in process water for filter cleaning
50% reduction in solid waste from filter cake
Reduction in lime treatment costs (because of the reduced pH drop with S-492)

The same decrease in pH drop was observed (from 0.6 to 0.3 units).
Recent operating data from the 2015/2016 season (over a longer period of time than this

initial test) is demonstrating a significant dosage reduction with S-492 which is consistent with
our findings at other refineries.

La Union Refinery Guatemala
This is a phosphatation refinery utilizing a single boiling scheme with backboiling, and a refined
sugar capacity of 950 MT per day. The primary goal of this trial was to increase both brix and
yield, and to reduce over-all operating costs, both for adsorbent and filter aid, and by reduction
of sugar losses.



Table 4 La Union Commercial Scale Adsorbent Trial (2015/2016 Crop Season)

In addition to the cost savings for adsorbent and filter aid, the following benefits were
realized for which the monetary value has not been quantified:

Increase in brix was achieved (approximately 2.0 units on average)
65% reduction in sugar losses in filter cake
65% reduction in sweetwater generation
65% reduction in process water for filter cleaning
80% reduction in solid waste from filter cake

In addition to the savings above, the goal of operating at higher brix was achieved
(approximately 2 brix on average, and further optimization planned). The savings that can be
achieved by raising brix is estimated later in this paper).

Izalco Refinery El Salvador
This is an integrated refinery utilizing a traditional four boiling scheme. The estandar

sugar feed is of sufficient quality so that clarification is not required. The goals of the refinery
management were to decrease processing cost per MT of sugar produced, and to increase daily
production capacity.



Table 5 Izalco Commercial Scale Adsorbent Trial (2015/2016 Crop Season)

An extended commercial trial demonstrated that both goals could be achieved
achieving an 11% reduction in adsorbent and DE cost and a 5% increase in daily production
capacity. This increased production capacity can be used to either reduce the length of the
operating season, or to allow processing of additional raw sugar.

Izalco also realized additional savings from longer filter cycles and reduced filter cake
generation (70% reduction) were realized for which the monetary value has not been quantified:

70% reduction in sugar losses in filter cake
70% reduction in sweetwater generation
70% reduction in process water for filter cleaning
70% reduction in solid waste from filter cake

Elimination of Clarification (Phosphatation)

Based on the results with S-492, several Central American refiners expressed an interest
in evaluating the use of S-492 as a total replacement of clarification in their refining process.

Concepcion - Guatemala
The primary goals of this trial were to increase daily production and reduce the

processing cost per MT of sugar produced. In addition, there was a strong desire to eliminate the
complexity of the clarification process, and avoid the long break-in period needed to line out the
process during refinery start-ups - in other words, to simplify the process, as long as it does not
add to the over-all processing cost.



Table 6 Elimination of Clarification Quality Results (Concepcion)

Note that the turbidity was lower in the raw melt during the test than either before or after
the test. We are not sure why, but we will be monitoring closely in future trials.

The refined sugar quality was acceptable. Turbidity was slightly higher than before the
test, but still well within the specifications. Color and ash were also within specifications.

Two key advantages were demonstrated during the test, which may be interrelated:

1. The brix of both the raw melt and fine liquor were significantly higher than the period
before and after the test, approximately 1.6 units higher. This is significant, and we
believe that further optimization will demonstrate that the brix can be raised further,
potentially to as high as 70, which would result in significant energy savings and
throughput increases.

2. Daily production increased approximately 4% with no reduction in yield

Table 7 Elimination of Clarification Chemical Use (Concepcion)



One might expect that a potential drawback to this process change might be the filtration
capacity at the higher adsorbent and filter aid dosages required. In fact, quite the opposite was
found - despite the higher adsorbent and filter aid dosages required, the higher brix processed
(compared to the brix with clarification), and lower temperature (approximately 3° C lower)
during the trial, the filter cycle was actually 27% longer.

Table 8 Elimination of Clarification Costs (Concepcion)

Chemical costs are given in Table 8. Other costs for clarification via phosphatation have
not been captured. However, we have included as estimate of total operating cost for
Phosphatation presented by Vawda2 as a benchmark.

Table 9 Elimination of Clarification Potential Steam Savings at Higher brix

Other Cost Savings Achieved Through Elimination of Clarification:

Reduced Labor
Reduced Maintenance costs

Labor
Parts

Reduced energy consumption
Reduced water usage
Reduced sweetwater generation
Reduced sugar losses in scum de-sweetening
Less impact on raw sugar operations

The higher cost of the additional adsorbent and DE required must be weighed against the
savings in all of the costs associated with clarification, including the potential energy savings
that can be gained by operating at higher brix.



Treating Run-Off Post-Clarification

La Union Refinery - Guatemala
This is a phosphatation refinery utilizing a single boiling scheme with a daily capacity of

approximately 950 MT. Current operation involves backboiling at a ratio to the pans of
approximately 60% fine liquor/40% run-off. Additional run-off equivalent to 7 8 % of the raw
melt (solids basis) is typically recycled back to the mill. For this trial, a portion of the run-off
was recycled to the process (Figure 6) by adding it to the clarified liquor prior to the
decolorization process (inboiling), and reducing the quantity of run-off sent to backboiling,
resulting in an over-all reduction in the quantity of run-off returned to the mill.

Figure 6 Flow Diagram LaUnion Run-off Recycle Test

Over the 17 day trial an overall reduction in run-off sent back to the mill of
approximately 18% was achieved. This resulted in an increase in yield of refined sugar per ton
of raw sugar of 1.4% and an estimated increase in revenue, after accounting for the increased
cost of adsorbent and DE, of $2.50/MT or sugar produced.

This data includes results from 1 day when the mill was only able to handle a small
quantity of run-off. Inboiling + backboiling was increased to the point where run-off quantities
of less than 2% of the melt needed to be sent to the mill, with no adverse effects on refined sugar
quality. This resulted in an increase in refined sugar yield of 4.4% over the average of the recycle
test, and 5.8% over standard operation (no inboiliing). The estimated revenue increase under
these conditions (adjusting for increased adsorbent/DE cost) was$14.50/MT sugar produced.



Further testing is needed to determine the optimum levels of inboiling/backboiling over a longer
period of time.

Table 10 Run-off Recycle Mass Balance Summary (La Union)

The fine liquor color during the recycle test was significantly higher than during standard
operation, but since less backboiling is occurring, the massecuite color and refined sugar color
are similar to standard operation.

Table 11 Color Results - Run-off Recycle Trial (La Union)

The refined sugar produced during the recycle tests was equal to normal refined sugar
production in all respects (Table 12)



Table 12 Refined Sugar Quality Run-off Recycle Trial (La Union)

Over the course of the trial, an average increase in yield of 1.4% was achieved, resulting
in an additional 14 kg of refined sugar per MT of refined sugar processed. At the higher recycle
levels, an additional 58 kg per MT refined sugar produced. The net increase in revenue is
estimated in Table 13

Table 13 Economic Impact of Treating Run-off Recycle (La Union)

Based on initial results, further work is planned for next crop season.

Conclusions

Ecosorb S-492 as a replacement for PAC (and other non-regenerable adsorbents) in existing
processing schemes:

Ecosorb® S-492 is a cost effective alternative to other carbon-based non-regenerable
adsorbents, resulting in lower adsorbent and DE dosage, and significantly lower cost per
MT processed (based strictly on adsorbent and filter aid usage)
Additional savings, as a result of reduced sugar losses in the filter cake; reduced
sweetwater generation; reduced process water required for filter cleaning; and reduced
solid waste generation have been demonstrated
A significant reduction in pH drop during the decolorization process has been
demonstrated, leading to reduced sugar losses due to inversion (conversion of glucose to
reducing sugars)



Effective operation at increased brix has been demonstrated
Increased Yield and/or increased daily production have been demonstrated

Ecosorb S-492 as a replacement for Clarification via Phosphatation:
Initial tests showed that acceptable quality refined sugar was produced, as measured by
color, ash, and turbidity
Daily production increased by 4%
Brix in fine liquor feeding the pans was increased by 1.7 units versus current operation,
and further optimization is possible (potentially up to 70 vs current 64 65)

Ecosorb S-492 to treat run-off post-clarifier:

Run-off can be successfully recycled (added to clarified liquor stream prior to adsorbent
dosing) at addition rates as high as 35% of the raw melt (dry weight basis) without
impacting final refined sugar quality
Yield increases of up to 5.8% have been demonstrated
Initial results indicate that increased revenue of up to $ 14.00 per MT of refined sugar
processed may be possible (further testing is planned to confirm).



Future Work

Ecosorb S-492 is a versatile and robust technology, often able to handle process upsets that
other technologies cannot, and can be used in a variety of ways to improve the over-all efficiency
of refining operations (Figure 7).

Figure 7 Ecosorb Options in Sugar Cane Refining

Graver is a specialty adsorbents company, committed to on-going process development in the
sugar refining industry. We welcome the opportunity to work with refiners to advance sugar
refining technology. Planned future work includes:

Elimination of clarification, specifically at higher brix, with S-492
Extending the use of S-492 to cost effectively treat run-off in other processing schemes
Combining the two process improvements described above: elimination of clarification
and treatment of run-off
Ecosorb treatment prior to Clarification (adsorbent removed in flotation scum or
carbonatation mud)
Pretreatment prior to GAC and/or IER to extend life of columns and allow cost effective
treatment of higher color feeds.
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