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@ Process for the biological purification of waste water and process for the recovery of N-compounds.

@ Process for the biological purification of waste water 22
and process for the recovery of N-compounds including the
steps of bringing the pH of the suspension of the surplus
sludge at a value of between 8 and 11 and hydrolyzing it in
the presence of a volatile base at a temperature of between ? ? 4
90 and 300°C, which base (preferably NH,) is removed from |
the hydrolysate formed after termination of the hydrolysis.
N-compounds can be recovered from the hydrolysate,
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which can also be converted to cattle feed. -
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TITLE NVODIFIEL
see front page
PROCESS FOR BIOLOGICAL PURIFICATION OF WASTE WATER

1 Reference72907

The invention relates to a process for biological
purification of waste water, in which an adqueous suspension of the
surplus sludge formed during the purification is hydrolyzed in a
basic medium and at an elevated temperature. i

A process of this kind is known from the Netherlands
Patent Application 6,911,163, According to Fhis Application the
sludge formed is hydrolyzed with the aid of sodium hydroxide or,
possibly, calcium oxide. The resulting solid matter, mainly
consisting of inoréanic salts and waterinsoluble organic substances,
like cell walls which are not, or only partly, hydrolyzed, is
filtered off and éubjectedrfo furthef processing. The hydrolysate,
which consists of an aqueocus sqlution of mainly organic material
and sodium salts, is returned to the purification plant. Although
this process produces a great improvement in the disposal of
sludge from a waste water purification plant, a few disadvantages
are still attached to it.

Sodium hydroxide is here used for hydrolysis of sludge,
as a result of which the hydrolysate contains rather large quanti-
ties of sodium ions. During a possible subsequent processing of the
hydrolysate, which mainly consists of an aqueous solution of
amino acids, oligopeptides and hydrolysis products of carbohydrates
and fats, these sodium ions present problems. The basic amino acids are

commercially impartant components of the hydrolysate, If bﬁe'wants to
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recover these from the hydrolysate by means of selective ion exchange, all
sodium ions present should be removed first, owing to which this
process becomes unattractive economically.

Moreover, at the temperature ané PH applied for the 7
hydrolysis, racemization of the amino acids and pepfides may occur?
This causes a mixture of D- and L-amino acids.to form which,
economically, for instance as cattle feed, is less attractive,. —
There is not much point in adding_such a mixture of D- and L-amino
acids to human food, since D-amino acids have no value"as building.
material, while addition of a considerable amount of D-amino acids
will not be permitted by law. The only possibility in this case is
the return to the waste water purification plant, which results in
increased investment and variable costs. !

However, from an environmental point of view a process
of this kind is not attractive anyway, because all sodium hydroxide
used is discharged into the surface water in the form of sodium
salts. This brings moreover an extra consudptidn pf chemicals because
the hydrolysate, p:iof to being returned to the plant, must first
be neutralized, The pH value and the quantity of liquid are such
that interference with the action of the biologicélly-active
microorganisms may be thé result.

The purpose of the invention is to provide a process in

" which these diéadvantages do not occur,

The process according to the invention is characterized
in that the suspension of the sludge is given a pH value of between
8 and 11 and that hydrolysis is carried out in the presence of a
volatile base at a temperature of between 90 and 300 oC, which base
is expelled from the hydrolysate formed after the hydrolysis has
been terminated. By preference, ammonia or a bound form thereof (e.g.

ammonium carbonate) is applied for volatile base. The ammonia that
has been removed from the hydrolysafe is returned to the hyd;olysis
stage. The hydrolysis is, preferably, carried out at a temperature
of between 90 an 200 °C.

A process of this kind brings great advantages over known

processes. Since, at the pH value applied, practically no racemization
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of amino acids occurs, a hydrolysate is obtained which mainly
contains the amino acids and oligopeptides occurring in zature.

It is surprising that it is possible to hydrolyze
microorganisms with;the aid of a weak base like ammonia. Normally,
such hydrolysis is carried out with sodium hydroxide,; for the very
reason that the high pHB~values (13 and higher) necessary for hydro-
lysis of the organic substances present can be reached therewith,.
According to the invention, however, alkaline hydrolysis ¢Zf
biologically activated sludge is possible already at a pH value of 8§,

The process according to the invention has the great
advantage that it entails practically no extra costs for chemicals.
The volatile base used, like ammonia, is récovered by stripping the
liquid, e.g. with air or with the aid of steam, and can be reused.
Without much trouble the residual content of ammonia can be reduced
to 10 ﬁpm after the stripping. If sodium hydroxide or calcium oxide

is used, new chemicals must continually be supplied, which places

. a heavy financizl burden on the waste water purification. Moreover,

it may be'necessary firstAﬁb neutralize the hydrolysate before it
can be used further. It is preferred that, after the solid matter
and the volatile base have been separated off, the hydrolysate be
further processed to -economically attractive products. Hg;e, one
may think of recovery of one or.more of the amino acids present,

for instance with the aid of selective ion exchange or crystalli-

"zZation. In addition, it is possible to recover arcmatic nitrogen

bases. Particularly those bases are important that are based on
pyrimidines and/or purines. These origihate in, among others, the
genetic material of the microorganisms in the sludge. Another
application of the hydrolysate may be the processing into cattle
feed, while, in certain cases, it may be the best solution to use
the hydrolysate as carbon source in the denitrification step of an
industrial waste water purification plant, possibly after one or
more nitrogen compounds have been separated off., In addition, the
hydrolyséte.may also be mixed with the raw waste water and be passed

through the entire plant, during which, contrary to tine known i.+v .
. -
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no disturbance of the pH equilibrium in the plant occurs. Returning
of the hydrolysate to the waste water purification plant, however,
is only possible if one has a waste water purification in which also

nitrogen compounds are removed, because otherwise an unacceptable

———

amount of nitrate will be discharged into the surface wgfer.

The process according to the invention can bevfeélized
at the usual pressures for handling aqueous NH3 solutioﬂsl By
preference, the pressure lies between 1 and 50 ats abs. The concen-
tration of ammoniza and/or ammonium carbonate amounts preferably to
2 to 14 N, It is possible to carry out the hydrolysis unqér such
conditions that complete or partial de-amination 6f the amino acids
present occurs. In the case of a return of the hydrolysate to the
waste water purification plant this brings the advantage that a
substantially smaller nitrogen load occurs. For deamination to be
achieved it is necessary to work gt higher temperatures and NH3
concentrations, for instance a temperature above 1350 oC and a
concentration of between 4 and 14 N’NHS. If it should not be the
intention to deahinate,bit is to be preferréd to work at temperatures
of between 90.and 180 oC and at an NI—I:3 concentration of between 2
and 6 N NH3.

The sludge suspension to be hydrolyzed contains, depending
on the type of plant of origin, varying contents of sludge (dry
matter). This may vary between less than 1 %4 by weight and more
than 35 % by weight. "

A possible embodiment of the procéss according to the

invention is described with the aid of the drawing, but is not

limited thereto,

Figure 1 of the drawing shows a possible embodiment of the process

according to the invention, and Figure 2 shows another embodiment
thereof. )
Figure 1 shows a diagram for a process for purification

of waste water according to the invention. Waste water here enters

via line 1 bioclogical purification plant 2, here indicated as a block.
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Depending on the kind of waste water, the design of this plant wil:
be more, or 1less, complicated. The purified waste water, which
contains suspended biologically activated sludge, is led through

line 3 to section 4, where the sludge settles and thickens. Via line
5 purified water is discharged into surface water or feor further
treatment, for instance with chlorine. Via line 6 a sludge suspension
?grom section 4 is recycled to the biological purification plant.

Via line 7 a concentrated sludge suspension is passed to heat .
exchanger 8. Via line 9 the heated suspension is led into hyd:ol&éis

column 10. Via line 11 a gas mixture of NH, and steam originating

in heater 12 is supplied. .
In heater 12 thg mixture of NHS.and steam is heated with

the aid of steam c¢oil 13, The hydrolyzed sludge suspension leaves

hydrolysis column 10 via line 14, In filtration equipment 15, which

may, for instance, consist of filters, sieve bends or centrifuges,

this suspension is split up into a hydrolysate and solid matter.

The solid matter is.discharged via line 16, Through line 17 the

hydrolysate proceeds to deéorption column 18,

In this column the NH3 is desorbed with the aid of steam which is

introduced, via line 19, into desorption column 18 directly.

The desorbed NHB’ together with a quantity of steam, is ;ecycled

to heater 12 via line 20, Via line 21 the hydrolysate leaves desorp-

tion column 18, After heat exchange with the suspension from settling

basin 4 in heat exchanger 8 the hydrolysate is discharged via line 22.

Figﬁre 2, in which the various reference numbers have the same

meaning as in Figure 1, shows another embodiment of the process

according to the invention,

Waste water here enters biological purification plant 2 via line 1.

The purified waste water, which contains suspended activated sludge,

is led through line 3 to section 4, where the sludge settles and

thickens, Via line 5 purified water is discharged. Via line 6 part

of the sludge suspensibn from section 4 is recycled to the purifica-

tion plént.

Via line 7 a concentrated sludge suspension is led to static mi.
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in which this suspension is mixed with hydrolyzed sludge that is
supplied through line 24. The mixture is passed to heat exchanger 8
via line 25. The heated suspension is led into hydrolysis column 10
via line 9. Via line 26 a steam/NH, mixture is led into hydrolysis
column 10, Via .line 9 the treated sludge suspension is discharged.,
Part of this_suspension is mixed with the sludge suspension from
section 4, another part is supplied to desorption colummn‘1l8 via -
line 27. Via line 19 the steam required for the desorption and the
hydrolysis is supplied.
Via 1line 21 the hydrolyzeq sludge suspension is discharged. After
heat exchange in heat exchanger 8 the suspension is led into
filtration equipment 13 via line 28 and separated inté ‘solid matter,
which is discharged via 16, and liquid, which is discharged
via 29.

The invention will now be elucidated with the aid of

a few examples, but is not limited thereto.

Example 1

Waste water from a chemical complex is supplied to a
plant as described in Figure 1. During the purification of the
waste water 32.0 tons/h of sludge suspension is produced, which is
discharged from section 4.via line 6. The sludge suspension
contains 20 % of sludge (dry matter), approximately 75 % of which
is inorganic material and approximately 25 % organic material.

The organic material mainly consists of microorganisms and these
principally contain amino acids, carbohydrates and fats in a ratio
of 5§ : 4 : 1. This suspension is hydrolyzed in hydrolysis column 10

with the aid of 2 tons/h of NH3 and steam at a temperature of

130 oC and a pressure of 6 ats g. The hydrolyzed sludge is separated,
in 15, into 2.4 tons/h of solid maptei and 35.6 tons/h of hydrolysate,
which contains 0.8 toh{h of organic material and 32.8 tons/h of
water. The solid matter contains 90 % of the heavyrmetais which were
present in the sludge suspension. The hydrolysate is treated in

desorption column 18 with steam of 15 ats g., all NH3 escaping and
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test medium reaction reaction COD mg/g
in time temperature solid. matter
(hours) (°c)

1 4n NH, ‘3/2 130 320

2 4n NH3 : 3/2 150 310

3 4n NH3 3/27\ 180 280

4 2 moles/1 (NH,),CO, 3/2° 130 300

5 H20 3/2 100 38

6 Ba(OH)z 36 100 120

7 Ca0 48 100 54

8 H20 3/2 150 120

) Standard (HCl hyrolysis) - - 310

.threonine

“total amino acids

This table shows clearly that is is very well possible to practically

3 or (NH4)2COS.

It can -also be seen that at less mild reaction conditions the COD

completely hydrolyze the sludge with NH

content becomes lower, which points to deamination,

Example 4

For the hydrolysate obtained in test 1 of example 3 it
has been ﬁetermined which amino acids were present. The quantities
are given in milligrams.

aspariginic acid 1

serine

glutaminic acid 1
glycine

alanine

valine

leucine

tyrosine

phenylalanine

isoleucine
lysine
histidine
arginine

5.2

DO ST OO WKW

H K OMWANOIIOGEONOWWO

73.2 mg
At a sludge production of 32,0 tons/h as in example 1, this results

in an amino acid quantity of approximately 24 kg/h.
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being recycled via line 20. Ultimately, 39.0 tons/h of hydrolysate,

0.8 ton of which is organic wmaterisl iJe cizanargesd via line 23,

Example 2 7

Waéte water from a chemiczt complex is supplied to a
plant as described in Figure 2. Durirg the purification of the
waste water 275 izZns/day of sludge suspensicn is preduced, which
is discharged from section 4 via line 6. The sludge saspension
contains 20 % of sliudge (dry matter), appriximately 75 % of wnhich
is inorganic material and apprcximately 25 % organic materizl.
The organic material mainly consists of microcrganisms and these
principally conitzsin amino gcids, carbohydrates and fats in a ratio
of 5 : 4 : 1, This suspension is hyirolyzed in hydrolysisicoiumn 10
with the aid of 58.8 tons/¢ay of NHS/steam mixture at a temperature
of 130 0C an:’ & pressure of 10 ats abs. The hydroliysate is treated'

in desorption cclumm 18 with steam of 10 zts abs, all NH_ and part

of the steam =2gcaping and being recyvcled via lins 20. Thz hydrclyzed
sludge is separzted in 15 iﬁto 37.5 tons/n of scliids matter and
296.,7 tons/day of hyvdrolysate, which coatasins 17.5 tons/day of
organié material and 279.2 tons/day of water. ‘

The solid mater contains 90 % of the heavy metals that were present

in the siudge suspension.

Example 3

A number of tests have been'carried out ocn a laboratory
scale in which aqueous sludge suspensioﬁs from a biological purifi-
cation plant have been hydrolyzed in & basic medium, 100 ml of a
10 % siudge suspension in water has been hydrolyzed in a basic
medium for a certain time at a variable temperature. The results are
rendered in the table.

The chemical oxygen demand (COD) is given in the last column. This is

a measure of the hydrolysis of the biologically active sludge.

-
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CLAIMS -

Process for biological purification of waste water, in which

a suspension of the surplus sludge formed during the purification
is hydrolyzed in a basic medium and at an elevated temperature,
this process being characterized in that the suspension is
brought at a pi of between 8 and 11 and that hyvdrolysis is
carried out in the presence of a volatile base 2t a temperature
of between 90 and 300 OC, which base, after the hvdrolysis has
been terminated, is expeiled from the hydrolysate formed.

Process according to Claim 1, characterized in that hydrolysis

is carried out at a temperature of between 50 and 200 OC‘

Process according to Claim 1 or 2, characterized in that ammonia
is used for volatile base.

Process according to Claim 1 or 2, characterized in that ammonium

carbonate is used for volatile base.

Process according to any of the Claims 1-4, characi2srized irn that

the volatile base which has been expélled from the 1liquid is
returned to the hydrolysis.

Process according to any of the Claims 1-5, characterized in that
one or more N-compounds are recovered from the hydrolysate
formed.

Process according to any of the Claims 1-8, characterized in that
the hydrolysate forﬁed is fully or partl praceszsed to cattle
feed.a

Process according to any of the Clazims 1-¢, . harzctirizeu ;jn

BAD ORIGINAL
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that the hydrolysate formed, is returned aftcr the solid matter
has been separated off, to the biological purification.

9. Process according to any of the Claims 1-7, characterized in that
the volatile base is stripped from the hydrolysate with an inert
gas or gas mixture,. !

Hi Process according to any of the Claims 1, 3-7, characterized in
that the process is carried out under conditions a%ﬁyhich

deamination occurs, -

1. Process according to Claim 10, characterized in thai hydrolysis
is carried out normally at a temperature of between 150 and
300 °C and an NH, concentration of between 4 and 14.

12, N=compounds prepared with application of the process accqrding

to Claim 6.
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