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-1- CONVERTI. NG PAPER M LL "'SLUDGE OR THE LI KE,, :
Background %’Pgﬂ%osl“nvent ion _ This invention rel at EECVHS%SH@"”
conversi on of wastes, and nore particularly to the conversion of

sl udges havi ng a high organic contenil-and a significant proportion
of ash, such as paper mll sludge. 5 - Pul p and paper
conpani es produce ‘| arge gquanti:ties of processed waste known as

sl udges. Typically, thm PAPER MMy SHIRGE PR ;EHLE LERE Dy

| andfilling. G ow ng shortage of ' | andfill space and nore
restrictive envi ronment al - regul ations have nmade that nethod of

O oLl Y oets or onrHabiEolli bE0kRe grvencion, ("5, 31000° (10
does the sludge fromnsg jnvehefdar delaRel RPCERSCEonve §F._Bg9%f f 20t eLhe
recycling process contains a significant anount . F I ber and papef
and more particularly to the conversion of sludges having
.a high oiganic contéﬁt and:a significant propbftion of ash,
such as paper mill sludge. -
5 Pulp and paper céﬁpanies produce iarge quantities of
| processed'ﬁaste knéwh“as_slﬁdges. Typicallj, these sludges
have been diéposed of by landfilling. Growing shortage of
\ landfill space .and ‘more restrictive .envifonmental
reéﬁlations hévé:made that method of diéposal more costly
10 and less desirable. |
_The sludge from a recycled paper proéess provides a
:.grea.ter problem of d_isp9sal thah does thé sludge from
standard papér processés. | Sludge from the recycling
process contaiﬂs a significant amount of fibér and paper
15 coatings. The amount of sludge generated from the paper
recycling process is more than the amount of sludge
- generated from virgin pulp. 'The advent of widespread paper
recycling has resulted in an increase in theltotal quanﬁity
-of’sludgé. _
20 ’ . As an alternative to landfilling, paper mill sludge
- has been bﬁrned using fluidized bed boiler technology.
Burning the sludge recovers its heat content, vaporizes the

moisture content, and reduces the waste volume. However,

‘because of the large ash content in paper mill sludge,



15 coatings. The anmpunt of sludge generated fromthe paper

recycl i ngwuo swig@es4 | S nore than the.anount of - sl.udge 0PEE 8437 OM
virgin pulp. The advent of w despread paper _ recycling has resulted
in an increase in the total quantity of sludge. 20 As an
alternative to landfilling, paper mll slﬁﬁbe has been burned using

Lt dized ool L ASMOLGRns g, coRYURRIARIAC FRUINC RESBNEES gt

heat content, .noi STUre cont e he™wast e

vol ume. HoweyRlnyt cas didE6EUTCSAEN BS R G rREdY CONMENt I n paper mil|

sl udge,

PCT/ US95/ 10437 C%Flone furnaces have been used2for many!RRagsStfdt
remai ns a consi derabl e wast e product that requi res disposal such as

by landfilliMirning coal to QEEPBHILISREES AHasiaheetetEEtiE 05 f NEFYL AN S
for burning coal to power boilers. A characteristic of cyclone 5

furnaces is tfhainddwy gsnahaite theyagenbirabehas slafavhych has a glassy
consi stency. The slag fromcoal -fired cyclone boilers is used as a
const ruct i on aasksteney. r oThe sHR@nfrPmagped-fired cyclone boilers is

used as a construction material in roads, as an abrasive or

_grit, and in roofing products.
Although cyclone furnaces were developed to burn coal
10 grades that were not well-suited for pulverized coal
combustion, they have also been used to burn solid waste
fuels as a supplemental.fuel, or t6 burn fuel ocils or gases
as the primary, contingency, or start-up fuel. When waste
fuels are used with coal, such supplemental fuel typically
15 has a relatively low ash content and provides less than 20
percent of the heat input and a smaller percentage of the

pounds per hour of fuel fed to the cyclone furnace.

Summary of the Invention

20 In accordance with the invention, paper mill sludge or
other similar organic sludges with a high ash content is
converted by burning the sludge ip a cyclone furnace along
with another source of fuel to recover the heat content of
‘the sludge and to convert the ash content of the sludge to

25 a desirable slag product. Preferably, the second source of
fuel is natural gas and the sludge contributes up to 40
perceht or more of the heat input to the cyclone furnace
and may contribute the majority of pounds of fuel per hour.

Drying of the sludge before burning may be necessafy for



grit, and in roofing products. Al t hough cycl one furnaces were
devel oped oal 10 grades that were not well-suit for

spul veri zed%o%‘hﬂs“c conbustion, they have al so been usedi>§gm§a§“rp4§7ol i d
wast e : fuels as a supplenental fuel, or to burn fuel oils or gases
as the primary, contingency, or start-up ¥3el. \WWen waste fuels are
used with coal, such supplenental fuel typically 15 has a relatively -
| ow ash cont ehandadngr.ovPawingess ghawisture contenty @hi2Qk aheermthasiput
and a snmal | er percentage of the pounds per hqur of fuel fed to the
cycl one furnapgoven to be acceptable for &pfxpARcHiomcintRept iGHFlome

In accordance with the invE tion, paper m.l !l sludge or ot her

similar organfBXBAGEges A tHI%r nPYRRa8R one, may be addeg: tqy the
b [ th | ud [ I f I Wt h
SA 09 L he, ShYiBEel Re” RHE LA R EoBhaRe of 1 ana ikl AR SEl e
t he ash conte%E ggetggéydgﬁﬂé1ﬁ;m§§§aturgfpesirable_slag.product.

, . 0

Prefera%ly € Ssecond.sourc Tuel is natural gas and the sludge

contributes up to $@per mill BILARA! ¢ 18N8 hald'@ M8Yyh d¥Nteditdde of
cycl one furnace and may contribute the majority of pounds of fuel
per hour. betwebhYR0Ja0H bie peledat bef @r arglbaisis Myrhke SIRERFS A sd Of
has a significgnt organic cgmposition such that the heating
values of the slﬁdge are typically béﬁween 4,000 btu/lb.
10 and 7,500 btu/lb. on aldry basis. .Althoﬁgh paper mill
sludges are a preferfed source for the fuel, other sludges
having similar ash and heat_value contenté wouid be usable,
such as sev}age .slu.dg:.e or oﬁher industrial v&aste water
sludges. | . |
15 - The heat value of the sludge is recovered by a boiler
or other heat exchanger conhec;ed to the furnace. The high
ash content of the sludge will be entrapbed in the slag
which, when cooled, will have a strong, hard, durable
glassy consistency making.it easily handled for use as a
20 construction material, aﬁ abrasive, for roofing products,
| or for other uSeful'purposes. "Any heavy metals or other
hazardous or undesirable - components of the ash will be
entrained within the glassy slag.
It is a principal object of the invention to provide
25 a method of converting‘paper mill sludge and the_like in an
economical and environmentally safe manner.
It is another object of,the invention tb provide a

method of recovering the heat value of paper mill sludge
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- 3- g Drying to a noisture content of 20% o s has
proven to“gg acceptable for introduction into a cyclone £CLS§EPH§EQ_ A
flux, such as limestone, may be added to the sl udge to ensure the
devel opnent of a desirable glassy slag =% at the operating

t enper at ur es. . Paper ml| sludge typically has a high ash
content of and thgelike wbblg generatine %rBF%%.fm%gté?%@gfé‘ al so

has a significant or I.c _conposition such that the heating val ues
of the sl udg_é’°8f’:§“tty%%2§§'1ey 553’1453@@ 4,000 btu/lb. 10 and 7,500 btu/lb.
source Jor the fudhe JBHEscEARand otner onjecte dRE AvRrdiex Bd The
val ue conteriavERdidn’e 4I3h! © appear BTN AR SCHRAIGISS Bedliy

i ndustri al

wast e wat er

alue 0O
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gh
accompanying drawing which illustrates a preferred -

embodiment of the invention.

Brief Description of the Drawin

Fig. 1 is a longitudinal"cross-sectidh schematic
drawing of'é cyclone furnace for use in the method of the
present invention; and

Fig. 2 is a transverse cross-section of.fhe cyclone

furnace taken in the plane of the line 2-2 in Fig. 1.

Detailed Description of the Préferred Embodiments

Paper mill sludge can vary widely in its makeup.
However, it generally has the characteristics of a high
volatile component, including a significant percentaée of
carbon, and a high ash content. It also has a relatively
high heating value. The proximate, ultimate, and mineral
analyses for three typical paper mill sludges from paper

recycling processes are shown in the following tables:
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-4- s and the like while ge%@?%é#ﬁﬁ”% usabl e product from PheEREEE

content of the 'sludge.

The foregoing and ot her objects and

advant ages of Akb - invention48n@4 dgdyon in the foll 24468
detail ed 5 VQQS%Eﬁ.'ept ion. In thejodez%crl ptﬁﬁ}oéé’ﬂ erence i s nade t96t he
Fixed Carbon 1.10 Nltrogen 0.63
10 100.00 Sulfur 0.06
' Ash 48.64
Btu/lb. 4123 Oxygen (diff) 22.23
100.00
Sulfur 0.06 '
15 MAF Btu 8028
Mineral Analysis Ignited Basis, % Weight
Silica, SiO, 39.86
20 Alumina, Al,Os 34.21
Titania, TiO, 7.20
Iron oxide, Fe,0, 0.85
Calcium oxide, CaO 13.30
25 Magnesium oxide, MgO 1.20°
Potassium oxide, K,0 0.23
Sodium oxide, Na,0 0.12
Sulfur trioxide, SO, 0.69
30 Phosphorus pentoxide, P,0s 0.49
Strontium oxide, SrO 0.02
" Barium oxide, BaO 0.05
Manganese oxide, Mn,0, 0.07
Undetermined _1.71
35 ' '
o -100.00
Method: ASTM Designation D 3682-87 '



‘acconpanying drawing which illustrates a preferred enbodi nment

of the i { 654 Brief Description ofP 99'151 Lng 10
Fig. 1 is a longitudinal cross-section schenmatic Faw ng of a
cyclone furnace for use in the nmethod of the present invention; and
Fig. 2 is a transverse cross-section of <tbre cycl one furnace taken
in the plane of the line 2-2 in Fig. 1. 15 Det ai | ed Description
of the Preferred Enbodi nents _ - : oM, L ,.sludge can vary widely
in its makeup. Fbmever,P9¥Eﬁeﬁ£PﬁI$@8ﬁé§ tk% characteristics of a
hi gh vol atil e conmponent, including a significant percentage of 20
carbpqa and grgiggagghAﬁgﬂiggg.'%!t al so hgitgﬁéﬁéakh¥§h¥is g high
heati ng val ue~ » I mat e, and 11 yses for
three typical paper mll sludgespit,0npgager recycling pppgessgs are
shown in the foll.owm ng tables: 96/ 07054
PCT/ US95/ 10437
Ash 20.21 Carbon 47.27
10 Volatile 56.74  Hydrogen 4.40
Fixed Carbon 25.05 Nitrogen ' 1.33
100.00 Sulfur 1.00
~ Ash 20.21 :
| Btu/lb. 7734 Okygen (diff) 25.79 ‘
15 _ _ 100.00
Sulfur 1.00
MAF Btu 9693
20 o , _ _
Mineral Analysis _ Ignited Basis, % Weight
Silica, SiO, . 38.85
Alumina, Al,0; _ - 16.92
25 Titania, TiO, ' 1.40
Iron oxide, Fe,0, : - 5.07
Calcium oxide, CaO _ - 14.94
Magnesium oxide, MgO 4.88
30 Potassium oxide, K,0 - - 2.01
Sodium oxide, Na,0 1.27
Sulfur trioxide, SO0, .. 8.23
Phosphorus pentoxide, P,0s 3.24
35 Strontium oxide, SrO 0.04
Barium oxide, BaO 0.33
Manganese oxide, Mn;0, 0.39
Undetermined ' ) - —2.43
40 . 100.60

Method: ASTM Designation D 3682-87

45



'PAPER M LL SLUDGE "R' Proxi mate Anal ysi's, % Utimte

Anal ysi's, @ Dry Basis : .
Dry Basis @0 9§l07054ASh _ _ 48 64 Car bon PCT/US95/10437
24. 68 Vol atil e 50. 26 Hydr ogen 3.76
Fi xed Carbon 1.10 Nitrogen =7- 0.63 10
100.00 = Sul fur 0. 06 B
Ash 48. 64 Bt u/l b. 4123 Oxygen
(diff) ' 22.23 PAPER MILL SLUDGE "JR"
100. 00 Sul fur . 0.06 15 MAF Btu
8028 M ner al | ysSi s ited Basi s @6Vé|ght
Silica, BiQ ermﬁ'@&'— | 39. 86’—%&—_&&@%% A1203
34.21 Titania, Ti Q2 7.20
Iron oxide, Fe[err](err] M‘é.§85, Cal ci um%mcao
13.30 25 Magnesi um oxi de, MO 1.20
Pot assi um oxi deasi[ err] O . - 45.980. 23Carbon - Sodi um oxiafe,29Na20
0.12 trioxide, SC:ker 0.69 30
. Hyd . .
Phospholrous pent oXT de{ijéz qﬁ rds0. 49 ¥ r,ogen Stronti um oxi de,
Sro Fixed Carhoﬂz —1.4Bari ubhisxogen BaO 0.37
0. 05 - . Manganese oxi de, M r err : .- 0.07
Undet er m ned 160" bsﬁ 71b§%fur 0.02
100. 00 ' Met hod: ASTM Desi-gnati-on DA8B82-87 - 45.98
_ Btu/lb. : 4031 @ Oxygen (diff) . 24.55
15 ' _ o 100.00
Sulfur 0.02 '
MAF Btu 7462
20 _ :
Mineral Analysis Ignited Basis, % Weight
silica, Si0, |  40.29
_ Alumina, Al,0; 31.96
25 Titania, TiO, | 11.60
Iron oxide, Fe,0; | | 0.87
Calcium oxide, CaO ’ oo 12.64
- Magnesium oxide, MgO , 0.70
30 . Potassium oxide, K,O _ 0.11
Sodium oxide, Na,0 ' ' 0.15
Sulfur trioxide, SOs . 0.36
Phosphorus pentoxide,  P,0s _ 0.20
35 ~ Strontium oxide, SxO 0.05
Barium oxide, BaO 0.05
Manganese oxide, Mn,O, _ - 0.06
Undetermined —0.96
40 - S | 100.00 -

Method: ASTM Designation ‘D 3682-87
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- 6- PAPER M LL SLUDGE "I P" 5 | jrat e
Anal ysi s, %}396/07054 Utimte Analysis, % PC'I‘,USEA"I%HWDry
Basi s Dry Basis Ash 20. 21
Car bon 47.27 10 Vol at -Be 56. 74 Hydr ogen
4. 40 Fi xed Carbon ' 25. 05 Ni trogen 1.33
100. 00 Sul fur 1. 00

Ash The foxpgeing analysgs show ash levels fromdB to f3¥en
(18:; Bz) anéﬁjr%%.%?.le matter from 1‘_1601;0 50%. I\/R'k_;eBll'xl?ating values

9693 20 .M ne nal ysi i ted Basi.s,. % \j ght
Silica, Si 02ranged from &%316‘ €5 ?,53435'}:3% per pokz%.'& o Lﬁn%%y %azzc\ég:
16. 92 . Jitang i . d : 4 .

l ron o>?<r’:5 de, I‘Peé[selisr] qg?l??sg %per mill slu gesSIa&7s o exhivil I)C%T%JI.?J%

oxide, Ca0 profiles indicatingléocdd ignition chagaese¥isexcde . iVithe
4.88 30 Pot assi um oxi de; K[err] 2.01

Sodi um oxi de,dNef)samples. The ignitionlpdints compared fawdiisblyiwktie,
SAerr] 8.23 ' Phosphorus pent oxi de, P205
3.24 coal of various types. Other paper mill sludges that are
very high in fiber can have as little as 10% ash content.
10 Pilot study tests of the burning of paper mill sludge in ‘
a cyclone furnace were caﬁried out in a small boiler
simulator of Babcock & Wilcox which was fired by a single,
scaled-down version of Babcock & Wilcox’s cyclone furnace.
A typical cyclone furriace is shown in Fig. 1 of U.S. patent
15 5,022,329 issued June 11, 1991 to Rackley, et al. and
assigned to the Babcock & Wilcox Company. The pilot study
tests were conducted on a blend of paper mill sludges, with
limestone added as a fluxing agent, and on sludge from a
single source withoﬁﬁ a flux. Following is a listing-of
20 the proximate and ultimate analyses of the sludge blend,

with limestone, in an as received, as fired, and dry basis.

COMPOSITE PAPER MILL SLUDGE WITH LIMESTONE
25

* Basis | As Rec'd As Fired Dxy
Proximate Analysis, % | o '
Moisture 50.79 18.34 -——
Volatile Matter 24.61 - 40.84 50.01

30 Fixed Carbon 1.40 2.3_3 2.85
Ash ' 23.20 38.49 47.14



J35 Strontium oxide, SrO ' o 0. 04 Bari um

oxi de, BaOy 0. 33 . Manganese Qxj
Mlerr]der r?9'6l07054 0. 39 ' Undet er m ned %5’10437
2.43 40 100. 00
Met hod: ASTM Designation D 3682-87 45 =-9- WO 96/ 07054
PCT/ US95/ 10437 _ ' -7-
PAPER M LL SLU@@Es"sJEféatin% Va1gd oxi-mate Angbggi s, % 2631 - Usiymat e
Anal ysis, % Btu per Lb. Dry Basis Dry
Basi s ' Ash ' 45. 98 Car bon ' . 25.24
10 Vol ati B&u per Lb. (M&XsFre®) Hydrogen -—= - 3.84035
Fi xed Carbon 1.49 Ni t rogen 0. 37 '
100. 00 Sul f@i+imate Analysis, ¥-02 _ o
Ash . Bt u/ | b. ' 4031 Oxygen
(diff) 5 Mojstyxelg o 50.79 | 18.34 ==
100. 00 cSvbbur . 0.02 11.06 MAgBsg 22,48
7462 20 _ M neral Analysis , Ignited Basis, % Wi ght
Hydrogen 1.36 '2.26 2.77
Nitrogen o 0.28 " - 0.47 0.57
Sulfur 0.08 0.14 - 0.17
10 Chlorine ' 0.03 0.05 0.06
Ash | 23.20 38.49  47.17
Oxygen (Difference) © _13.20 _21.89  _26.81
Total | - 100.00 - 100.00 = 100.00
Total Carbonate, % CO,  5.94 '9.86 12.08
15 Calcium Carbonate, % 13.91 22.42 27.47
CaCO,; (Calc.) o
Ash Analysis, % _
Silicon as SiO, R 31.93
Aluminum as Al,0, _ 23.32
20 Iron as Fe,;0, ' 1.25
Titanium as 'rioz . 5.63
Calcium as CaO 28.23
Magnesium as MgO '5.53
Sodium as Na,0* : © 0.32
25 L Potassium as K,0* - 0.45 -
Sulfur as SO; | .. 1l.84
Phosphorus as P,0s - <0.10
Total Carbonate as % CO, 1.34
Zinc as ZnO : ' '0.08
30 - % By Flame Photometer.

Wet sludge produces handling problems. - Sludge should
preferably be dried to 20% or less moisture content prior

to introducing it into the cyclone furnace. The dried



Silica, SiO2 40.29 - Al um na,

Al [err] e, 31.96 25 - Titania, Ti

11. 60 &691%7054 I ron oxide, Fe[err]Jerr] P%g;ls95/10437

Cal ci um oxi de, CaO 12. 64 Magnesi um oxi de,
MgO 0.70 30 -¥btassi um oxi de, Klerr]O

0.11 Sodi um oxi de, Na20 0. 15

Sul fur tri oxsedgesowaith] llmestone was pégssggi ‘through apRd$ihosexreen
pent oxi de, P205 35 Strontjum oxide, SrO

0. 05 PrlOE%ﬁqLPﬁ%BH(EPaqgﬂblnto a feeder leading teg g@p cyclone
Manganese oxj de, Nh[err]C{err] : 0. 06

Undet er i nedturnace 0.96 40

égg}ggg5/1o437 Test%b%%&% run STgkgsshggfﬁa8g E§§§83%33t from abog%%ﬁ€407054

51 03 0l B O o Wl AT abeuffle o chotBotgLall Iy
7,734 BtUs pge POKE Hedrdl] na@isl gfs wadaMeé othdPesGuPERCsE ”flhél
sludges also exhlblt bur ni ng profiles indicating good ignition
characteri stes dytldie furnace was hot and slag flowed out of the slag
tap. The slag from.the sludge co-firing was solid, hard,
-strong, and durablé and similar to slag from coal
10 combustion in a cyclone furnace. _ | 'l
After successfully demonstrating the co-firing of sludge
and natural gas in the small boiler simulator, tests were
performed in which shredded tires were added to reduce the
natural gas input.  The shredded tire fuel was passed
15 through a 1/2" screen and mixed Wlth the sludge. Tests
were performed with about 10% and about 20% heat input from
tires, 40% from sludge, énd the remainder from natural gas.
Both test runs were satisfactory.
Even though the pilot study tests used sludge that
20 contributed less than the majority of the heat value, on a
mass flow basis (e.g. pounds of fuel per hour), the sludge
exceeded the natural gas.
| Although the paper mill sludge contained only small
amounts of heavy metals, such heaﬁy metals Qere entrained
25 in the slag, and the slag passed leachate testing.

The results were comparable for both the single source

paper mill sludge and the composite sludge with limestone

added as a flux.



'Jdri ed sanples. The ignition points conpar éd favorably with coal of
vari ous tyﬁfﬁs, er paper mll sludges that are ver yg hl jn . fJ ber
L£an have as |6{0'ﬂ§;e] as 10% ash content. 10 ' Pil ot st udg&,gg?géﬁé‘; t he

burni ng of paper mll sludge in a cyclone furnace were carried out
in a small boiler simul at or of Balddck & WIlcox which was fired by a
si ngl e, scal ed-down ver.si on of Babcock & W/ cox's cycl one furnace.

A typical cycl oneFigmrageli andnhdwAhPN fi gyciope Gusnace pted for the
5,022,329 issued June 11, 1991 ¢ Rafk- ey, al . afd assigned to
the Babcock &PWrnépg e5,ParReT "H'nglﬁ Lvin’) tu?’s}"e cyclong Jyrnage & % ed
bl end of 1.1 1 sl.ud . Wth . A dd '
on 5, end of gaper LSy 18 hon 1 o BURSLANEACUEL AR dod L 1
POl oni 09 1< 8yhiRbeld. Ofrndbyc1 dile PLOXLITIE 201 WLELTY S ANAIRSS o he

sl udge bl end, t , I'nan as received, as fire y
basi s. i 9%%{&5% diomd A Tih Md\@%ﬁ

1 as
Basi s _5 inlet 1 .w Rec'd As Féi}éred Dry r oxi rra:tﬁ%
Anal ysis, % ghown NBi SE44€ 2. Gas burners 125Gr&) mound&d34t the air
Vol atile Matter 24. 61 40. 84 50.01 30 Fi xed Car bon
1.40 2.38nlet 112.65 the cycAdthe barrel 10. A gas ign2802013 is

38. 49 47.14 _
disposed adjacent to the burners 12. Injectors 14 are

spaced along the cyclone barrel 10. The sludge along Qith
10 primary air enters ‘the cyclone barxel 10 through the
injectors 14. The primary air and the secondary air causes
a swirling flow of the natural gas, sludge, and air within
the cyclone barrel 10 and from the barrel 10 into the
inside of the furnace 15. The furnace 15 may be connected
15 to a boiler in any of a number of known manners.
Slag forms on the inner surface of the cyclone barrel
10. The molten slag exits through a slag spout opening 16
and passes to a slag tap 17 where the molten slag is
removed and ‘typically cooled by quenchingl.- : .
20 Since a single source of 'paper mill sludge may be
inadequate as a supplemental fuel source for a cyclone
" furnace fueling a boiler, iti' is possible that a blend of
.éaper mill sludges will be :&equired. The sludges can be
blended as a part of a process for tumble drying of the
25 sludges. For large scale cyclone furnace operation, the
optimal size for the sludge would be between 3/8" and.5/ 8".
Furthermore, for ease in handling, it may be desirable to

agglomerate the sludge into pellets.
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-9- wo $gi98& Heating Val ue 1586 2631 3222
Btu per Lb. Btu per Lb. (MRA Free) PCT/US95/10437
6095 Utimate Analysis, % 5 Moi st ure

50. 79 18. 34 --- Car bod 2~ 11. 06
18. 36 22.48 q&l 1.36 .2

2 77 Nltrroblgtﬁstone or other fluxlngoaggnts mayqu;t be neegexiz
Sul fur 0. 08 % ql i Chl ori ne
0. 03 0. Ugether a d‘.]dJé{ is needgghdepen s upon the slag VlSC%_lM
38. 49 4 ff C . 1.89
26. 81 broduped by tHO SNSRI Rapdara of méggfitenentoisig

Total Carbonagpepsfho (Egmﬁferﬂ £ hiSh 94 th 9 2 08
Cal ci um Carbonate, % ALure o1 S 5% éﬁpera&‘}r% at® drich the

CaCJ ers] (Caktag has a v15cos;t ASBfAnQBﬁslﬁo;&@. If the T-25
Silicon as SiQ2 31.93 Al um num as 31203
23.32 20 temperaturel rizn belbe| ethé Coperhting temperatuzeg5 in the
Titaniumas Tigerr] 5.63 Cal ci um as CaO
28. 23 cyclone furmageesnantdsxMj® necessary. 5.53

Sodi um as Na[err] O 0.32 25 Pot assi um as

Kl err] O Although g3he slag is typicsdilyur caelsd] egnlickly by
1.84 . Phosphorus as P205 <0. 10

Tot al Carbondi%e%gh@GECfg rr:hen crushed; fpr use, the molten skagccquldno
0. 08 Phot o ter Wt sl udge

pr oduc]g% handP? @eﬁﬁﬁ%ﬂgyﬁiﬁ:& dlng or forming operation for

molding into useful artlcles, such as bricks or tiles, or
forming into a fiber-like substance, such as mineral wool.
The slag, however cooled, will - have a glass-like
consistency. If landfilling is required, the slag is in a

15 condition that is easily handled compared to the sludge or
ash.

Sewage sludges or other sludges resulting from
industrial wastewater treatment can be converted using the
process of this invention. Such sludges have a similar

20 volatile component, similaf organic constituents, and
similar ash content to paper mill sludge. The ultimate and
mineral analyses of typical sewage sludges are set forth in
,ﬁ.s. patent 5,057,009 issued October 15, 1991, to the
present inventor.

25 The ability of cyclone furnaces to burn sludge and to
convert its ash content. to usable slag is a superior
technology to other presently available methods for

disposing of paper mill sludge. Optimal results are

-7



breferably be dried to 20% or |ess nisture content pri or to

I nt roducin .%@$ﬂﬁf t he cycl one furnace. ~ The dried WO 96/ 07054
PCT/ US95/ 1 - o - 10- POT{RFI&/ 14437 h

| i mest one was passed through a 3/8" screen prior to being | oaded
into a feeder leading to the cyclone . ~13%urnace. Tests were
run using a sludge heat input fromabout 10% 5 up to about 40% of the
total heat inmitainede ifiornacaventional = cyhloher stfumesices nabyr alsjag
was the other source of fuel. The cycl one furnace was hot and sl ag

fl owed out of partiakly dried sipda®ndisleagabhawh (208 Pxoleseompistigelas
solid, hard, strong,_and durable and simlar to slag fromcoal 10
conbustion i n BowgkemnewehiERlcsludge can beppcgomppdaded gyiyh suitable
denonstrating the co-firin f sl.udge, and natural gas_in the smal
boi | er si nul atSFILRRRAS g\%fg'e%eedlnggp‘é?ff%r%ﬁ Eﬁrﬂﬁ'FEh aé"r??e’d’éieﬁ“ﬁ??&%%r e
added t% reduge_ the . as in redded tire fu Elgas

I . h
passed ~15 Efﬁtr)ugﬁsa fFf‘ré%t Lcé:'e enq.‘a%d ﬁ?géar?\nt-?rhett%‘teé sllﬁ%agseFureresf’

maintaining temperatures high enough to form the slag.

The sludge may constitute in excess of 50% of the héat
value of fuel to the cyclone furnace. This is particularly
true if the moisture content of fhe sludge entering the

10 furnace is low, or if the ash content is low. Also, adding
a greater proportion of flux will reduce the temperature
necessary to form the slag and allow an increased
percentage of heat value to be provided by the sludge.

Shredded tires can be co-fired with'paper-mill sludge to

15 reduce the natural gas requirement. Coal or fuel oil may
be used as a supplemental fuel. in all cases, the mass
flow rate of the sludge can exceed that of the other fuels
delivered to the cyclone furnace.

Most of the ash from the sludge will melt into slag and

20 only a small fraction of ash (less than 5%) is likely to be
entrained in the combustion gases. The slag from sludge
co-firing is solid, hard, strong, and durable and similar

.to slag from coal combustion in a cyclone furnace.
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were satis ory tH‘ou\, S%d87 ). udge

that 20 contrlbuted | ess than the mpjority of the heat value, on a

mass flow basis (e.g. pounds of fuel perlBeur), the sludge exceeded .

the natural gas. Al t hough the paper m |l sludge contained only snal

anount s of hWavgladmal s, such heavy netals were entrained 25 in the

sl ag, and the slag passed | eachate testing. The_results were

conparabl e for botlr t hd Fekdod §Hhﬂﬂ?vertlng;E&Rﬁrrﬁ+1lsﬁﬁdﬂﬁeaﬁd the

conposite sludge with i meston added as a fl ux. WO

96/ 07054 s, 'comprisiag? ... PCT/ US95/ 10437

-11- res, 1 and h y e f dapted for .the
rﬁq" sdf"tF g %ﬁ% QWu 8 ?.#1?:3 L’.‘E%?foné ggrnace ac')L]p

burni ng of paper cyc urnace -tonsi st

cyclone bar r%Ltﬁoa“QéEQnaSséuPQé'5@”&?&.1 V‘@'; PP sludge and recover

5 the heat value of the sludge:and to convert the ash content

of the sludge to a slag.

2. The method in accordance with claim 1 wherein the

sludge contributes from about 10% to about 40% of the heat ‘

input to the furnace.

3. The method in accordance with claim 1 wherein the
sludge contributes in excess:offso% of the heat input to

the furnace.

4. The method in accordance with claim 1 wherein the
sludge is dried to a moisture content suitable for handling

before being introduced into the cyclone furnace.
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in Fi
=Gas burners I are mount et at t'he *ai f et 11 to @@P %%rre
10. A gas ignitor 13 is di sposed adj acent to the burners 12.
Injectors 14 are spaced al ong -t he-&Hel one barrel 10. The sl udge
along wth 10 rimary air enters the cyclone barrel 10 through the
injectors 14. The grlnahymaﬁh°én@ﬁﬂﬁ9@¥%% yO&i Paparseeill sludge or

swirling flow of the natural g sludge, and air within t he cycl one
barrel 10 andh® oktkde BIFPEL iBgrnto t he i nsi de of the furnace 15.
The furnace 15 nay be conn cte boi | er of _a punber_  of
known manners. ﬁé@aéiﬂﬁhﬁs§ﬁ1qrﬂ9+§ﬁﬂﬁesﬁ??gfétontHB°B§CPQ%
barr el ;g The qglten slag exits through a slag spout opening 16
and passes t&5 ?%. t%B 17 where the nolten slag is " renoved and
typicaldy cooled b i e f

mll slgudge may be }Sugﬂiﬂﬁh I na e%%?eSlud su%plagm%l&g%”?? Hsi(%ﬁrgcg ?p@ra
cycl one mtﬁ U§ Ngeeohdekbligce B lfiel itlo | Sadest bLRet ﬂaatavhllead off
paper mll sludges wll be required. The sludges can be bl ended as

a part of a pHweasbud@é andbte Eoyvagtothéh@sh content of the sludge to

a slag.

6. The method of claim 5 together with the step of

agglomerating the sludge into pellets before burning.

Thﬁlslliielt Has Been RTi
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Furthernore, for ease in handling,”if nhy be desirable to PCT/US95/10437

aggl onerate the sludge into pell ets ' WD 96/ 07054

PCT/ US95/ 10437 -16- -12- Li nest one
or other fluxing ag]ents may not be needed. Whet her a flux is needed

depends upon the sl’ag v?‘s’&%ﬂ‘?? of °°n"elﬁ?¥i&|é€tﬁ Beh Ha g §ég1égeThev1ng
standard of neasyre eratyre which is the

Pennarniure o8 SteehEltant Eroanic cont@tt apd BRLASH Conisnt ofobepuree.

| f th T-25 th t

the (10 1 2odRouk.2Ph, AIRDEBRRE! S0k o8 B Y &s‘i?@gﬂaﬁa@sfeggﬁ%ﬁ%&gﬁ tthe
| | | h d f
oead the mhiran ) Bl inillohdlibe in a AR AO-RNCE DS RREHRaST, " O

form ngg oper f I t I b ks
or til gss or hatd, %"tg;: rrrllgng ?ﬂrﬁ)o&gggb%gr %IJ]%%?}‘SJ %n?e’s%suc Cﬂgrﬁ néb%l
wool . d4.; shag, however cooled, will have a gl ass-1i ke

removing the molten slag from the furnace.

8. The method in accordance with claim 7 wherein the
sludge is dried to a moisture content of about 20% or less ‘

before burning.

9. The method in accordance with claim 7 wherein

the molten slag is molded into a glass-like product.

10. The method in accordance with claim 7 wherein the

molten slag is formed into fibérs.
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:Sewage sl udges orgot her” sl udges resulti 5 t PEEUSIU Rt er
treatment can be converted using the process of this invention.

Such sl udges have a simlar 20 vol atit¥’= conponent, similar organic
constituents, and simlar ash _content to paper m || sludge. The
ultimate and 1kt né¥ al meklofsesObf (SHREHENY sefageC¥riages afernace,
forth in U S. patent 5,057,009 issued October 15, 1991, to the

pr esent |nvenFEW@r%ﬁ}ng' The amllty of cyclone furnaces to burn sludge

c |
Cechnol ogy to ot ner EBPELERc EheoFRARE WAEn AaguEst oad e M CL Cl ) o

IgaC'FI)'/e[JSQS} I104§I7udge s;m@{:éﬂabugf§u'fu%lﬁfge the furng\ég %iglzog)%lpe er&:.ll

conventional Oy eNer ftHdacHse, by using - partially dried sludge
(i.e. about 20% or” | ess nnlsture)

12. A method_ of fueling a <cyclone furnace,
comprising: |
fueling the furnace with paper mill sludge or the
like; and
. 5 simultaneously fueling the furnace with one or more

additional fuels.

13. A method in accordance with claim 12 wherein the
sludge contributes the highest mass flow rate of any fuel

to the furnace.
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} | | :
However, wetter sludge can be acconnndated mnth sui tabl.e eqU|pnent

for feedl d@ ? he furnace and i {: squICIent 5 heat Q&ﬁgted
do evaporat %e moi sture whilé ' nalntalnlng tenpera 4l

enough to formthe sl ag. The sludge may constitute in excess of
50% of the heat val ue of fuel to the cyclone furnace. This is
particul arly true if the noisture content of the sludge entering the
10 furnace is low, or if the ash content is low Also, adding a
greater proportion of flux will reduce the tenperature necessary to
formthe slag and allow an increased icentage of heat value to be
provi ded by the sludge. Shredded tifes can be co-fired with

paper mll sludge to 15 reduce the natural gas requirenent. !ﬁPG* ?
fuel oil may be u a suppl enent al f;fl' In all case mass
heye

flow rate of the sludge can ex¢eed t hatjpof The | fuel s I del i vered

to the cycl one furnace. e sludge will

nmelt into slag and 20 onl 59 is
likely to be entrained | SEPronT sl udge
co-firing is solid, hard, str N o.sl ag

from coal
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conpri si ng: i ntroducing thé sltu nto a cycl one furnace al ong
with a second source of fuel to burn the sludge and reco t

val ue of the sludge and to convert the ash content m sILEJﬁﬁ 1996
a sl ag. 2. The net hod i+i1éecordance with claim1l wherein

t he sl udge contri butes from about 10%to about 40% of the heat

i nput to thewd useie: 3. The nethod in accordance with claim

1 wherein the sl udge contributes in excess of 50% of the heat_input

to t he furhace.A method of converting paper mill sludge and like

organic sludges having a high ash content, comprising:
introducing the sludge into a cyclone furnace along
with a second source of fuel to burn the sludge and recover

al 5 the heat value of the sludge and to convert the ash content

/

of the sludge to a slag.

2. The method in accordance with claim 1 wherein the
sludge contributes from about 10% to about 40% of the heat

input to the furnace.

3. The method in accordance with claim 1 wherein the
sludge contributes in excess of 50% of the heat input to

the furnace.

4. The method in accordance with claim 1 wherein the
sludge is dried to a moisture content suitable for handling

before being introduced into the cyclone furnace.



21. The method i n accordance wthll“lmmlmmﬁmllt he sl ud_ge S
d dt t t t tab ,
frn![ (raodugeg .”ﬁ'ti ng gsgl gﬂe fsﬂlrane rme‘?b')" ?gl 0 Ll'3'7

- 15- 5. A nethod of t |1 d |

organi ¢ sl udges havi ng gehl Sh gshcgg\r/\te;nlt ngcg?rgrersrnng Wn :j vond L IQG

the sludge to a noisture content of aboutl®20% or less; and 5
burning the dried sl ud% in_a cyclone furnace al ong wiith a second
source of fuel to3recofefmetiiod it °9§I"G§t6f‘g Papertﬁélélﬁh‘g%g%n%ln‘?ol@%vert

t he ash content of, th ‘%’1%?& has The net hod
of claims t8F9eReF FHKd N2 i fy %%bl%%’f%??hgc?mr‘s?bﬂ‘ée into
pellets before bu@yfyig the sludge to a moisture content of about 20%
or less; and
5 burning the dried sludge in a cyclone furnace along
—~— with a second source of fuel to recover the heat value of

the sludge and to convert the ash content of the sludge to

a slag.

6. The method of claim 5 together with the stép of

agglomerating ﬁhe sludge into pellets before burning.
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?\?6?6/ 07054 7. A nethod of coﬂmmﬁmﬂm m”“" m@&f&o 4 37

a significant organic content and an ash cohteht bf bet we

20% and about 50% on a dry wei ght basis, conprising: mewur |.i;'\ngg i ma
the sludge in a cyclone furnace to prodquLa 5 har d, 2L T

dur abl e gl assy slag that includes the ash; and - r enovi ng
the molten slag fnantize fueehed of fueling 8a Theyskbhed ifumeass fance
with claim7 wherein the sludge is dried to a noisture content of
about 20% or coepsising: bef ore burning. 9. The nethod in
accordance with claim7 wherein the nolten slag is nolded into a

gl ass-1i ke productfueling the furna® with matwekl gascoandnce with claim?7
wherein the nolten slag is forned into fibers.

simultaneously fueling the furnace with paper mill

sludge or like organic sludge having a high ash content.

12. A method of fueling a cyclone furnace,
comprising: |
fueling the furnace with paper mill sludge or like
organic sludge having a high ash content; and
5 simultaneously fueling the furnace with one or more

additional fuels.

13. A method in accordance with claim 12 wherein the
sludge contributes the highest mass flow rate of any fuel

to the furnace.
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(57) Abstract

—

Paper mill sludge or similiar or-
ganic sludges with a high ash content
are converted by burning the sludge in
a cyclone furnace (10) along with an-
other source of fuel. The heat content
of the sludge is recovered and the ash
content of the sludge is converted to a
glassy slag. A flux, such as limestone,
may be added to the sludge before in-
troduction into the cyclone furnace (10).
The slag is useful as a construction ma-
terial, an abrasive, for roofing products,
or for other purposes.
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