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EXECUTIVE SUMMARY

The nitro-hydrolysis process has been demonstrated in the laboratory in batch tests on one municipal waste
stream. This project was designed to take the next step toward commercialization for both industrial and
municipa wastewater treatment facility (WWTF) by demonstrating the feasibility of the process on a small
scale. In addition, a 1-Ib/hr continuous treatment system was constructed at University of Tennessee to treat
the Kuwahee WWTF (Knoxville, TN) sludge in future work. The nitro-hydrolysis work was conducted at
University of Tennessee in the Chemical Engineering Department and the gas and liquid analysis were
performed at Oak Ridge National Laboratory.

Nitro-hydrolysis of sludge proved a very efficient way of reducing sludge volume, producing a treated
solution which contained unreacted solids (probably inorganics such as sand and silt) that settled quickly.
Formic acid was one of the main organic acid products of reaction when larger quantities of nitric acid were
used in the nitrolysis. When less nitric acid was used formic acid was initially produced but was later
consumed in the reactions. The other major organic acid produced was acetic acid which doubled in
concentration during the reaction when larger quantities of nitric acid were used. Propionic acid and butyric
acid were not produced or consumed in these experiments.

It is projected that the commercial use of nitro-hydrolysis at municipal wastewater treatment plants alone

would result in atotal estimated energy savings of greater than 20 trillion Btu/yr. A net reduction of 415,000
metric tons of biosolids per year would be redized and an estimated annual cost reduction of $122M/yr.
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1. INTRODUCTION

Ninety-nine thousand tons (2000 Ib/ton) of biosolids, organic residuals from primary settling and biological
treatment, are produced each day at wastewater treatment facilities (WWTF) in the U.S. Approximately one-
third of the biosolids, 33,000 tons/day, generated by large industrial and municipal WWTF is presently
incinerated.” The remainder is used beneficially, land applied, or discharged to the ocean. The amount of
biosolids treated by incineration, an energy-intensive method, is likely to increase in the future as stricter
regulations reduce traditional disposal options such as land gpplication and ocean disposal.

The DuPont Company has recently discovered the “Nitro-Hydrolysis® sludge destruction technology, which is
based on nitric-acid catalyzed hydrolysis of biosolids,

HNQO; + Sludge ® Biodegradable materials + N,. (D]

Laboratory studies performed by DuPont on industrial biosolids verified that greater than 90% conversion of
the biosolids was achieved.? This means that greater than 90% of the biosolid was converted to a
biodegradable material. This biodegradable material may be recycled back to the wastewater treatment
process where oxidation to CO, and water is achieved, similar to oxidation of other carbon-based materials.
The use of this technology reduces the biosolids discharged from a wastewater treatment to less than 10% of
that originally produced. Any residua nitric acid may be biologically converted to N, and H,0.3

Nitro-hydrolysis is potentially applicable to sudge from industrial and municipal sources, and therefore,
substantially reduces the volume of residuals from biological wastewater treatment requiring
disposal/incineration. DuPont has interest in using the nitro-hydrolysis process in the future to treat their
industrial waste, but they recognize the tremendous potentia benefit for use at large-scale municipal WWTF.
They, therefore, offered to collaboratively develop the process for commercialization through a royalty-free
license for municipal and industrial companies. DuPont will retain the rights to worldwide use of the
technology at their facilities.

2. ENERGY, ENVIRONMENTAL, AND ECONOMIC BENEFITSOF NITRO HYDROLYSIS

Several incentives for use of nitro-hydrolysis exist in the arenas of energy, environment, jobs and tangible
economics. Management of 99,000 tons/day of biosolids accounts for up to 50% of the total water treatment
costs in the U.S.* There are presently 740 large-scale municipal wastewater treatment systems (treating
greater than 10 million gallons per day), which produce biosolids at a rate of 4450 Ib/Mgal.! For these
facilities, nitro-hydrolysis would reduce the volume of biosolids exiting the WWTF by 90%, and thus reduce
the amount of biosolids requiring treatment and disposal. This yields estimated energy savings in natural gas
and eectricity of 34.6 hillion BTU/year and 49 hillion BTU/year (tota: 84 hillion BTU/year) compared to
incineration for each of the 740 WWTF presently utilizing incineration as a primary treatment option.
Commercial use of nitro-hydrolysis at these plants alone results in a total estimated energy savings of greater
than 20 trillion Btu/yr. This resultsin a net reduction of 415,000 metric tons of biosolids per year, and an
estimated annual cost reduction of $122M/yr. The extraload on the WWTF would be related to the treatment
of the liquid from the sludge treatment and would only contribute 1.5-2% to the total flow through the
system. For alarge-scale WWTF the capital cost would be in the range of $2M. Nitric acid use of 0.2
ton/ton dudge is anticipated. There is a potential for recovering value-added products from the treated
sludge. It has been estimated that 178 kg formic acid and 325 kg acetic acid may be recovered from treating
one metric ton of dry sludge.®> The value of these products is $1.03/kg of formic acid and $0.60/kg of acetic



acid® and the annual value of recovering these chemicals is $163M/yr from large-scale treatment systems
presently using incineration.

3. BRIEF PROJECT DESCRIPTION

The nitro-hydrolysis process has been demonstrated in the laboratory in batch tests on one municipal waste
stream. This project was designed to take the next step toward commercialization for both industrial and
municipal WWTF by demonstrating the feasibility of the process on a small scale. In addition, a 1-lb/hr
continuous treatment system was constructed to treated larger volumes of dudge from the Knoxville, TN,
Kuwahee WWTF in a future demonstration. The nitro-hydrolysis work was conducted at University of
Tennessee in the Chemical Engineering Department and the gas and liquid analysis were performed at Oak
Ridge National Laboratory.

4. MATERIALSAND METHODS

The nitro-hydrolysis was performed in small stainless steel vessels constructed from ¥inch 316 stainless
steel tubing (Fig. 1). Initial experiments were conducted with identical capped ends. Later, additional caps
were fabricated allowing temperature to be measured or gas to be collected (Fig. 2). The volume of the
vessel was 25 mL. During experimentation, the pressure vessels were placed in an oil bath (Fig. 3).

Fig. 1. Pressure vessel for batch experiments.



Fig. 3. A deep fryer (National Presto Industries, Inc., Eau Claire, WI) was used as an
oil bath during experimentation.



The sludge used for the experiment was collected from the Knoxville Utility Board Kuwahee Wastew ater
Treatment Facility in Knoxville, TN. The sludge was collected as a mixture from primary and secondary
treatment and contained 4.1% (by weight) of total solids and 3.9% of suspended solids. An elemental anaysis
performed on the total solids by Galbraith Laboratories, Inc. (Knoxville, TN) showed the composition to be
41% carbon, 17% nitrogen, 21% oxygen, 12% hydrogen, and 9% others.

A typical experiment consisted of placing approximately 19 g of wet sludge and a known amount of
concentrated nitric acid in the pressure vessel and placing it into the preheated (180°C) oil bath. The reaction
time was recorded, beginning 2 minutes into the experiment. At a predetermined time, the vessel was
removed and placed in an ice batch for 5 min. The content was transferred to a volumetric cylinder and the
solids were allowed to settle.

Approximately 5-mL of the liquid was gravity filtered through filter paper (No. 5, Whatman International,
Maidstone, England)) and sent for liquid analysis. Organic acids (formic, acetic, propionic, butyric, and
vaeric acids), and nitrate analyses were performed using high pressure liquid chromatography. The maobile
phase (filtered 5 mM H,SO,) was pumped at 0.6 mL/min through a 300 mm x 7.8 mm (8-um particle size)
RHM monosaccharide column (Phenomenex, Torrance, CA) held at a temperature of 65°C. A refractive
index detector (Model 240, Waters Corporation, Milford, MA) held at 40°C was used for analysis. Each
sample was prefiltered using an Acrodisc LC 13-mm syringe-filter with 0.2-um-pore-size PV DF membrane
(Pall Corporation, Ann Arbor, MI). The sample injection volume was 10 pL and the resulting chromatograms
were compared with injections of acids and nitrate standards.

The remaining contents of the reactor vessel were vacuum filtered through afritted disk funnel. The solids
and the solids collected in the gravity filtration (see above) were then allowed to dry and the fraction of solids
consumed in the reaction determined by drying at 105°C over night.

The experiments were carried out in triplicates, which allowed for an estimation of experimental error. The
standard deviation was estimated using Equation 2 and the method outlined by Taylor.®

s=(Ri+R+...+R)/(kdy) (2)

Where sis the standard deviation, R; is the range of values within atriplicate experiment, k is the number of
sets (of triplicate) experiments in a group, and d,” is constant that depends on the degrees of freedom in a
group of sets. The experiments were divided into four groups, with assumed respective equal error; the 3-5
min-reaction-time group, 10-min-reaction-time group, the 15-min-reaction-time group, and the 20-min-
reaction-time group. The standard deviation was then determined for the experiments within each group.

5. RESULTSAND DISCUSSION

The overall conversion of sludge solids was very successful from a visual standpoint (Fig. 4). The treated
sludge separated very quickly and the solids settled to the bottom. This finding is supported by previous
studies which showed that the filterability of the sludge improves with hydrolysis.?
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Fig. 4. Sludge before and after treatment.

No clear pattern was noted when the conversion of sludge was plotted as a function of the reaction time for
the different nitric acid levels (Fig. 5). However, in general the conversion was greater when a larger amount
of nitric acid was used. On average, about 55% of the suspended solids were converted in the experiments

for the conditions shown in Fig. 5.
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Fig. 5. Conversion of suspended solidsin the sludge. Theerror bars correspond to

one (1) standard deviation.

The conversion of nitric acid in the reaction (Equation 1) was determined by comparing the amount of nitric



acid added and the amount of nitrate remaining after the reaction. Asis noted in Fig. 6, higher conversion
was noted when less acid was added.
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Fig. 6. Conversion of nitric acid as a function of reaction time and initial amount of
nitric acid added.



The organic acids production was measured as function of time for the different nitric acid levels, When low
levels of nitric acid were added, the formic acid concentration decreased with time (Fig. 7). At the higher
concentrations of nitric acid, formic acid was produced throughout the reaction. The highest concentration
of formic acid (1 g/L) was found after 20 min reaction time when 2.6 mL nitric acid was initially added.

Higher concentration of nitric acid also resulted in higher concentration of acetic acid in the treated sudge.
The highest concentration of acetic acid (2.4 g/L) was recorded after 15-20 min reaction time when 2.6 mL
nitric acid was initially added. This corresponds to twice the amount initially present in the sudge. At the
lowest level of nitric acid used in these experiments, the acetic acid concentration did not change during the
hydrolysis.
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Fig. 7. Formic acid production as a function of reaction time and amount of nitric
acid added. There was no formic acid in the sludge before treatment.



=
o
1

-#- 2.6 mL HNO3
—— 1.3 mL HNO3
——0.65 mL HNO3
8- 0.3 mL HNO3

Acetic Acid Concentration (g/L)
o I
[6)] (6]

o
o

0 5 10 15 20 25
Reaction Time (min)

Fig. 8. Acetic acid production as a function of reaction time and amount of nitric acid
added. The concentration of acetic acid in the untreated sludge was approximately 1.2 g/L.

Propionic was not produced above the initial concentration present in the untreated sludge (Fig. 9). The
butyric acid concentration under various conditions showed some variation, but it is inconclusive whether or
not there was any net production above the initia value (Fig. 10).
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Fig. 9. Propionic acid production as a function of reaction time and amount of nitric

acid added. The concentration of propionic acid in the untreated sludge was approximately
0.5¢glL.
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Fig. 10. Butyric acid production as a function of reaction time and amount of nitric
acid added. The concentration of butyric acid in the untreated sludge was approximately 0.3
glL.

The amount of carbon in the organic acid products could be linked to the amount of nitric acid consumed in
the different experiments. It was shown that approximately 0.015 g/L of carbon-containing acids were
produced for each 1 g/L of nitric acid consumed (Fig. 11). The magjority of the carbon consumed in the
reaction was assumingly converted into carbon-containing gases. The initial ‘concentration’ of carbon in the
reaction mixture was about 16 g/L with the sludge contributing 15 g/L and the organic acids 1 g/L.

6. CONCLUSIONS

Nitro-hydrolysis of sludge proved a very efficient way of reducing sludge volume, producing a treated
solution which contained unreacted solids (probably inorganics such as sand and silt) that settled quickly.
Formic acid was one of the main organic acid products of reaction when larger quantities of nitric acid were
used in the nitrolysis. When less nitric acid was used formic acid was initially produced but was later
consumed in the reactions. The other major organic acid produced was acetic acid which doubled in
concentration during the reaction when larger quantities of nitric acid were used. Propionic acid and butyric
acid were not produced or consumed in these experiments.
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Fig. 11. Yield of carbon in organic acids as a function of the nitric acid consumption.
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