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wastewater, publicly owned treatment works generate approximately 7.7 million dry
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annually or about 64 dry pounds of sludge for every individual in the United States.

The definitions of “sewage sludge” and “sludge” and “biosolids” under Title
40 of the Code of Federal Regulations, Part 257.2, hereby incorporated by reference,

is as follows:

“Sewage sludge means solid, semi-solid, or liquid residue
generated during the treatment of domestic sewage in a treatment
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septage; scum or solid removed in primary, secondary or advanced

wastewater treatment processes; and a material derived from sewage
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still very high, and none of the undesirable compounds listed above are neutralized.
Typical sludges coming out of a gravity clarifier may have a dry solids content of 2%
or less. After anaerobic digestion, the solids content can be about 10%. Cationic
water-soluble polymers have been found useful for causing further separation between
the solids and the water that is chemically and physically bound. Filtration or
centrifugation of cationic polymer treated sludge typically yields a paste-like sludge

cake containing a range of solids, commonly from 18% to 30% solids.
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If pathogens (e.g. Salmonella sp. Bacteria, enteric viruses, and viable helminth
ova) are below detectable levels, the biosolids meet the Class A designation. The Part
503 rule (Title 40 of the Code of Federal Regulations, Part 503, incorporated herein
by reference] lists six alternatives for treating biosolids so they can be classified in
Class A with respect to pathogens. Alternative 1 requires biosolids to be subjected to

one of four time-temperature regimes. Alternative 2 requires that biosolids meet pH,
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Pathogen reduction must take place before or at the same time as vector
attraction reduction, except when the pH adjustment, percent solids vector attraction,
injection, or incorporation options are met. Finally, vector attraction reduction must
be met when biosolids are applied to land. Most commonly, this will be achieved by

drying the biosolids product to a level of greater than 90% solids.
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Prior attempts have been made to reach some of these objectives. U.S. Patent
Nos. 3,942,970, 3,655,395, 3,939,280, 4,304,588, and 4,519,831 describe processes

for converting sewage sludge to fertilizer. In each of these processes a urea-
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Over the past thirty years alkaline stabilization of biosolids has been a
standard and successful method of making biosolids into beneficially useful materials
that can be used principally as soil-conditioning materials. Because these alkaline-
stabilized biosolids products have high calcium carbonate equivalencies, they have
been produced and marketed as AG-lime materials, usually as a replacement for
calcium carbonate in farm soil management strategies. Because of this usage, the

value of these materials has been restricted to only a few dollars per ton of product;
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The methodologies taught by this group of patents (U.S. Patent Nos.
5,984,992; 6,159,263; 6,758,879 and # 7,128,880) are plagued by problems related to

the blockage of these narrow relative to their length reaction “pipe-like” reactor
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novel and practical continuous flow method of manufacturing high nitrogen (greater
than 8% wt. % N) and biosolids-containing fertilizer products under the advantages of

defined temperatures, pressures and reaction retention times.



than 8% wt. % N) and biosolids-containing fertilizer

products under the advantages of defined tenperatures,
wEe@ssunes and reaction retention tinmes. SunmarBCDUS100£054315
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mixing the sludge with a force sufficient to make it pumpable thereby creating a more
homogenous paste-like mix or by adding a liquid, such as blowdown acid-water from
a scrubber system. This mix is further conditioned with the addition of one or more
oxidants, preferably calcium ferrate, to react with odorants present in the sludge such
as reduced sulfur compounds. In an optimal embodiment, this mix is further
conditioned with the addition of specifically phosphoric acid to continue the treatment

of odorants as well as enhance the granulation of the granules as well as the nutrient



as reduced sul fur conpounds. In an optiml enbodi nment,
this mx is further conditioned with the addition of
waep@silbizsml | y phosphoric acid to continue the PCEHESI0081054315
of odorants as well as enhance the granul ation of the
an%les as as the nutrlen val ue of t I ni shed

Yaélm the 'émsheﬁq%rtéb%. Thesnaditon 51§d$eslstﬂi‘f‘é‘rf‘%§8%@oa Rrgssyre

W63 S e o BRSEACI AR e o Be AfloBsn FcRAEe ImBIREEIn a
nltrogen sources are conbined in a reaction zone

ﬂe@@ma@nmmohned mthen &xmdndltlombbhsig@dg@ defigediinf grnzé@r detail later,

ater detail t he reacti zone .l.s an _area of

5 ki 455 enefo AT optt RS B5RDaL aod g 8 Rirogen
Hub deOBRNarSUehbEnatidR dh 8, HiThérTaE theRlddae fEesy tredtddl i@r der
for the sl'udge to be treated i n enbodi ments of this
¢rabastimirts of s ingerstone A ledst enreofdhonrs orrpeLs niregen geyces

AR RES A S R R i ARER L R BlRE IR g pcid ana
1B e Bibkdguentl Itl&s mix id waiaiinddan aetedsrroadisibn &S retention
condition for a retention period. Simlar results are
ptod ned by anot her enbodi nent of the i nvention which
is directed to treathg% a sludge by first conditioning

t he sPigeilje resyligarstobpni hymmer %b@fbnteﬁ*eo f¢he yentiaywhich is

UL e ST L AP O LU i
the stmlige cart mphnﬂ‘aahit ¢ it limited del imaging the QUdgé, pwm{mbleag/ mixing

froma scrubber sy
@wﬁfdsﬁ &ﬁ@dﬂ @r wt%@akwtpﬁ@@a@m y@ aaaﬁguadh%lch as
%q}dbwr&cﬁf wgt@r 95ﬂndaa§3¥ub@91dsy@§: mdoﬁdﬁ%hgd sIEf& may be further

conditioned sludge 1s then a to a pressure vesse
tondithined bpritioxid delitimin, of@n@xuianhm@@@p@mc aoite e qcmdleoned

d nbi

Do B G e e i e A Bt G riGere ccids, one
&t B8 tréEen60ERE il ©né BRRblBhsEPdte LEKBInRl AL rdasioeRne
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The step of conditioning the sludge can include, but
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suhseqenily apghosphodc acdr &hb asmhtlcmed sludge is then in sequence mixed
with a concentrated acid, preferably sulfuric acid prior to being added to a pressure
vessel. In this embodiment, one or more nitrogen sources, and one or more bases are
combined in a reaction zone located within the acidified conditioned sludge. An

exothermic reaction can take place between the acid and the base. Subsequently, this

mix is maintained in a stress condition for a retention period.
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conmbined in a reaction zone |located within the
acidified conditioned sludge. An exotherm c reaction
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eenoplanied oolspidisell. This djﬁpb}@ppyﬁmd mlgratlon 1s much slower than that

observed if the ammonium ions are not attached to organic compounds such as occurs
when traditional inorganic fertilizers, e.g., the salt, ammonium sulfate, are directly

applied to the soil.

Other embodiments and advantages of the invention are set forth in part in the
description, which follows, and in part, may be obvious from this description, or may

be learned from the practice of the invention.

11



applied to the soil. O her enbodi nents and advant ages
of the invention are set forth in part in the
waemsniypse on, which follows, and in part, nmay BPET/US2008/054315
obvious fromthis description, or may be | earned from
he .pr.actige of the invention.Description of the
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. “controls the internal tenperature, atnospheric
lpre¥wore, and retention tinme of the treated m x.
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prior to its entering the granulator. Figure 5

@etrals thelintohaltamperatyfe, aimeospberid priessare, wadh tetention tinkepf the
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Peehatddd th & gugﬁm R cBmPRADE of R dairmEeAtidSusg agafiAfiSinvBonia,
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receives separately but simultaneously the highly ammoniated conditioned biosolids
and a concentrated acid source. The reaction in the pressure vessel is used to control

the internal temperature, atmospheric pressure, and retention time of the treated mix.

Figure 6. Schematic view of an embodiment of the pressure vessel used in the
Ammonium Mix or “AM” and Pellet Beneficiation or “PB” processes. The
hydrolysis or pressure vessel is used to create a mix of organic sludge with
ammonium sulfate and ammonium phosphate using concentrated acid and an
ammonia source, preferably anhydrous ammonia injected separately but

simultaneously with the acid and the sludge. This vessel receives conditioned mix at
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Bﬁbhmgafeaﬂﬂne@‘sact uring a fertl lizer in the manner of

the enbodi nents as in Figure 4 but with the

igasd 81 ut | gBhéatici@R ol BRMID NMESSLIcRING adtdRdizet i@ the
operate the processes in a "continuous batch" manner.
Thanerd thyf e enig 88 ] Bigprs ARt vithihe sestitufies o fhrpepressure

Qgés?lg 1r§ E)xldefe:g) ol})%&?fé{h% @rrtﬁé%% %ﬂga a&‘i’ltl‘hﬁ@.} d%'tcrhg gﬁ?mer The use of

i'C view o

Bﬁ@@f/és&ﬂ@isl suph (HaP&19 vessd ¢elssn e fitied] iome itreadtinghaed gregbedis
i nvention show ng the use of heat-dried biosolids
@@ﬂotm& or granules in the manufacture of granul ar

hi gh nit ro%en or gani cal | y- augnent ed. i nor gani c
i zer Schematic view of thie Pellet Beneficiation (“PB”) process embodiment

of the present invention showing the use of heat-dried biosolids pellets or granules in

the manufacture of granular high nitrogen organically-augmented inorganic fertilizer.

Figure 10. A flow diagram representation of Example 1 illustrating a preferred
embodiment, showing the amounts of solids and water throughout the various steps of
the AM process in an embodiment of the present invention as practiced for a 3 ton per

hour of sludge input (in this example the percent solids of the input sludge or
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Figure 10. A flow diagramrepresentati on of Exanple 1

illustrating a preferred enbodi nent, show ng the
warwantsof solids and water throughout the vaPCDUS2008/054315

steps of the AM process in an enbodi nment of t he
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talewalventege bf the diikaisopir propgandiomaiygesofidswaterahiosolids or

aste r paste-like pu fluid orousl|
REE o s RO ity mReS PR bt P UhERIRE ¥hEPL Gy
hix@d R ck-mik&Barddeoidetiiof Searg@nuf act uring plant (105) is
sized to service the needs of the community (101) in
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standardi ze with standard size I nt er changeabl e

rgfgrabhepiocessing bseresn Sendietonnpritaer of davgiqpehppdges which also
rl%l X eIL F?‘Jtt%a%\ég f egi}gr th glfne rxjfileﬁ .vﬁfh S(?Zﬁl%léﬁ# §1%& 1ﬁ{égchan%eable

cause t i'zer manufacturing pfa
qafuippeane aﬁd becdued theanimm faturidgep] pnt ésemdl], impents e logistics of
usual l'y ve_associ ate ng.adj acept stor

e
qp&&qoptap% e pceatsesbe falier pgeniacring ey pgseveral
r id +)b1¥t§ bf i@h ?&Qﬁﬁﬁvéﬁ‘éh hkbdi§hald RadeiaRE GRS 8djh&nt RAbrage

I zer pr duct of the present invention is
facitities whicbaan kave agloaallomcc@lommhbm evagéhogseafagidities (105),

furt er, i nmroves cS associ at ed

FEsTS Tl RAE o il e e R0 Lo R B bl avipe £ foget

Wﬁl’éﬁéﬁs’e Qfle RO AHERr 8n dlkl'b%h’ 18 glkﬁ@sga%ébcﬁa@éd Wwith Z® fefthkr i@aiktry in
be ship ﬁedsorter tances to fertilizer

rdiatsaewerb @rnb@hmmspf therigvangien grasiice wbighrotieges fertigizgr that can
r ebeFl l'II'%IISr'E c‘ég %%%Rq{zéla(ﬁlst%lguéé%sg %6; gﬂd Eggf‘s & tﬁg gl%FNGI‘S

& Ionput Ic slud
Amp @Mew&m@ﬁg ﬁsmpsmt(oh%kts c¢anthd prddnctois mniladsefdr thatmput

t he manufacturing plant design to ensure comTun .
bieralids an eeeaBic studef Antader sl Oay Sk Yy epanawwéfﬁs‘ mto

{r}Tlg éaﬁx&fétcﬁféﬂ'g%lﬁ QEdi BOto SRERR BHANARY Sctantebf th@Fertilizer

manufacturing plant and to facilitate meeting USEPA standards as well as making the
process more efficient through the capture and incorporation of valuable nitrogen or

other potential fugitive plant nutrients from the process air of the plant.

Embodiments of the present invention are unique compared to traditional

fertilizer manufacturing practices in which a large manufacturing facility is located as
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process nore efficient through the capture and
i ncorporation of valuable nitrogen or other potenti al

WO oBtones0 pl ant nutrients fromthe process ai rpOf/US1968/054315
pl ant. Enbodi nents of the present invention are unique

conpar d to traditional fertilizer man cturin
faF awey §@@ CORMRHITES a5 PosviRe theashyrsawiting ﬁtjt 8 M
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pl ant k. additioadetnbodiment3 rolf ik pfésl&h&noéntidnélapé émeaidvantage that they
i nvention have the advantage that they may be | )
g? iergareiviith hod bYRFOAYS dleronakS At fﬁﬁl%%?r Praduption thatds
Qé's&qyt@& @?ééte& SoRRRAGAI HuEHedthd ith;AE @da@BFﬁiylon or steel
conmer CI usi nesses such as that nyl on or steel
moddazmml dn thesatwdhmdesttien as sddst shows in ﬁ'gulrcsl dios emstooium
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bﬁb&ﬁnﬁﬁmqh@?@ge@ﬁn\;ehﬁorpr esent invention. Enbodinents
of the present invention can treat any organic sludge,

pref epaiby; f% tEEFkdnt HVehQM GaNtealBny S¥&llc 8Rdge, preferably
e al

sl udges sel ect rom-t group conpri sed of nunt ci pa
devpri ed od nbcroeryamdfns( SbOR pis sldd)gns stliected dgotatde group comprised of

L S i ospEDe). AP ot P eRS A gL epppyation
6t OLin AR i ial REUIISRT oBtfer B ABRL éﬁ@'du”&ﬁ dRh afRAISBEEs and/or
These sl udges may be between 12% and 40% sol i ds and

pirisfabmabings pedigesser agomnbmangesy, Huse dydgepinay hakeayeranit2% and

n r r
O SRR B SR B A 0RaP PV Al o
pief&tbll akjui ud thengsductibaodn gesuRndr p&maa&&mm @llass W fetilizer
produce, a val uabl e, hi gh-ni (ir ogen, cormer C

PEEFY qf switabls diyaess. hardness and eheapral agp 1%%@#?@3 Y#uble

le
DR en el R A oI LR P LR ing n the
hatgjmh:hrtmn@erratﬁ)ealtrhzhrkztptacp pgfimst abdiyiohasnepeadt &rtitizean A

gcl) mercgaﬁ h1gh mtrogen fertilizer preferably has greater than eight (8) percent

nitrogen by dry weight of the finished fertilizer and more preferably at least fifteen
(15) percent nitrogen by dry weight of the finished fertilizer. The Class A
characteristic refers to the microbiological quality of the finished fertilizer product,
which meets the United States Environmental Protection Agency Class A

microbiological standards for a product containing municipal biosolids as defined in
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nitrogen by dry weight of the finished fertilizer and

nore preferably at |least fifteen (15) percent nitrogen
whpoodnyi2ei ght of the finished fertilizer. TheP/ES®0#054315

characteristic refers to t he nicroblologlcal qual ity
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?\g) ec@é%lr s tﬁé &8 el i H ©7hL 8n lg%pﬁﬁe Zé)béﬁep HEﬁﬁlent%}‘ thé §Mdge
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vdselts. t Bieadjlistiigethe set@mlbp@enedj andthe lywesstcprdionahthi rosyble to
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resulting mix or fertilizer.

A series of mixers is often employed in embodiments of the present invention.

These mixers may optionally be heated, e.g., single shafted or double shafted pugmill
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results. By adjusting the retention period and the
stress conditions it is possible to vary the |evel of

wo e@ateest and thereby control the properties BEIUS2008/054315
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t bi 9s0l . h Q r . agi ' .
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- r: C m i .
s PERAEN SR 0y gt e o
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transf d.t
cqertionig Heiqs BELHC SaNT CRehRa RIS Siub I P hRnsgTated
4ot 40 SnigBRAfigRAY ar®8infuM8neously added. In this embodiment of the

invention, the nitrogen source comprises a base, such as anhydrous or aqueous
ammonia. A mix of biosolids and ammonium sulfate and ammonium phosphate is
formed. This mix is maintained in a stress condition for a retention period. The stress
condition includes elevated temperature, and elevated pressure. The elevated
temperature is often due to an exothermic reaction of the components, which can

increase the temperature of the mix to 212°F or greater. At such temperatures, steam
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ORI B R A i b6 BlenEBer el RONRTAE Pk sapirguents
Y& liqa8 ahiRANEIsHINBHE R BYconedd 8 FBpdrBeated ammonia vapor by means

of a heater in order to complete the ammoniation process started in the pressure

o

vessel. This heating means may be a direct heater applied to the ammonia delivery
line or may be a heat exchanger installed to recover excess heat from elsewhere in the
process of this invention. This may be, for example, in the dryer discharge air stream
downstream of the baghouses and prior to the acid scrubbers. The ammonia side of

the vaporizer is controlled at 90 to 120 psig, and preferably at 100 psig (ammonia
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y using. waste heat fromt ess fo increase_the
( @ﬁ%&%ﬁtﬂu@s YPMORE @R affﬁarﬁaf{1 st hetr Wi loRdie gireas of high pH are
&&@é&ﬁ%ﬁ@&&y@p@aﬂlw Bnd oaﬂotl gmg{o%mjélﬁﬁlﬁﬁte§ﬂﬁ]s ﬁx%ﬁ‘lléﬁf) ne

dryer energy required; it uces dust creation and
redicee isesquyredmate qsuemél l@n@bolhag theebgertadisqhripeigds stopapvand

USISIH’(F nia.to the reaction zone in the
7%?&;%08’9’%}“ PGBPELS of 1 quid anmoni a can
Cr eat)gexdUsit mth &fuRAE tfea{e@%@i' #fRGhtAneRTxRhsith Bifo gEh@eEor

created in the uncured ran and vapor anmmoni a
rsilptsyi Ade emnvles or pelisty «'arn%ned and mawethrcmlgg ope guinpECscreens to

S\éﬁé&g%t(&?&&%g npa?/%r?a? oalndqgldgllgfzeﬁl a?grl gf?&ﬂ r-gﬁ %@?@

Heat: or co I 'hat’i ons e eo
ThHeevietsized métmdlshezrn Hercﬁ:ﬁ?dhecﬂ irby cgklesn bl atillo Subrreq@anﬂw&b on

into gr anul es or,_ pellets. The ranul s or pell re

Wersred mptssisksad ﬁ%%l Wﬁ@l%ﬁg %%qnél@ﬁécbtc dtoah

sgs&@rra&%r&v faféﬁhae 1?4 Sﬁell@ﬂ%u%ﬁ%‘? &8HoNBE @GE 'f@rhﬁzer
rom proper materi a e overSized materials

mannm)qaeﬁeﬂs&h gdmutesaThe ushiéing propei-kized Selleseanpgatulas,art then
| s.and .t he crushed oversi zed

er.s teri
CH’&H ?l?eéjlzgoaégfﬁ"%%lei?é‘&‘ilﬁif)’?g to the second nixer or

pug gk i do@edftﬁgﬂ Whb@h %a&ﬁ%nzﬂeérirﬁﬂdtéﬁﬁ sy 18 rth@ ﬁ%%%mc@gg
of the fertil |zer mX|ntop | ets or granu es

angrsoiistiergbypyanosized imagnigeing gecyclsradgition umaysocgpiaintthps yessel as

“ozlrﬂ ed, sized, coated, cooled and stored. It is noted
{fdt, when a traditional granul ator is used in the

shapl roces niatio ri zed amo

recyc Eetﬂ“fv aﬁf%’?@‘%&%ﬂs S eﬁmt H%Pe@fgsé}lre V§S§ﬁ£?1?d 08
subsequent vessels as steam and/or water vapor may be condensed and preferably
returned to the waste water treatment plant (WWTP), or may be treated and

discharged into adjacent water resources, or into the atmosphere.

A further embodiment of the invention is directed to treating a sludge by first
conditioning the sludge by mixing it with a force sufficient to make it pumpable. The
sludge can be further conditioned by adding one or more oxidizing agents and/or by

adding one or more acids to reduce the pH of the sludge. The conditioning typically
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Water renoved fromthe mx as steamfromthe pressure
vessel and from subsequent vessels as steam and/ or
wowrienorapor nmay be condensed and preferably rePCT/US®O8/054315
to the waste water treatnent plant (WMP), or may be
g r
obdufien Al o) 56 gogelglegglah%& oBHARTBL NALE! THES RIS
slludg@mtthemradldsd tha pltes@de t/etssetlr éabsquemlysdrudgldtdnyOLfSil)r gitce the

condi ti t with a.
PR PRIErB Tl S b A arett i Riigae Sources are
cbHbinbe Wlt%ﬁﬂ@féabt%i%n@%@%wﬂﬂnﬁﬂfé PhdARhe] Q¥dgH. ZihRGeaction
agents and/or by adding one or nore acids to reduce
Zo1feis ;@Hamra of leptimblaiglicativneof @by it ayi iage. P NHEIZEY BB @nd
o SR P b S50 S00e BR L s or

iPle88SU I Bha/Ra&RIn. zobk bseiuendd Basal oS ihasl dcaf gauskyel ane ehich
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as Pacsp rTélerrpwlegéﬁn%%m vasies dependiiannyas inlorhetiacid,
%agﬁd/&fhl Rl £dwit Aidnk l@%c&s‘?@ddftthé)ﬁ S |’I‘1'1‘39§dct10n

e@ reaction zone is an area of optimal application of
zamyisasdedtialgnipcited & tha byttmm poopant susledge intit raeqsure vessel,
C nation thereof, rder. for. the sl.udge
gD B anpouiinerse Shefen ghtan e P GHE i e prgsres
deRRdNiiB 1Ry TS RASHEIR amt RRcsStchBraddd BytBie ¥esE&nit Rabtion.
whi ch the sl'udge Ts placed.” The Teaction zone size

Thareastionl epesriditrepostion eieth sl ganinest whishacidscses, anfiprotitrogen
nitrogen.s Il .as nthe,,
Bl oRE iRg s A FoncPRetRu bl AR R o

réef&ﬁob @de@ﬁbtﬂ? it thefredckien sbutd owhile tHeh&tlﬁT essifigion of the
vessel , preferabI%?as Iom1as possi bl e, so that the
rWé?P@ﬁ POTBPOIteﬁéS apglitles ingjad exqtherprc (rasiqn Ocﬁ%“é% g 1geRpen gAne, it

xepegég rﬂﬁa@ Yx A8 %a&@o&%ﬁﬁh& B el IhGE %19&1@ ﬁ{eaale%l byt

exothernmic reaction e reaction zofie i's
lmt driecotf thé omeh«& Bbredifeo gentsournkl cimmcesls basbamﬁ&qo aarwtbthﬁrmm

nitro ces are inject

CoRcBAR EoiARS Bles B efp e bier sppyuindy. sk s,
R4 ftdned Ak Xtré!&'s EBAdtsA R)r ra‘%@t%ﬁﬂl&f‘pe%féﬁe Th¥Wirk® cbA@tion can result
initial conbination of the reactive conponents and the

i tiet pastial dydrohesisnand/ar daeatingtion etayysmaerompkeculenincluging proteins

S. e cted that..exothermc r
BORTeA by TRERR SRR BTk HAT Gl TR pon o rptein
tRé pdrtigl 10/Aeo]1Pdis ARY/6r d¥nhiuegien oS ahly f&@Sord ﬁmrhﬁe@tlaalhﬁmounds
and so an exotherm c reaction can take pl ac? bet ween
anfibiogies, dompenesHorpaselik sw&e@a@é’rﬂrwghertbml%gl Ly getive

cggd'p:agxgd (Tal%\e e RhEERR 3&{? R b0 £ gshol%ltcraﬁ théaLe' a%rhutoclave

stress condition can r e parti al
ditedt @ley sxmn(mddémperdmn@mﬂy&msure @dposmrys tivafcdestroysegdt@gization

i ncluding proteins co | udge conponent
a&wr@lﬁ@omasawmﬁpée%?%g Sifin (1Dl o U parasitcs

aﬂ@fté Edds. MdLRL¥haqiRbE caT m@ﬁlﬁ%gﬁ'&a@ gq’}ﬁh @fx, @¥nhcrease in
sonal ar maceut i cal Cor‘r'poun s, anti1 Dl ot [ CS

thmpemme@ andﬁ«mprmsgl:el duedo py @(mheefguc wactgmhdthe components of the
bl O| OI%/I t%r?ilpg%ture Icrdase of the mix due to the stress condition preferably
exceeds 85°C (185°F), more preferably exceeds 100°C (212°F), more preferably
exceeds 121°C (250°F), and most preferably exceeds 126°C (260°F). Any pressure
increase of the mix due to the stress condition preferably exceeds 20 pounds per

square inch (psi), more preferably exceeds 30 psi, and most preferably exceeds 38 psi.
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conmpounds. The stress condition and the retention
period can create an autocl ave effect over extended

wWo egoproRsur e and pressure exposures that destrpgBEUR008/054315
sterilization any microorgani sms present in the
S| ud%nother %mggﬂl%npr?tctkg f v%ntl(yr{ slt}ﬁ:‘rgcct?d Eouﬁgﬂhodsogfr naﬁtgtfe?&uring
and parasite eggs Stress dondition can e
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bR T a i FErti1i e NOHRE chRiAPFdrRRdr Iﬁ)@e@bﬁhpﬂ&ﬁfhte or
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.har SS d n id a
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préducs ahd it Sdrforiniafde i@ftllﬁlﬁ@lﬁtg&fm&plé fate and/ or ammoni um
phosphate and followi ng that via traditional

gr anud @thQRniYol eSS bNGhetidv iSRSl iRcRI AR HleBlods of manufacturing
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pledilizer Qunptistaeagidiipnote W@xpgitat@e dnéd awmgaiien segmend ef be
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R e Mo G S R oyl acia
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a@@mmﬁ@ satt i A ProTHEE Vasse! Under Fano 1r~‘ tepperatig; mggpheric

%’?{)s e\!t‘ft]l'oﬁlﬁ %n*a v@aﬁ&ﬁl@ Salll %te\!lﬁll 48/ R fwatdd€apor; and

I't's performance ertr I zing target crops.
ﬁé\ﬂb«tn’qeoceesrhg slaumyttromzed héx vinvemrdddsionalsmikier, éc tread diponal mixer

ods of act ring.a fertilizer. co
ﬂeer@rl& rnoqﬂﬁﬁa Qltlé’ﬁf‘tcé?fl iSAnerRUEk PR rmORHe ar‘ﬂ%%htea%fone
Ipa'r&@lregﬁ‘l'% fheShtifds miale ﬁﬁc&t@ﬂér@h&@ bg@Nade f@dlizer art and
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kt)llg?nsegjreldqrslortggmg k& leGl‘ in the plant.

Another embodiment of the invention is directed to methods of manufacturing
a fertilizer comprising mixing a thixotropic organic sludge to produce a pumpable
paste-like mix; treating the mix with one or more oxidants and acidifying the

thixotropic paste in a mixer to produce a first conditioned mixture; obtaining a high
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amonium salt in a pressure vessel under controlled
tenperature, atnospheric pressure, mx retention tine
w@easwa2er renoval as steam and/ or wat er vaporPCHOS2008/054315
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GBfiech6Brel ARhg FedmRG AR EhARs Aotk PRkEF in g messure
vfe!i&mvitﬁ e téx’ﬁpérgtufe KRS G35 2B LI ov¥ANIPE Z2°F) under
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%ﬁ%@ﬁ%ﬁ TEMQ¥E &fateé Ffb‘é‘ﬁ dlair atvr@tto Rioduck @ma&@@bﬁhﬁt ¢7gj be
{ I
e R A LA o Bkl <SRRG
ahtl eredtmg at bred protiug dértilivértfiton be third stixtaiect ure to
produce a second m xture in a pressure vessel with a
t enpetaihbr emdveimdBd6F tht Sdfchtiam s direefed t@blethody ef madR&uring

(2120F) under
a fertilizer comprising mixing a thixotropic organic sludge to produce a pumpable

paste-like mix; conditioning the mix with one or more oxidants, preferably calcium
ferrate, in a first pugmill or mixer (pugmill A in Figure 5) to produce a first alkaline
mixture; then discharging this conditioned mix into a second pugmill or mixer

(pugmill B in Figure 5) into which an ammonia source is added. In this embodiment,
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control |l ed atnospheric pressure and m x retention tine
and renovi ng water (as steam and water vapor) from
w@200d/1m2%) bl endi ng i n optional additional PCT/US2008/054315
condi tioners, such as an iron oxide, and at |east one
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a@ggﬁ%b%‘éﬁ?%ﬁ%}a‘r& ﬁ}?{llfg‘é@%ﬁ@@%@tﬁggﬁ%ﬁ%acti on in the
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. t her el .USi ri N A .
Bk Pl 5 b AU R B R AREREL Bk pemit
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AL alR IR LR TG 6Enh hiRRAEHE R hall RS il ino the
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S PR S S S LTS il st
WAl € b B8 anfoudli sRAhREnLM JREPQASwWRH afBApraGE iR JORC
fertilizer conprising m xing a thixotropic organic

@12Adyend prefrdyovera Shtimaerecoptigiie stingepherig pressure and mix
r%%ﬁ&b& {ir%relg rrg:%xotv?n% watdr (A tst%ar%%%d (\)Vraterm/%}?or? ﬁjog)as%fmix; discharging

the fertilizer mix to an additional pugmill or mixer therein completing the formation

of ammonium salts using vaporized ammonia and blending in optional additional
conditioners, such as an iron oxide, and at least one hardener into the fertilizer

mixture to control hardness; continuing to remove water from the third mixture to
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preferably calciumferrate and acidifying the paste in
a first pugmll or mxer (pugmll A) wth phosphoric
wa@eood/10aspr oduce a first mxture; then di scharptTyS100$/654315
conditioned mx into a second pugm || or m xer
phJANGLS bdadily (3t Qi Gfn L YRS CANARNA @Gtk BhlaRbn
gueous anmmoni "oit ho I's second m xer then
pdjcssshﬂgcgestrumlsn mchnolngws tahé cpatssan end/pededt ferlihiger from the
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Invention I s rected to met acturing a
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with the substitution of heatdried biosolids or
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enbodi nents but with the substitution of three

tpo@z},@sn bet doss sel @ndﬁlonrtm in he oppanen deserihedin deabers | n
o SERGAES B GaRIhE Bos D il Bl b & sfimodB HRE

W nhisy W@t@ﬁiﬂaﬁ@v@ﬂﬂe ddved ifvidcekshs. Gﬂiﬁmfpu‘igpab&dﬁhsohds are then
enpl oynent of nultiple vessels allaq

processéd as in the above embodiments. The 0x1dat10n agents and optionally,
additional phosphoric acid for pH control, nutrient addition and suppression of auto-
oxidation may be added in the second mixer or pugmill that follows the pressure
vessel or may be eliminated completely. The remainder of the processing of this

biosolid will be as described for the embodiments described above. Such a method is
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control of tenperature and atnospheric pressure and
retention tine during the reaction phase of the
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amoni ation, renoval of water and granul ation or
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peF@alcnfboddhént bheR PREREERSQHi0R s 'irﬂFf‘gh% AbOMR process in Figure
enbodi ments. The oxidation agents and optionally,
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process |n|t|aIIy described in Figure 2 and descri bes

P B 3 sV pihebisplids hempotrlivert (other M phand dbthe range of
mﬂ)vtsabb %hameﬂ vidHhEL& eél_rh?éf"}i@ 4AE36%, thére cho% his

he incom ng biosolids or organic sludge
dduy:rjomagfoe @ahgn tiguple caeryors ok bgss framgiha gva‘shewaneﬂﬁf%tmnt

for dewat ]
o SRS St AR bar DR TR Cuy Beiny Bae; von
SRR the Bl theaih at e i16W381) i8 ?sté&ﬁ@w@da mﬁlpa#a@ak@r or

as the PB process, biosolids that have been further
S@p@é@g é@mceatlog@mb@e lorgeclerigiolj ecththghmaght ﬂ@@@gﬁ or destroy pumps
ta i ni-n fer zers

of BRI 7 ey %5 TS RSBl oo

s ena Ilh@bfotﬁfnebmffoﬁa@ﬂhmuﬁdﬂﬂohdﬁd sRtdgeantit ﬁl@yes&f(ﬁ befek@‘ﬂy the
owder and then processed further Fi gu
d§1h‘6‘\ﬁéf{ Johds Braydeimlassd ep heldmg ta%@re%abtaadtth?@ t;@mfﬁrraqll to thg

ﬁ%@ll&ﬂ%gﬁg 1k 2% £ Ra30%: %? ids with biosolids between
Y

nore conmon. This dellvery may be either

thr Olllgtlﬂe %90%%41%’3?1{ m%zfg%gre %e%r%) d’klt%/}%%ltﬁlgtlv%%ltng{fal prior to surge

treatnent

stofgdes then tiadyl B ess IpFﬁeﬂabllthsseﬂ o glod Uy Breakiklp @piparatus or
arrival at the plant, the dewatered sludge (301

SHEER LV ¢a138aLIe TEmPYRRLRe ke Togk Ors%th@felﬁﬁgﬁéor&@aau éeCdeO
RIS MRS SRR OBt B o, oty
asd thelg erapdferceicb s strov aorsweygreorgrunipatodherst surking pr condltxomng
apparatus (303). This solids conditioning apparatus is preferably a dual-shafted,
jacketed (for optional heating) pugmill containing blades angled in such a way as to
mix the contents of the pugmill thoroughly as the contents pass through the horizontal
length of the pugmill. The mixing process (308) initially conditions the thixotropic
dewatered biosolids by treating it with sufficient mixing and agitation energy that a

pumpable paste is created. This material is then conditioned further with an oxidizing
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silo or alive bottombin for accunul ati on and storage
until processed. Preferably, the delivered solids may
wheoopheesdd in a hol ding tank or silo and then PCT/US2008/054315
transferred to the first m xing apparatus for
g@m @366) Mhi¢omay be thectdd @6@lthdsroipvaldigh fhess sa%eﬁﬁﬁate
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ent enfirehgl igh BrigFidd agéntls) abild %Bﬁh%ﬁtrat”e@ Bcid ?r@feﬁfﬁl}t Bhdsph&ic
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OF$15S BRI} IoBE L Mcpteragnyt faHehedoy gani-eqidi Rl AU gs, Such as
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Creatlng an aci aseWIt nthen
119p 4l Qn)nditlloyl,ngptppmatsls mﬁbmatmdqbabmm (@a8)e rin bneembbdment

i.r Scru aratus ca nfu

metnraﬁenﬁw lon 1%&?@5?1 ttgﬁwﬁttg e mrsf)?#?és apq RrgRare
thd BB gHIAL @érmnﬁtﬂg?wltt @ortceetrétetmba 8AKSthmlohiaB 8 9P&RUrk vedsel.
is the intent t he present

Said conditioning heat is preferably imparted to the biosolids by means of a heated

mixing apparatus wherein the heat is transferred by a heated shaft, heated paddle
blades or by a heated jacket surrounding the mixing apparatus body. The mix may be

heated to 80F, preferably to 95F and more preferably to 111F. Additionally, some
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invention to mnimze the anount of water added into

t he manuf acturing sequence in order to reduce the
wep@sgy126equi rement s needed for dewatering. M RCHYS2A08/654315

oxi di zing agent(s) and concentrated acid, preferably
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mumncspal iasphds, mpeeraﬂmeb @qmouamn@ma B @ﬁqdetpaf@m the jt

refe f§d that the ast]ief {n etlp : ed
H\ eP" HERBYE PP aé?rfsse “it “uX Begp ’@y( %E%‘ﬁa)s,
wﬂfeﬁfﬂ@daﬁb&us?a'iﬁ}ﬁoﬁl%ﬁp B@l nore preferably exceed 44C (
111F). At a tenperature of 440C ( 111F) the
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ess oth c energy is released when the aqueous
capaviadiyavticn @PmuSMm@u@musbd; Vdrerqrm handenqrgoptiomd 1 are
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Conditioning guarantees a mix with the proper consistency for injection into
the pressure vessel. In the preferred embodiment of the present invention, anhydrous
(99% ammonia) and if necessary as might be required by permit considerations,
aqueous ammonia (305) is blended with concentrated sulfuric acid (309) with or

without concentrated phosphoric acid, in a pressure vessel (313). This reactor has
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bl endi ng el ements nounted on a powerfully driven shaft

or shafts that rotate at a high speed which divide,
worzoos/126k- m x and re-divide the materials to PET/US2008/054315
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second pugm Il in the_panufacturing sequence (314).
of the mix into the second pugmill.

The orientation of the pressure vessel (313) is vertical with steam being
released by controlled valve at the upper end of the vessel thereby permitting the
atmospheric pressure within the vessel to be controlled. Further, this pressure,
greater than 20 psia, and preferably greater than 30 psia, and more preferably greater
than 38 psia, combines with the temperature and pH maintained within the vessel such

that chemical alterations of macromolecules occur within the vessel. Such chemical
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The melt of anmoni um sul f at e/ phosphate is preferably

at a tenperature greater than 1000C (212F) and
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concentratlon in the ﬁmshed fertilizer. Miscellaneous residuals including dust (3395),

non-specification or reclaimed product (336) and dried fertilizer that is too small or
undersized (327) or oversize material (329) that is crushed in a crushing or mill
apparatus (330) or may include other additives, e.g., iron (337) that a customer would
prefer be added to the composition of the finished fertilizer are added to the second

pugmill or mixer (314) positioned downstream from the pressure vessel.
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Drying of the m xture continues in the second m xer or
pugm ||l that follows the pressure vessel (314) and nay
w@emBilens0 i N t he shapi ng apparatus such as t hePCT/US2008/054315

gr anul at or, to be conpleted in a dryer (323), as in a

rota r or I Latd

ot SR ST bR PSS Aot (PR 60
whethl &Y}ﬁtotdggloﬁ{dias ﬂ{e&nik%ﬁ&bntbﬂﬁuteﬁp eled lha@dindsﬁ of/tapdried pellet or
amoni a or nmay be optionally_conpl eted bélnjectlon of

Ziaapler(d ZDdropd 9@&8@§e%@ﬁg@1u Fild)-+ hee Bardener gt brrdeneps are

lin d
oG08 PP BRI AR QB35 B e s, an
aRaPEAt phthyngy athersioz edx oresgd eseBardemni a. The capt ured

ammoni a, as an ammoniumsalt is mxed into the initial

pugMOptioR4llyyd¥sndért emlpeﬁ)yhel BguitAsnBo fithe cietdme afittyonaf plant
the entire systemand maxinizing the final nitrogen
npGisaiEnt3 A} {5 §xaRPlenROtashor SHiea fraisiof ppipgiium, e.g., potassium
e U Sthe(s3R@ hutrients that
h Or%ﬁgi e%?? ?%atapgzidg%@%tzgi; %Ehg%bp olduct e( 336)ugﬁgsdrﬁ gaay
bé addledl dlsoecontitiat ures, sromosival hitrate, moderagimedu 3AFjphate,

overS|ze terial 29 ha in crushin
dgmppripmphosy mnéw% asly 4%&9 i DS ot pEET My
aé&iigbﬁél\ﬁ%% re@m&d ThisARor B8y be bdEfefent YA ERITE UM ifbn
prefer be added to the conposition of the fini shed

chmpoind, keowapemagoRsite (Ft@s@ﬁelSS)é@@ﬁﬂblegn@}w process. rhihgéon
31. Lt d t f
chRtblieR B3 Ep ST e VI bR ﬁtﬂ%&g@’%%ﬁocess,

h d 16) Wwhic .
201 e aterpRe TR En el B hrgal £% B Rebfipugmil o L and
ihiBend aﬁl‘ﬁaﬁ? k:i @? tPEorBpl R WhEfkBaon & tBe adarRdia sdlhvnd to

secon 314). The hardener or hardeners are

cseﬂr@dh@ngqf@nn mear@rt@ dgsilitetephe Swemaen of the pinished grapylgyr

ustrial l.a
rsflor e sp i St Eeci G PR o AN R by MR Shonts
sdrRprRA¢RRA theResup denprRalibf eilEbincatfonhieesoditah hmibxlde calcmm
addi tional plant nutrients, (317) for exa
oFidep eempent kgp ﬁ1§sto}1ms &t gggﬁtugas%c ly asbo@légsa nﬁphash multlstage
d
s L
W4 saew @0IEyoLsat spctcuﬁxt @fes rfom@ch wompownd. phlosixed edditions also

di a [ hos at e d ot ash, Al sao
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conmpound, knowT as nmagnetite (Fe O4), is preferable in
thtrirgeqpion cimgdo effieepugnainl #ont ri but es an i mportant and

val uable plant nutrient to the fertilizer mx Al so,
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@g%nﬁlgfltl%g %}]@4 pggﬁaé{t?egagldgg ?0[ isasgﬁﬁﬂigﬁf é;lﬁ% in tﬁ% fqrm of one or
ORI kol VT dPELIAE niahQiald ShcR A cAlGiuinediidd, batnt MRiroxide,

formati on of the finished granule or :
potassium hydroxide, or other metal oxides or metal hydroxides, anhydrous ammonia,

cement kiln dust, lime kiln dust, fluidized bed ash, Class C fly ash and Class F fly ash

addition to raise the pH of the mix. The fertilizer product of the present invention
preferably has a pH of between 5.0 and 7.0, more preferably between pH 5.5 and pH
6.5 (230), and more preferably between pH 5.7 and pH 6.3.
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pellet. The solids used to adjust the pH may al so be
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Blealipp gamoqepntppultig dn ggpele Spwradioapl y bet ween pH 5. 7

and pH 6. 3. The remai nder of the processing for shapin

( 319) Othsr prefesead) cabodimepraeamprissrad gepinghio(tBoprocesses disclosed

o ¢ ortili p .
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pelteta slethgraoidteiliperodpific &8 deftdralt ipjankssushal toses,

t hr oughput plants considered to_be those o{}él ess t han
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e reaT R epngTeipetions Exgmptes Pf S8 Vardaats ihuds e pidligion of
SQEBm ?@tﬁ(@ilﬁn 02BR)sph@Bs idifkedent 8GR Slolvdkleade RrtilizisYire
fines (327) and fines produced by the crusher or ml|l

e pnyfermed embodipent dfitbiainvsntion. recl ai m material of the
fertilizer product, into the second pugm ||l (314) and
t he ghaamotlat prefereedapusiimentethp@etietly drpingtetinkis prjestethdirectly

bt P g iyl GaE e s At PoRIeCrRRngT S8 r eq

G sl SGBRINEr B RS ot BIVE 23t iea ezl
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suehcats thas¥¥) solibdod eneferably, ara gebaten than 9 & soflide wed more
Io/r%ge%balg lareesgreaueerrt?lgﬁ 99% %ed elave%%lc% 896 &%ﬁy%yecglgrea 3r than 99%4%
solids are then sized (325) through one or more screens (326). The specification size
may be varied dependent upon customer requirements, however, the range of suitable
product for sale is between 0.7mm and 3.2 mm with the commercial range for normal
sized fertilizer is between 2mm and 3mm. The present invention also can
manufacture a minimal sized product suitable for use in golf course applications

which ranges from 0.7 mm to 1.3 mm. The proper sized material is separated and
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cat litters. Adjustnents can al so be made according to

t he geographic area in which the product is to be
wa@ppBitetso t o vary, for exanple, nutrients thatPeEYS1HE8/054315

|nherently or otherwise mssing in the | ocation.
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At times in the above embodiments it may be necessary during normal
operations to periodically shutdown plant equipment for inspection, repair, or
replacement. This is done to different degrees depending on specific situations. In one

embodiment, shutdowns are automatic as in an automated command sequence
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In a modification of the preferred embodiment, two other oxidative materials
may be added at pugmill #1. Liquid hydrogen peroxide at 25 to 50% concentration is
added by control of a pump to between 1% and 5% of the biosolids delivery rate into

pugmill #1 (17). Also, calcium hypochlorite, a solid, may be delivered by screw
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process water is then injected into the pressure
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ammonium sulfate with or without ammonium phosphate with no excess acid is

manufactured in the pressure vessel. No sparging of ammonia will be necessary in

the second mixer or pugmill and or the granulator.

Another embodiment of the present invention is practiced as any of the above
embodiments except that instead of a dewatered organic sludge or biosolids, a drier
sludge, pellets, dry organic pellets or biosolids are received to be processed. Water

may or may not be added to starting materials, which may have between 12-40%

34



I n anot her enbodi nent of the present invention is
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controlled such that a small amount of acid is in excess of the amount of ammonia

also added to the reactor. This will permit the finished ammonium salt mix to have an
exit pH of approximately pH 4 to pH 6.5. The size of the reactor is set such that
sufficient resident time occurs for the reaction between the acids and the added

ammonia to go to completion with minimal discharge of unreacted ammonia. If a
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é@s l%%\lgl\?té) ghteelhe%oﬁﬁos% reac%lon occumné &ulage S%éﬁllhg&glt pressure.

Th1s pressure is of the range of 20 to 45 psia dependent upon the level of exothermic

5

reaction permitted. When anhydrous ammonia is used with concentrated acids the
pressure ranges from 25 psia to 45 psia. When aqueous ammonia at 21% N is used
the atmospheric pressure ranges from 16 psia to 25 psia because of the increased
water present in the reacting mix. In this embodiment external heat may be applied to

the pressure vessel such that temperatures and pressures reach or exceed 260F and 30
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tenperature of the blend wll exceed 1000C (2120F) and
preferably exceed 1260C (26Q0F). The hi gher

wao egoprorasures facilitate the hydrol ysis of prop@l/nsS20a8e54315
peptides in the biosolids in an acid environnent
creating advantageous properties to the fina
1pség. t Wihie e rpyident gimetin &tV -2 essernplétad tm@e@bés:ramm@plum blend in
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ssel. The tinme in the reaction vessel equals the

time that the biosolids took filling and mixing in
|P e/sls { s-{-l;]ne f etrfrci)r:r][h Eli]St terligr g men lrt}?ea}eﬁc’tlonga nselofrﬂlggxlo esg'?)‘fjthe

Pri¢Sdnt iﬂvahuctdwﬂtzestrﬁlem;sre@slufeevdsrele aadh ofeglseh isiapatile be ast
5 mnutes, Durrn%gwhe resident tine in PV-2 the
egfaraineoH! he sees TwcHors B $RGRPPSrales ) $RGUEHS SEghihaiang is

AflinkNeh 6 ‘?e%%Hﬁ atESRS! e r‘ﬂg’g&ﬁ‘gs Qﬁ%@?‘é%a&@ rdtBe TR %a'ﬁﬁfa]g!u%ng
reaction occur ing 1's un ignificant pressure
prsessisrcensiderod a bhieh sprige vath 2gartl do 46 rpaitiansldperdenin the

on the | evel of ex therm c reaction permtted. Wen
HRRa tee S e 1o et Rkt HREGhH b RoPal B s srer ae
pressure ranges from 25 psia to 45 psjia. W gueous
armoni & flloying %Wlmaastrarrethsw&g%eﬁrreferrﬁg§@§P§ments of the

{)1%9&91? ?n\feéf?(gﬁ 18t SRR AR beRidRldRs lﬁﬁﬁﬁﬁ?&e%&oﬁm the invention.
ncreased water present in the reacting mx this
Egg%ghgpnt external heat nay be applied to the
pressure vessel such that tenperatures and pressures

reach exceed 260F and 30ps n n

e iR GSpl Biniwal DutonseRy SeanrabPSREI B pesny
previduelyRic@a ferddeto V2S5 RbredBckivddsdifey B t:§nv’t§16r fdesh adjadead
pressure vessel 3 or PV-3 for the enptying c%cle The

WRpEY Rishiregiaicet nlantag illystrated in Frsufeo4 % ipngramied én Bigareel 0. The
%v%@ Blgs&?cfsta'r@{}ut?&ﬁé) §%§$ﬁoﬂ o 1 @J}B{e}/ h&ﬁce%%lm%e? bi¥8arge

OSO n sunmar

thritsminadhg srkoot merat and then ire@e largnsipiamak (1@4 (D(lﬂ?gallon capacrcy)
process, of the resenh i nventi on ut|I|zeﬁ %
B s §%rrel%er§ep he dgrafzgsmappiackiing Hapaphe i9polids exit the surge

PRL RO, Bl rrsv@hﬂs%rhte%at onIé rrtfaleepuﬁyé theeﬁiagewere@f 6600

In seq ence su ng, one 1S reacting

aouhds per haur éortiteyfirsignugadill ((mubtd@a&ahefmr enditiofifrigsand mixing.

manuf acturing systemis considered a batch systemwth

regar dhisonztﬂm@cnemgtmmnSS $dnap sodmuon averhgees gmnesmlroer of wet
esse nce the need for at least three to

b’é? § aﬁ S willhe readheed ower 2 YRR |ﬂil%WP’P1‘gfa%t%%Plé%t operating
Lt i it A s
basm of g wiehwns obpiesdfdstimit ipanlantr icomating 3.8 dry tons of finished
fertilizer product ( sludge to product ratio of 1.15) at a fertilizer nutrient rating of 15-
2-0-16-1-20 (N-P-K-S-Fe-Organic in wt. % of the finished fertilizer). This fertilizer
competes well on the national and international commodity fertilizer marketplace and

carries a significant value.

This first pugmill is conﬁgured with double shafts with adjustable blade

angles set for aggressive mixing of the thixotropic biosolids into a pumpable paste-
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Exanple 1 In this exanple nunicipal anaerobically
di gested bi osolids that had been previously dewatered
W@ 20082029 r e received directly by conveyor f orP@ruUS2008/054315

adj acent wastewater treatnent plant as illustrated in
gure 4 and. di agr aned i gure 10. The received
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Dfeatmadnit ﬁ@clﬁtol@l&(la&’tﬂ&f thteifEncyy vblnmeradelic biosatids Urleg at lbcut
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Wt PQHd géry lamf@‘gat? AP0 ePuKis f vt Bivsolids. 3. 8 dry
tons of f|n|shed fertilizer product ( sludge to
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adié treattieanadidifingd thertti edohids armadgaﬁ mamidirwatfr&ht, ithpar€ifhg some
narketglace and carries a_significant value. This

fesistape wngqia}ﬂVFéle%ta}%rmélaﬁfétaslwdtaﬁara%%%mdeadéiﬁsm@sma@%nument

afiiustabple bl ade angles set for aggressive mxing of
the thixotropic biosolids into a punpabl e pastelike

oat To° ot b i L X Poho AR Bl Ak, 3R Ppac
bédn rediceth at Bumﬁmlmttlﬁ Ithte;d‘oeﬁss 36O0Mhe dhidatiat tr@itﬂneﬁtl died
throug%]teg j acket surro ndi.ng the pugm || an

HRAG Finb B S anPas 7 bdpn s HRDdryndser g9ur and
Eﬁ@rea 'tﬁ@estilhﬁspét&ﬁ ‘Bh'c? ﬁn@ti( ble@rd T QML r@or%@&ﬁﬂtéd 9P% salfll acid

heating al so occurs from he addi ti on e oxl di zi ng
agmmped mato fthaolowieh thimddithd passofe wssal sinmultanesuslynwith ahhydrous

I f I
BB Ag e Ep oo T rimpBo Fro v o Sua lgpmle is
fidvied Higagea A elolat @xcgﬁaﬁﬁ@ie@éumhfsqfﬂ t&yprgs@ﬁlrealegsel with
Treat ment. Technol ogi es at the rate of 5% by vol une of

tsexoihogoiiagssraoreo! 2deatsout of b unesofhedeysel. This hea

é@c* % tlﬁg]\Ja?{r LRHR dggirto %QQ&&? %{%%1% a%éi tﬁﬁéregéu?e 1% thgvessel rises to

he™o

alone ¢0tpkial Elﬂe phaos phbétiveertitie dcidaind ahe @gmbﬁmlotmealanghﬁﬁmlum
at 54% P) was added to the biosolids in pugml| #1.
mgsit e%sathera@at%ﬁ agwppiprided vasngiibssnt te scoamﬁt%gan

g R B A B DR SRR for sparein
s ospdrided ammaoriigrinto the second pugmill and the granulator later. The
creation of a melt in this vessel increases the fluidity of the mix and facilitates the
homogeneous mixing within the vessel which is helped by the rotary agitation of two
large paddle mechanisms. The fertilizer mix is maintained in the pressure vessel for

15 minutes. The agitation and the fluidity along with the high psia in the head space

of the chamber cause the fertilizer mix to exit the vessel and pass to the second mixer

or pugmill.
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for later value. The output of pugmlIl # 1 is a
condi ti oned, warm blended mx. Its odor had been
wo edaaetsat this point in the process due to tPEI/US2008/054315
oxi dat i on treatnment. The conditioned biosolids mx
exite mll # 1 at just over 8100 pounds our
and e tepperabyrgs, presswes pbph yﬁi@?kfa&ﬁarl%w E}neﬂge gyeasure
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8?&6@?‘1%?%? "i's helped by the rotary agitation of two
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head space of the chanber cause the'fertilizer mx
ﬁltml @xaduct. h!édchesmaélly awat Hebdrytveei giiteposadoria seiutien obr

[l .Th t d .physi cal
G iR e, i Sedis eepb SGR Ui PP Rer g
diadchily dhto RYSmplcHeh Sin@in e ah@tibserRinst Rl #2SPigmAINe also

bi osolids in an acid environnment creating advanta%eous
Eﬁ@ﬁ@d a1 @gouns of panfonite(as Fenorized g@mopia @qml to ahpasd % by

Fgftth §otélr21 drg ke ﬁ{rgda o%%o Pe?e Er{n%g % 15r9 Qf t%g A %ged to
hat

ert| Izers
ﬂiatpﬁ&’sm&‘b,veskseb traditi onal anm)nl um sul fat e or
anmoni um phosphat e or urea fertilizers and al so

saf et yhe ﬁ@%sﬁusa@ Waras8: idugh RS hgcagufﬁm%ﬁt%ﬁemmn time and
bi ol ogi cal active conpounds contained in the

tgiosion visghe PW@YFQ@sﬂﬂub]@ afiet Wending padddestte mix Hre addiiyes with
{i% rf%xj?fEer Hii%ng %"f‘s‘ureat'ﬂ@ r&exft?ot%uéf%u%‘ﬂaééu @%a‘% E{é&é@e a?t%cnve

m X causing |

patilegenin e dtantiiaeis Id e peefbired phdntis-ppmtais/tha gugmill is
material. The fertilizer mx exiting the

ipeulated toubelg ﬁ%tamj hgat inghesonigingshmbo Jhe @ercge,téph&@fr the frsaidzer
?ﬁx wat ﬁ(gntf’(\ﬁ'ég b é@lﬁgg ﬂe@yé’l‘é tthRARAHIDUWREE! IVBRUxample

romthe pressure v
over 54000 pounds of recycle at 0.5% moisture was added to the over 12800 pounds

of fertilizer mix in this second mixer. Because some additional water was removed
from pugmill #2 via steam and water vapor, about 48000 pounds of fertilizer mix at
11% moisture was discharged to the rotary granulator. The granulator was operated

at a ratio of about 4.5 dry recycle to 1 part fertilizer mix.

The granulator contains a continuous bed of dry product to facilitate the

agglomeration of the input fertilizer mix into granules with the preferred shape being
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In pugm || #2 about 40 pounds of dry iron oxide in the
form O Fe3O4 was added fromits silo to the fertilizer
worzoosti@2br i ng the iron (Fe) total to 1% wt. % PCT/UR®08/054315
final product. Additionally, about 460 dry wei ght

ound
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FeRer Ter R pooa s adeCkin ESe0 SRLBERSGmpgor At
&ﬁﬁmr@pmwhpgr@ﬁulemm@r@m g&h@alawas operated at a
ratio of about 4.5 dry recycle to 1 part fertilizer
mx. g oﬁh@a@&%’ aveo ﬁdﬁﬂhébﬁ&y%rﬁﬁ%'f&‘ﬁﬁk'@r WRDaSed @ the
product” to facilitate the aggloneration of the input
feeenisystere wherathe pralugt sinugresuled, tih., 2 Heto Brfar dl@@e@h ajgee

ein herical . .In addit
P HE R T 8n fshieh FoLdPoethiT TP PRI 2 mi
WEANHCAY 0bnede DA t6 i debondapupililat heBmpbndnhef dded cle to
acid. A snmualler amount of steam and water vapor was

méﬁ?@iﬁ;aﬂ@hd? rugnill 42 poepindhe fariliges aix gpigpipg thegranyiator. The
ran . f
L e

ﬂ&yﬁﬁégibt_ké v >3 sééﬁﬁé‘p.hgrﬂlﬂdis g i Hie eydoviheotdredhtanepyr. acitds
scrubbin

in nture scru The tentlo ti f
PREDIG ﬁg@ p%}ds ﬁf dry; mOPfﬁélZgg ?ﬁn fizgrgro %Wéwlsam?gﬁ%fagﬁ
L $
Gl gk PSR . Bl P, 8, 00y pS Qo
fhbeeayclenjdsaover 81 90 pounds ped bouexrf owsmewerngneamlww@m@{ed@ the

P OB R0 U E o G B P U APBI T BRG of s
Weleabintbaupul %ednd Rlentill @@Eec%l)él ﬁgthte(pr&grr&l &bhb()(ﬁ/ment of the

solids. The retention tine in
present invention, the screen mechanism can be set to separate a smaller granule size,

approximately 1 mm in diameter. These smaller granules can be processed similar to
the larger product. These are advantageous because they can demand a higher price

on the fertilizer market.

Coating dry granules is advantageous to prevent dust generation and
degradation of granules. The process air from the dryer, the granulator, the pugmill

#2. the cooler, the oil coating apparatus and the product oversized mill was filtered in
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dryer was about 20 m nutes with just over 5600 pounds

of water being renoved fromthe m x. The rotary action
w@booshe1268 yer continues to facilitate the fornBtT/082008/054315

rounded or spherical granules started in the

granulator Prox mat el y 47940 pounds of dry %ranular
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processed simlar to the larger product. These are
adv anT}aeg@bﬁgmbb@ aug@hméyweraﬁanéWS@ uﬁumetﬂcmng:@t@rfor
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t he S?Ifl(g(gr sa {/dsgugrr? &rﬁemﬁ of% cfe ot\&/lg ?g%régéjd ag?]gﬁerswre
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B dflo o bonot RyreeBitbor FemepRad Bed® @ vkt

é‘g‘ém‘é@slrﬁrﬂgdlatﬁﬂﬁﬁﬁﬂ té bHippiah t}ﬁ: S@(ﬁ”@g eatibRg cRmiulbs SREdRBGEened
for additional "cleaning, including ammonia renoval to

ﬁmﬁneh%mng ancbge@aatc@mtbr@d@mn ot iaeghain gevanposng befpehipeing loaded

{nh ECCHI)? ?r{to frul S, ralf cars, Ibg’upglgg (r)lgl%aded 1%toslc{olﬂ%gger sgcks @S

distribution.
Example 2

In this second example, the same 3.3 tons per hour of wet biosolids were
processed in the AM process as described for the preferred embodiment of the present

invention, however, all the anhydrous ammonia was added in the pressure vessel to

41



sent to a vertical quenching tower to condense the
wat er out of the saturated process air for discharge

wa o008he12sewer to be returned to the wast ewat erPCT/US2008/054315
treatnment plant. Alternatively, this water can be

treated and.di schar.ged to natural receivin ters. .
ARty PG Rang cemneR o ovtisria mBagh Wb ey mix.
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pasyendipenhghical agitaion way sudficientiie Aausiedehizat dertilizer mix to exit
. : | .
BT b {5 Db R Nerad ol SRR gparecd o the
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BRY ‘ileéP%l?ﬂ%l for Exgppled wifya p gualyy fordlizer bsingerdused-t he
odorants and organics fromthe scrubbed process air.
The odBier gbedimpnisfang meesqif desriavepdionaritl besaperepdo thaggskilled
; . ; I : ea
SRR ORELASHGEN e L ATALat sy BRICENEHE [yt
{iSclbsedduereits. AHrrelfdesses dited hereir) énchudngglé paidiwatiadsdU.S. and
ressure required to .crush a single granule) granul ar
PEciER PHisws SULRI G ABPHTAISES- 26 Wechigelbaan cnisely Thcorporated by
- - i r : i i
Rl 32ROl ARGyl LRI s
kimitpyg temnst dnd phrasesGeoheisting ¢szentiatly afildrels ‘cnesiging.” It is intended

escreened for final sizing and recoated wi.th. ust er
(AP SR TontSh anp i bt e D S BER A Db B Soope
At Pidit IfelSinyEidn ifdEsted BRIRES1ISNinkRBGRE. i nto 1 ton
super sacks for distribution. Exanple 2 In this second
exanpl e, the sanme 3.3 tons per hour of wet biosolids
were processed in the AM process as described for the
preferred enbodi nent of the present invention,

however, all the anhydrous ammoni a was added in the
pressure vessel toconplete amoni ation and fornmation
of ammonia sulfate salt in the fertilizer mx.
Al though this fertilizer mx is not as fluid as when a
melt is fornmed, the high head pressure and mechani ca
agitation was sufficient to cause the hot fertilizer
mx to exit fromthe pressure vessel as required. No
addi ti onal ammoni a was sparged into the pugm || #2 or
in the granulator in this Exanple 2. The renai nder of
the exanple is as was described for Exanple 1 with a
simlar quality fertilizer being produced. O her
enbodi ments and uses of the invention will be apparent
to those skilled in the art from consideration of the
speci fication and practice of the invention disclosed
herein. Al references cited herein, including al
publications, U'S. and foreign patents and patent
applications, are specifically and entirely

I ncor porated by
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reference. The term conprising as used throughout this
application includes the nore limting terns and
w@heaserso consi sting essentially of and "consiBCT/NH2008/054315
It is intended that the specification and exanpl es be
consi dered exenplary only with the true scope and
Mt of the invention indicated by the foll ow ng
claims.Clains 1. A nethod for treating a sludge

corprf sneilpd fos trettipse Yrdge(@MPEiingithe HAPSRE t he sl udge,
(b) adding t . I 111.0 sludge to a pressure

vessel , ( c) Cglg%ﬁggg%mreesgggﬁe m xture, (d) maintaining
the m x (bn adsihpesscondnidntd sodgaon aprestenteseh peri od,
wherein step.(a) conprises making the sludge punpable.
2. The r(r%)thééélé‘ga(f??’énﬁgﬁ?ﬂlxmr ein the reactive mxture
conpri sg§) apiphtad@ld @il iPA RS BERIGE RFheHehtidiPeride,
group consisting essentially of amoni um sul f at e,
amoni um phosphat e and conbi nati ons thereof. 3. The
met hod, of . cltai@1 wher ei 0. t h(g rlegct Lve 'ext ure

conpr MRS Fpprisse mekingae SHAEC RUPRADIG T 't om t he
group consisting essentially of amoni um sul f at e,
ammoni um phosphat e and conbi nations thereof. 4. The
metznodhometiodiohclpim ihwherici thh scacleemiNfareroRPLpes a hot salt of a

conpr . > o

and o BSRotl E1aGRRkahT.AGEl) LaRTuiR pRURRAR bR Sulfue
r eact anmmoniu pli®phaiepnd s@sbinittors eipaeat e additi ons of a

sl udge previously treated wth a concentrated acid and

a base. 6. The nmethod of claim1l, wherein the reactive
mO4 UfrGe GRIRGI0TERith NS whERA! Ak SeRAK MiQ0R c%tng@ises ahot melt of a
previ ously anmoni ated conditioned sludge and a
concenthsanedsaeitall fram thgrone torsistiof esdeatiatylof ammeeraim sulfate,
t he concent rahﬁd gci dis s}?l furi ghaci , phosphoric

aci d, “9MOFWHRBIRARF BRC EHBYBBTONSE % et hod of cl ai m

1, wherein the stress condition conprises agitating

the mx and results in partial or conplete hydrolysis,
derfat Whaniedod ofckaim| 1, vheteihthe seacEverbiiXuts eonpriseiethe sgparate
of co t t I : met hod of cl aim 8,

wher elané%p?e%{eg 0?5%%%%%%&% ao’?lga?lﬁgb;gpeﬁdge are selected from

t he group consisting of personal pharnmaceuti cal

conpounds, anti biotics, hornones,. hornopne-like

mol ¢ b e gethadipd clagng), sgeten ﬂ% reactiy g By RIsGHYses the separate
fmacro %’&iﬁ&ﬁg 5 e PSR RLAENRith @REn&AFRA @LiIAAE a base.

t her eo

6. The method of claim 1, wherein the reactive mixture comprises the separate
additions of a previously ammoniated conditioned sludge and a concentrated

acid.

7. The method of claim 4, wherein the concentrated acid is sulfuric acid,

phosphoric acid, or a combination thereof.
8. The method of claim 1, wherein the stress condition comprises agitating the

mix and results in partial or complete hydrolysis, denaturation, sterilization, or

combinations thereof of components of the sludge.
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10. The nmethod of claim1l, wherein the sludge is

sel ected fromthe group consisting of nunicipa
waelewatiensd bi osol i ds, heat-dried biosolids, PCT/US2008/054315

phar maceuti cal fernentation wastes, mcrobial digests

of organic products, food stuffs, food byproducts,

ani mal manures, digested ani mal manures, organic
s| BdgBs weihpd bEddinpB,i wissreihyhefonmonents of) drei sbudge asnstlected

conbi npati.ons thereof.. 11. The thod of claim1l e
wher € P {ESQ PR e SHRe 8%8?1’;%0‘151} gﬁﬁéﬂ}&?eéﬁléal QMpgyads, antibiotics,
cont aotmBPes) BEMRER-11ke Yoc186k1 LOGhe Obio i call ¢ bRt o]
30% sol i ds, between 33% and 99% sol i ds, or between 90%
and 9996replegyles mpludmeeprasitiorndsfondizgtiony theygeér ei n t he
condi tioning step conpri ses addi ng one or nore

oxi di zi ng agents, one or nore acids, or a conbination

t héoebie hethbdef slhint gewheérdin tHhdudgtiboceaéd fbaithe Fidup

wherein the opne or, npre oxidjzing agents are sel ected
f r om @FFdRHO H@P@Pnf#gvaéeggg o8 Msyh%rdesq? {%HOWHJS»

err aﬁlﬁrm§&‘3hb@“fér?r£eﬁ?aﬁ‘3ﬁ v&%@ﬁe@ﬁﬁﬂcs k; dJIl Sl?geﬁt)%/ gg 8{%&&%@@&0’{5,

per oxi de, cal ci um hypochlorite, orite,
pot as®bd ulitgploot bgpriotiegts, ahineal inmemudis odigekted oamAlenanures,
oxygen, and éonbinatiqps.th reqf ,. and mherehg%th%yone
or  moPEAHE P e SOBIPTSE BRYLIHN S i RergFnIsgs gk ombingtigns
or a {erbfnation thereof. 14. The nethod of claim1l,
further conprising the step of adjusting the pH of the
m x. 15. The nmethod of claim 13, wherein the pH of the

m xqi ' 4.5 t

Dugin PRl Sl T, VAR L MG Raidy fr doortd Suee
14, vxdmmilingbb@vqahlfm%‘dnﬂqm%gﬂmg, Besws?l 1804 enchii %(I% m_)lgdne
group, consi sting. of calcium oxide, calcium hydroxide,

sodi ubRTAGRY Hip gad 9%"&85@@%, QRPEYEFD R0 @end S aidhs

ammoni a, cenent kiln dust, linme kiln dust, fluidized

bed ash, Class C fly ash and Cass F fly ash,

mullfi Sheugethbdofi elaink [l ywherhin tht conditietieg sty eatprset adding one or

sl udge, wood ash, %nd conbi nat i.ons thergﬁf" 1é$ TFeth
met hodOBFORYIZEA Ny B 8F RIOLT At P62 FYIBRIIA! WFTERT 1e the
the pgiggsure vessel and the tenperature of the mx

i ncreases due to an exotherm c reaction of the
conponents of the mx, and wherein the steamis

A S

t enpesebdctyderom argageeodbistif@esdentiatiy ©€ eglsium ferrate, sodium ferrate,
potassium ferrate, hydrogen peroxide, calcium hypochlorite, sodium
hypochlorite, potassium hypochlorite, chlorine dioxide, ozone, oxygen, and
combinations thereof, and wherein the one or more acids comprise phosphoric

acid, sulfuric acid, or a combination thereof.

14. The method of claim 1, further comprising the step of adjusting the pH of the

mix.

15. The method of claim 13, wherein the pH of the mix is adjusted to a value from

4.5 to 6.0 by the addition of a pH control agent.
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1000C, 1210C, 126C or 137C and, wherein the pressure

i ncrease of the m x exceeds 20, 30 or 38 pounds per
waeowaner2sihch. 19. The nmethod of claim1l, wherePCT/UR®08/054315

retention period is a mninmumof one mnute, from5 to

301 e ARghoPbr élél%éﬂ-gvﬁe%lg theBED E@rﬁﬁ)l agéﬁt 1sTsféf‘ecf@tfﬂQﬁi the

of claiml1, erein the sludge is nade punpa by

m xi rgottheonsistinig ef val¢ihmavxidss caicmuﬂf}{dm?edﬁ sodiumdn@rqmde

punpabl e o t

el A s e Al R e hani SsBbR R ki dust
f r om fi8igedbERishsSTRELO1y2-h add €13B FTBhsAf maltidiage burner fly
wherein step (a) conprises heating the sludge in a
pugniash, alp, Wzﬁﬁétrﬁ%mﬁ@bﬁlmgecwa@dﬁsgxzand/m@n ioqnp ghereof.
sludge is heated by a heated shaft, heated paddl e

bl ades, a heated jacketed sl eeve surrounding t he

pugmi The methodof claih havh@eintsteareiehrod2ded Withinnthe pressund vessel
claim 22, wherein the sludge is Heated to _800F, 95F or
1110Psighe EMPEFATRE ﬂ@rmleq 13?%8@% u¢ QraoaPthegRspastipg of the
the Séo%ﬂﬁ%% RPN O h B EhPYiEH 1%%5@%@15@ RAbveNs
or nore ening agents to the mx in the m Xer or

pugmi d¢rkgte wideyieg nffedtendimemor. nore plant nutrients are
selected fromthe group consisting of urea, anmoni um
nitrate, ammoni um sul fate, nmonoamoni um phosphate,

di 38TPRd MBIhRH oS BlaRk &7, Wil ainaReRAiperut incése of thguhid exceeds
urea, potash, iron OXIde soluble iron, chelated iron

and cHISCnERIPGnE6fGeF ebFC andawhsreindhe reraire HeTegpe ofghemix

har deglag.ae8h 8 & foilk 66l Sflafurifm Lhe_or oup
conS| I'hg “of errl um "attapul gite clay,
i ndustrial nol asses, Ilgnon ligno sul fonate, urea

for mal dehyde p nerlz r and conbj nati.ons ther eof 6.
Thd mbhhiegthed gPﬁé}%l AW ‘\’rm’élrt ? FRITAIOB PEHRY SeRBHmym; of one

added mfifid, I'fﬁmpg%@%‘frﬁn’m}{@ssgb?ﬁomzlbto-ﬁb%ﬁﬁfeg‘()d of claim
1, further conprising thé step of formng the mix into

granul es or pellets by granulatlon or extrusion, and

SO 00 1 D Rel el R, 28 TS MELRRS. Ofvine e

gr eat ﬁﬁd%é‘k@ﬂh 2Qorveb@hibicREloGRiMe iSRlhible brbyodddaiced lida@n
98 wei ght percent solids, or to greater than 99 wei ght

percent solids.

21. The method of claim 20, wherein the liquid is blowdown acid-water from a

scrubber system.

22. The method of claim 1, wherein step (a) comprises heating the sludge in a

pugmill.

23. The method of claim 22, wherein the sludge is heated by a heated shaft, heated
paddle blades, a heated jacketed sleeve surrounding the pugmill, or a

combination thereof.

24. The method of claim 22, wherein the sludge is heated to 80°F, 95°F or 111°F.
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29. The nethod of claim 27, further conprising the

step of passing the dried granules or pellets through
WO@R@800126mr € Screens to separate oversi zed mat BCT/HER08/054315

and undersi zed materials from proper-sized product.

<t 3 G ERRd PG ek GRS SSCUBA g Tor more

pugm bihmt dudikdUhdtdIR oimbré RirBelh 8 REHNeSt0Qhe RBL 1H8hS mi¥er or
granul ation or extrusion, drying the granules or

pel | epegmiassi ng the dried granul es or pellets through

one or nore, screens to separate oversized materials
and under sTBgEnaS apd & SRR BrEE 2 S Grh Hicow
an@ofigitiHoloPdbl AenioRRINE hitS e Bmeealish 2 thtéai@oh@h®nien
the mx in the second m xer or pugmll.31. The nethod

of phpsahaieadiammaniyie phesphptei wiemamipaivsh Bisragst ligpid 3Hgan gotash,
th Y, i rj i ; r ' s . The
ot TR ST dfleted BorPyr BHaciBhs Metdor. i T
conpri se dwhéreindBe odher metetaddecningcdgantnadOseldetedtfiven the group

conpri.sing the step of cooling.the dried.granul es_or
eI PRHISINEPLTEGARIdRg AFPat UL e flhsr Bf iotsfanelpsey lighon,

ar arpib 881 atd? §ldaGb s Al &nyae 95%%eﬁ@er%@gn@[nahgﬁssth@ﬂag@ F
or I'ess, or 12Q0F or less. 34. The nethod of clai m 33,

wherein the cooling apparatus is a fluidized bed, a
rotati dr.u 35. The, et hod of claim.34 urt her

corr B matpor SR ToRnEEin Vg StsdCadria s 0 Ge gpessure
pel | et;&saM th a dedusting or glazing material to reduce
abrasi on and dust generation, wherein the dedusting
material is applied to the granules or pellets within

th ' S -t . red:
by 3 na PR ERIEh 17 frde o dod i e PRMLALIIRER fnt
36 whipmhuleoot pilies Wt grhmdstionld satrusiperand stbsefuaitlyrdogeg the
at least 12 percent nitrogen, or at |east 14 percent
nitro§@>ﬁ&38. The fertilizer of claim 36 which has

zero or an undetectabl e anount of viable, harnfu

m cr oor gani sns, and which is non-toxic and safe for
harit#. Thgmethwdsdickith@?, pheparthe gopulgp pt pekets wadried®, greater

The fertilizer, of claim.36 which,.contains anmoni u
it r o Batient RSB Dide AT HER T PR e or o
ni t r ogeAted imd Poups gistlRydet @Mds.m grates sl ow y through
the top 8 inches o% soil.

29. The method of claim 27, further comprising the step of passing the dried

granules or pellets through one or more screens to separate oversized materials

and undersized materials from proper-sized product.

30. The method of claim 1, further comprising the steps of
passing the mix through a second mixer or pugmill,
forming the mix into granules or pellets by granulation or extrusion,
drying the granules or pellets,
passing the dried granules or pellets through one or more screens to separate
oversized materials and undersized materials from proper-sized product, and

reintroducing the crushed oversized materials to the mix in the second mixer

or pugmill.
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40. The nethod of claim1 in which the pressure vesse

is replaced by three pressure vessels, each filled
wGaumsasrRsivel y, to permit a continuous bat chpr oP€BEERI908/054315

of the fertilizer m x under defined tenperature and

at nospheric pressure conditions and retention tine.

41. The nmethod of claim 1, further conprising.the step

of 3pakhe methedaf el 80y iBtihgs camprisiag e ster gingrpshing tag oversized
foll -he: sel in the processing
sequgﬁggﬁggf?ggﬁg&%§¥ﬁg “of claim41l, wherein the mx
formed in the pressure vessel is an amonia nelt

cont aj.ni ng.i nconpl e noni ati on Wi th excess acid.

23 D 7HE HERGGT SRine b & FHIDD ST e R PR UG A
wi th anmonia to conplete the anmoni ati on process
formng an ammonium salt in a sparger in the m xer or

pugdi The mathod Thelavme B Gddrtbér conmirisingdhe stpizplgalingthe dried
amonj a 1,S. convier.t. frooma |ligui . S r.heat
S R IF T ehOAR At Syt PBERP Bl or et

spar gge codlad tol o Fet feed 186°Fadraésy) st 20vherlessn t he
conversion to superheated anmoni a vapor is

acconpl i shed by applying a direct heater to an amoni a
deli, v i L

o ReariLmelne oFia SIRBhLIIEURRRR oS RECHEREEY .«
I qui chtaimgueinu@a. 46. The nmet hod of clai m45, wherein

the amoni a vapor is superheated with the tenperature

controlled at 120-2000F, or at 170-;800F, and a
Pr 8SSHREmedBl b blaff 33! fuftBed @mb#RindShstep of coating the dried

granules or pellets with a dedusting or glazing material to reduce abrasion and
dust generation, wherein the dedusting material is applied to the granules or

pellets within the cooling apparatus.
36. A fertilizer manufactured by the method of claim 1.

37. The fertilizer of claim 36 which contains at least 10 wt. percent of nitrogen, at

least 12 percent nitrogen, or at least 14 percent nitrogen.

38. The fertilizer of claim 36 which has zero or an undetectable amount of viable,
harmful microorganisms, and which is non-toxic and safe for handling and

safe for proper crop applications.

39. The fertilizer of claim 36 which contains ammonium nitrogen bound to
compounds in the mix such that the nitrogen dissolves slowly and migrates
slowly through the top 8 inches of soil.

40. The method of claim 1 in which the pressure vessel is replaced by three

pressure vessels, each filled successively, to permit a continuous batch
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41.

42.

43.

44

43.

46.

processing of the fertilizer mix under defined temperature and atmospheric

pressure conditions and retention time.

The method of claim 1, further comprising the step of passing the mix through

a mixer or pugmill that follows the pressure vessel in the processing sequence.

The method of claim 41, wherein the mix formed in the pressure vessel is an

ammonia melt containing incomplete ammoniation with excess acid.

The method of claim 42, wherein the mix is treated with ammonia to
complete the ammoniation process forming an ammonium salt in a sparger in

the mixer or pugmill.

. The method of claim 43, wherein the ammonia is converted from a liquid to

superheated ammonia vapor prior to being introduced into the sparger.

The method of claim 44, wherein the conversion to superheated ammonia
vapor is accomplished by applying a direct heater to an ammonia delivery line
or by applying excess heat recovered by a heat exchanger from elsewhere in

the process to the liquid ammonia.
The method of claim 45, wherein the ammonia vapor is superheated with the

temperature controlled at 120-200°F, or at 170-180°F, and a pressure
controlled at 90 to 120 psig.
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