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[57] ABSTRACT 
A method is shown for producing a lightweight aggre 
gate by treating ilyash and sewage sludge. The tlyash 
and sewage sludge are mixed together and then agglom 
erated into pellets, with or without the use of a binder. 
The pellets may be coated and then are dried. The dried 
pellets are introduced into a rotary kiln in a direction 
that is co-current with the flow of fuel and air through 
the kiln. The pellets in the kiln will be intimated and 
will experience complete calcination as well as varying 
degrees of pyrolizing and sintering. The product of the 
kiln is a nodular material having a low density but with 
a hard and porous structure. The product of the kiln is 
feed to a cooler. The tlyash sewage sludge mixture has 
a signi?cant fuel value that is usable in the kiln. Further 
more, the fuel valve available in the kiln off-gases may 
be used for drying the materials. 

23 Claims, 2 Drawing Sheets 
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LIGHTWEIGHT AGGREGATE FROM FLYASI-I 
AND SEWAGE SLUDGE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

This invention relates to a treatment of flyash and 
sewage sludge, and particularly to the production of a 
lightweight aggregate from a mixture of ?yash and 
sewage sludge. 

Flyash is a particulate by~product produced from the 
burning of coal, and particularly powdered bituminous 
coal. Coal burning power plants typically produce very 
large quantities of ?yash that must be disposed of in an 
environmentally acceptable manner. It has been known 
for some time that ?yash can be treated to form struc 
tural products (U.S. Pat. No. 1,942,769 issued Jan. 9, 
1934 to Pet'fer, et al.) and that usable lightweight aggre 
gates can be formed from treated ?yash (U.S. Pat. No. 
2,948,848 to Dublin, Jr., et al. issued Aug. 16, 1990; US. 
Pat. No. 3,702,257 issued Nov. 7, 1972 to Koning and 
US. Pat. No. 3,765,920 issued Oct. 16, 1973 to Hum 
phrey). In the processes for treating the flyash, a typical 
step involves heating a ?yash mixture and the heating is 
often accomplished in a rotary kiln. 
Sewage sludge is the by-product of the treatment of 

wastewater. Sludge is the settled solids accumulated 
and subsequently separated from the liquid stream dur 
ing various phases of the wastewater treatment process. 
The sludge may be from primary or secondary settling, 
or may be waste activated sludge. The sludge may be 
raw sludge, digested sludge or de-watered sludge. The 
characteristics of the sludge will vary depending upon 
the stage of treatment from which is drawn and also 
depending upon whether it has received treatment such 
as by digestion. However, a common characteristic of 
the sludge is that it contains signi?cant organic materi 
als. 

Sludge has been generally disposed of by incineration 
followed by land disposal of the inert ash or by lagoon 
ing, land?lling, spreading on land for fertilizer or soil 
conditioning and ocean dumping where permitted. As 
with ?yash, sewage sludge presents a considerable 
problem of disposal in an economical and environmen 
tally sound manner. 

It has been proposed by Greenawalt in US. Pat. No. 
1,895,159 issued Jan. 24, 1933 that sewage sludge can be 
disposed of by mixing the sludge with a water absorp 
tive material, such as ashes. The resulting mass is then 
sintered on a pervious hearth to form a hard cellular 
cake that would be suitable for use as aggregate for 
concrete. Another method of disposing of sewage 
sludge is taught by Webster, et al. in Us. Pat. No. 
4,028,130 issued June 7, 1977 in which digested sewage 
sludge is mixed with lime, ?yash, and either alkaline 
earth metal, sulfates or soil to form an air hardenable 
composition that can be placed in an area open to the 
atmosphere and which will cure over a period a time to 
act as a land?ll or as a road base material. 

SUMMARY OF THE INVENTION 

Our invention involves the mixture of sewage sludge 
with flyash, agglomerating the mixture such as by pellit~ 
izing, and indurating the agglomerated mixture in a 
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rotary kiln. The resultant nodular product, after cool 
ing, can be used as a lightweight aggregate for con 
cretes, masonry, or insulation purposes, can be used for 
other commercial purposes, or can otherwise be dis 
posed of in an environmentally sound and economical 
manner. 

Depending on the amount of sewage sludge added to 
the mixture, the combustion of the organic portion of 
the sewage sludge will provide a significant percentage 
of the total heat energy required in the kiln and in other 
stages of the process. The sewage sludge also results in 
a signi?cant weight loss from the agglomerated mixture 
through the formation of voids in the aggregate after 
volatilization or combustion of the organic portion of 
the sewage sludge in the kiln. Additional reduction in 
the aggregate product density is obtained from bloating 
of the pellets because of the entrapment of gases within 
the aggregate from the combustion of volatile organics 
and ?xed carbon in the pellets and from calcination 
reactions. 
The mixture may contain between about 35 to 99% 

?yash by dry weight and between about 1 to 65% of 
sewage sludge by dry weight. Preferably, the mixture 
will contain between about 65 to 95% ?yash by dry 
weight to about 5 to 35% sewage sludge by dry weight. 

Various binder materials may be added to the raw 
mixture of flyash and sewage sludge to maintain suffi 
cient pellet strength for handling prior to the treatment 
in the rotary kiln. The pellets may also be coated with a 
coating material to prevent sticking of the pellets to 
each other or to the rotary lu'ln surfaces. 

Important features of the treatment within the rotary 
kiln include co-current ?ow of pellets and gas, locating 
the main burner at the feed end of the kiln, a fairly ?at 
temperature ‘pro?le along the entire length of the kiln, a 
peak gas temperature range of about 800° to 1200° C. in 
the combustion and sintering zones of the kiln, and a gas 
composition and flow rate through the kiln that pro 
vides sufficient temperature, oxygen and retention time 
to fully combust carbon and volatile organic com 
pounds. The high heat energy content in the kiln off-gas 
is available for energy recovery and use in drying of the 
agglomerated mixture of ?yash and sewage sludge or in 
drying the sewage sludge prior to mixing with the 
flyash. 
A principal object of this invention is to provide a 

method of utilizing ?yash and sewage sludge by com 
bining them and treating the combination to form a 
useful product. 
A further object of the invention is to produce a 

lightweight aggregate product formed from treated and 
heated ?yash and sewage sludge. 

It is also an object of this invention to provide a 
method for forming a lightweight aggregate from flyash 
by mixing with the ?yash a sewage sludge that provides 
a major portion of the fuel value needed in a rotary kiln 
treatment of the ?yash. 
The foregoing and other objects and advantages of 

the invention will appear in the following detailed de 
scription of a preferred method for carrying out the 
invention. In the description, reference is made to the 
accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 illustrates the arrangement of process appara 
tus suitable for carrying out the method of the present 
invention; and 
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FIG. 2 illustrates a pilot plant used to test the method 
of the present invention. 

4 
TABLE II-continued 

MINERAL ANALYSIS OF FLYASH ASH 

DETAILED DESCRIPTION OF THE weilg % 
INVENTION 5 Constituent A-1 A-Z B c D E 

Flyash can vary in its makeup depending upon its $11304 1;: -°3 ~02 ~00 4; ~09 
source and can also vary when obtained from a single d n’ _ ed ‘ ‘27 ‘l 2'09 ' ‘24 

. . . . . ‘1mm 

SON“? dependmg “9°” specl?c °pe¥atmg c°ndm°ns TOTAL 100.00 100.00 100.00 100.00 100.00 100.00 
experienced by the power plant. Typical ?yashes that 
are useable in the present invention are represented by 10 
the ?yashes produced by several upper midwestem Goa] It should be noted from the above Tables I and II that 
?red power plants. The ultimate analysis for flyashes the cal'bqn Content, the loss-"148mm" Percent/a8?’ ‘811d 
from these sources, including two different batches the calori?c Values of the ?yash vaf'y wldely- T1115 15 In 
from the ?rst source, are set forth in the following Table PF" dependent upon the?xtent 0f lncofnplete combus' 
I. 15 tron of the coal from wh1ch the flyash 1s produced and 
The ash mineral analysis for the same flyash are set {'150 dependent “P011 the type of ‘>031 a?‘ ‘Va-f1 bumed- 1‘ 

forth on the following Table 11; 15 one of the advantages of the present invention that the 
TABLE I loss-on-ignition of the ?yash is not a particularly impor 

tant parameter so that a wide variety of ?yashes can be 
W 20 successfully used. Typical ?yash has a loss-on ignition 

WEE % of 0 to 20%, and all such ?yash can be used successfully. 
0098mm‘ A-l A-Z B C D 5 However, where several sources of ?yash are available, 
Mosture 0.00 0.00 0.00 0.00 0.00 0.00 there is advantage to blending ?yashes from various 

$13011 7%: 6-3; 8-3: 3: 27-3: sources to produce a ?nal blend of ?yash having los 
y ogen . . . . . . _- - - 

Nitrogen .42 .11 .15 .04 .48 .03 25 5'“ 13mm“ °f between 5.“) 19%‘ . . . . 
sulfur J; 49 A9 .52 12 '94 Sewage sludge also vanes widely 1n its compos1t1on 
Ash 91.39 92.56 90.13 914.94 69.46 99.30 and characteristics. It also varies greatly in its moisture 
0W5“! 1° ~31 40 —°- 1° 1'07 4162 content depending upon the level of treatment at the 

‘TOTAL loo-0° 100m loo-0° loo-0° 10°92 "11$ wastewater facility. Examples of typical sludge are 
gig‘ Q: 2'16 2m 2‘34 2'46 '9 l' 30 those produced by upper midwestern wastewater treat 
M, “I 744 937 L06 3054 mo ment facilities. The sludge from these facilities may 
Ignition. % have an ultimate analysis as shown in the following 
sflo??c 948 771 111° 0 4100-5 0 Table III, and a mineral analysis of the ash content of 

“C ' - (BTU/LB) the sludge as shown 1n Table IV below. 

TABLE III 
ULTIMATE ANALYSIS OF SEWAGE SLUDEGE 

x Sludge Y SludE z Sludge 
As-Rec’d. Dry As-Rec'd. Dry Wet Dry 

Constituent Wt. % Wt. % W1. 96 W1. % Wt. % Wt. % 

Moisture 87.46 0.00 36.85 0.00 5.00 0.00 
Carbon 4.37 34.91 12.41 19.64 38.30 40.32 
Hydroben .64 5.16 1.66 2.64 5.32 5.60 
Nitrogen .63 5.01 1.07 1.69 611) 6.32 
Sulfur .09 .71 .82 1.29 NA NA 
Ash 4.38 34.96 38.76 61.39 23.75 25.00 
Oxygen (Difl) 2.41 19.25 8.43 13.35 21.63 22.76 

TOTAL 100.00 100.00 100.00 100.00 100.00 100.00 
Chlorine % .05 .38 .17 .26 NA NA 
Loss-On-Ignition % 95.62 65.04 61.24 38.61 76.25 75.00 
CALORIFIC VALUE 783.5 6260 1866 2955.5 7214 7595 
(BTU/LB) 

TABLE IV 

TABLE I1 55 MINERAL ANALYSIS OF SEWAGE SLUDGE AsI-I 
X Sludge Y Sludge Z Sludge 

MINERAL ANALYSIS OF'FLYASH ASH c ‘ mum wt % WL % wt‘ % 

wag‘ % 5'0 13 40 32 8s 40 59 
. l - . . 

Constituent A-l A-2 B C D E A1203 4.13 9'75 15-25 

810; 50.04 48.95 49.79 50.79 47.62 36.35 T102 .70 .70 NA 
A1203 23.99 24.02 24.43 19.42 25.73 18.74 60 F920; 34.30 8.40 23.96 
T102 1.14 1.13 1.26 .94 1.11 1.53 CaO 11.60 24.16 5.01 
F6203 15.14 16.16 16.56 15.14 17.69 5.54 MgO 2.30 5.40 2.69 
010 3.69 3.82 1.89 5.76 2.117 26.18 K10 1.32 1.91 NA 
MgO 1.03 .97 1.07 1.07 .66 4.61 N120 1.20 .70 NA 
K20 2.12 2.02 2.74 2.12 1.38 .38 503 3.02 5.15 NA 
N810 .97 .93 .79 1.09 .48 1.60 65 P205 27.20 10.80 8.42 
so; .97 1.14 .82 1.24 1.59 2.66 Undertermined .33 .15 4.011 
P205 .41 .40 .25 .32 .30 1.18 TOTAL lw‘m “11m “x100 
s10 .10 .11 .12 .03 .14 .45 
Duo .05 .05 .14 .05 .04 .54 
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Before mixing with the ?yash, the sludge moisture 
content must be reduced down to a level such that the 
resulting moisture content of the ?yash and sewage 
sludge mixture is suitable for agglomeration. Depending 
upon the initial moisture content, such sludge drying 
can be accomplished by conventional and well known 
mechanical and thermal sludge drying processes. The 
initially dried sewage sludge may then require size re 
duction to break up any hard lumps formed during the 
drying and to assist in uniform dispersal in the mixing 
with the ?yash. 
The ?yash and sewage sludge are then mixed in a 

material preparation area 10 which may include batch 
or continuous mixing. The moisture content of the 
mixed ?yash and sludge should be at about 5—25% for 
ease of mixing and subsequent agglomeration of the 
mixture. The ?yash and sewage sludge are mixed in a 
proportion to about 35 to 99% ?yash by dry weight to 
about 1 to 65% sewage sludge by dry weight. Within 
that range, the preferred proportions are about 65 to 
95% ?yash by dry weight to about 5 to 35% sewage 
sludge by dry weight. For proper agglomeration, it may 
be necessary and desirable to add a binder such as ben 
tonite to assist in forming the mixed particles. Such a 
binder should not exceed about 20% by total dry 
weight of the resulting mixture and preferably does not 
exceed about 5%. The binder may not be necessary 
depending upon the cohesiveness and integrity of the 
green agglomerated mixture. 
The blended ?yash and sewage sludge mixture, with 

or without binder, is fed to a ?rst agglomerator 12 
which agglomerat‘es the mixture into small pellets in the 
range of l to 2 inches in diameter. The green pellets 
produced in the ?rst agglomerator 12 are fed to a sec 
ond agglomerator 14 in which the pellets may be coated 
to prevent the green pellets from sticking to each other 
during heat treatment in the rotary kiln. The preferable 
coating is a low loss-on-ignition ?yash. Alternatively, 
dolomite, limestone, portland cement or other material 
may be used as a coating. The coating may not be neces 
sary, depending upon the sticking tendency of the pel 
lets in the rotary kiln. 
The green pellets with or without coating are next 

dried on a traveling grate dryer 16. The green pellets 
are dried to a moisture content that is preferably below 
5%. The dried pellets are then introduced into a rotary 
kiln 18. The dried pellets are fed into the same end of 
the rotary kiln 18 from which external fuel is introduced 
through burners 20 and through which air is introduced 
through the burners 20 or air lances 22. The pellets will 
slowly travel through the inclined rotary kiln in the 
same direction (i.e., co-currently) with the direction of 
the ?ow of hot gases through the kiln. The maximum 
temperature in the kiln should be between about 800’ 
and 1200' C. and the temperature pro?le along the 
length of the kiln should be relatively ?at. The pellets in 
the kiln will be indurated. The pellets will experience 
complete calcination and may also experience varying 
degrees of pyrolizing and sintering. The outer surface of 
the pellets will form a shell layer which will entrap 
gases formed in the inner portions of the pellets result 
ing in pellet expansion. This will form a porous interior. 
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6 
The resulting product is a nodular material having a 
low density but with a hard and porous structure. 
The product of the kiln is fed to a cooler 24, which 

can be water or air cooled, to bring the product temper 
ature down to a temperature where it can be further 
handled and stockpiled. The heat from the cooler 24 
may be recovered and used for various process pur 
poses including drying the green pellet in the traveling 
grate dryer. 
The sewage sludge adds signi?cantly to the fuel value 

of the mixture in the kiln and signi?cantly reduces the 
amount of external fuel, such as natural gas, that is re 
quired to ?re the kiln. Table V below is a comparison of 
the fuel content of a typical ?yash and sewage sludge 
blend in the ratio of 65% to 35%, respectively, com 
pared to 100% ?yash. It will be seen that the natural gas 
fuel that would be required to be added to the kiln to 
produce the same product rate in short tons per hour 
would be reduced about 85% using the blend of ?yash 
and sewage sludge as compared with all ?yash. Fur 
thermore, there is a considerable fuel value available in 
the kiln off-gas and this heat energy may be used to dry 
the sewage sludge prior to mixing, to dry the green 
pellets, and for energy recovery for cogeneration or 
other purposes, all as shown in FIG. 1. 

TABLE V 

Material Flyash FA/SS Blend 

?yash/Sludge. % 100.00 65/35 
Calori?c Value, BTU/LB 800.96 2144.78 
Material L.0.1., % 7.50 21.80 
Ball Moisture Content, % 19.“) 25.00 
Product Rate, S'I'PH 21.60 21.08 
Heat input, MM BTU/T on. Prod. 

Natural Gas Fuel’ 3.93874 .5360! 
Material Fuel 1.73180 5.13948 

Total 5.67054 5.67549 
Heat Output, MMBTU/l‘on Prod. 4.40671 4.95480 
Kiln Off-Gas 

The cooler and/or kiln off-gases can be fed to the 
traveling grate dryer 16 to provide the heat source for 
that drying process. Unused gases will pass to gas 
cleanup and exit the gas stack 26. 

Pilot plant studies were carried out on various blends 
of ?yash and sewage sludge, including comparison tests 
of ?yash without sewage sludge. The operating parame 
ters of the kiln were also varied. The pilot plant process 
?ow is illustrated in FIG. 2. Results of the pilot plant 
operations appear in Tables VI, VII and VIII. 
The various blends of ?yash and sewage sludge used 

are shown in Table VII. In almost all cases a binder in 
the form of bentonite was added. Furthermore, a coat 
ing was used with some of the tests mixtures, as shown 
in Table VI, and the coating in each instance was the 
low loss-on-ignition ?yash C. The ?yash used in each of 
the mixes was itself a blend of ?yash from several 
sources. The proportions of the various components of 
the ?yash blends were selected to achieve certain los 
s-on-ignition percentages. In the case of tests 1 and 2, 
the loss-on-ignition percentage was respectively 10 and 
12.81%. For all of the tests 3 through 18 the loss-on 
ignition percentage was 7.5%. The mixing of the raw 
material constituents was accomplished in a batch mixer 
30 that imparted intense axial and radial motion to the 
material with a high speed blending chopper. 
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TABLE VI 
MIX COMPONENTS. % 
Y Z X 

TEST NO. FLYASH SLU'DGE SLUDGE SLUDGE BENTONITE TOTAL COATING 

97 l 
2 97 
3 65 35 
4 63.5 34.3 
5 63.05 33.95 
6 33.95 63.05 
7 48.5 48.5 
8A 48.5 48.5 
83 48.5 48.5 
9A 48.5 48.5 
9H 48.5 48.5 
10 48.5 33.95 14.55 
11 48.5 33.95 14.55 
12 63.05 33.95 
13 63.05 33.95 
14A 62.4 33.6 
148 62.4 33.6 
15 62.4 33.6 
16 48 28.8 19.2 
17 62.4 19.4 14.4 
18 77 2O 

3 100 16 
3 I00 16 
O 100 O 
2 100 0 
3 100 16.6 
3 100 16.6 
3 ll!) 16.6 
3 100 0 
3 100 0 
3 I00 22 
3 I00 22 
3 100 22 
3 100 0 
3 I00 23 
3 100 0 
4 100 0 
4 1CD 0 
4 100 20 
4 I00 0 
4 100 20/27 
3 100 0 

The mixture was a fed to a 40" dia. by 6.5" deep 
pelletizer pan 32 rotated at between 15 and 20 RPM at 
a slope of 45° to 50" from the horizontal. The green balls 
produced in the ?rst pelletizing pan 32 were fed to a 
second pelletizing pan 34 having similar characteristics, 
and the dry coating materials, when used, were deliv 
ered to the second pelletizing pan. Agglomerated mate 
rial samples from the pelletizing step were collected and 
analyzed for moisture, bulk density, number of 18" 
drops to fracture, wet and dry compressive strengths 
and size to determine the quality of the green balls that 
had been produced. The characteristics of the green 
pellets produced in the various tests are set forth in 
Table VIII. 
The green pellets were fed to a grate dryer 36 utiliz 

ing a down draft ?ow of gas to solids heat exchanger. 
The loaded cross-section of green pellets was 11" wide 
by 6" deep with an active drying length of 4 feet and a 
grate speed which was varied between under 1" per 
minute to in excess of 4" per minute. The drying tem 
perature was maintained in the area of l50°—200° C. The 
process gas ?ow was adjusted to maintain the moisture 
content in the dried ball below 5%. 
The dried pellets were fed to a rotary kiln 38 having 

a 22.75" inside diameter by 13’ length. The feed was 
co-current with the ?ring of the rotary kiln such that 
the process gas stream traveled in the same direction as 
the solid ?ow. 1n the feed end, the incoming pellets 
from the grate dryer were ?rst dried and preheated, 
some organic compounds were volatized and ignition of 
combustible materials was initiated. In the next zone, 

25 

30 

35 

45 

50 

provided at high temperatures to assure complete com~ 
bustion and further induration of the pellets. 
Two natural gas burners 40 and two air lances 42 

were located in the feed end. The second burner was 
not used in all of the tests. The kiln 38 was operated at 
a speed of between 2 RPM and 3.9 RPM to achieve a 
solids retention time in the range of 30 to 60 minutes. 
The kiln slope was set at one-eighth inch per foot. Table 
VII sets forth the speed of operation of the kiln, the 
natural gas and air consumed, and the temperatures at 
four points T-l through T4 along the length of the kiln. 
Table VII also sets forth in the calori?c value of the 
mixture used in each test and the loose bulk density of 
the resulting nodular product. 
The nodular product from the kiln was transferred to 

a rotary cooler 44 having a 15" inside diameter by 12' 
length. The rotary cooler indirectly cooled the solids to 
below 65'I C. The indirect cooling resulted from the 
conduction of heat through the shell to a continuously 
wetted external surface. The cooler slope was also one 
eighth inch per foot and its speed was held constant at 
6 RPM resulting in a solids retention of about 30 min 
utes. The resulting granular product was analyzed for 
bulk density and the results of those tests are set forth in 
Table VIII. 
The resulting products from the pilot plant opera 

tions proved sufficient to satisfy the standard ASTM 
speci?cations for lightweight aggregates for structural 
concrete (designation C 330), lightweight aggregates 
for concrete masonry units (designation C 331), and 
lightweight aggregates for insulating concrete (designa 

volatilization of the remaining organics occurred and 55 tion C 332). Those speci?cations provide a maximum 
burning of the combustibles in the pellets and above the loose density of between 55 and 70 lbs per cubic foot 
tumbling bed was essentially completed. In the ?nal depending upon the size distribution of the aggregate in 
heating zone, additional solids and gas resident time was the mix. 

TABLE VII 
CALORIFIC PIIDT PLANT KILN OPERATING DATA BULK DENSITY, 
VALUE SPEED NATURAL GAS AIR TEMP.‘ 'C. LOOSE 

TEST NO. BTU/LB RPM CFM SCFM T-l T-2 T-3 T-4 LBS./F1"3 

1 1115.79 3.0 13.5 179 NA 1103 1058 1006 $0.91 
2 1465.81 NA NA NA NA NA NA 51.57 
3 1555.05 2.75 10.8 169 956 986 935 940 45.90 
4 1523.95 2.75 11.3 192 1020 1024 972 979 47.55 
5 1508.40 2.75 15.7 204.5 [081 1027 1026 981 48.55 
6 2135.37 2.75 13.6 210.9 1050 1000 1001 93s 49.24 
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TABLE VII-continued 
CALORIFIC PILOT PLANT KILN OPERATING DATA BULK DENSITY, 

VALUE SPEED NATURAL GAS AIR —'1'E_L@,'c.— LOOSE 
TEST NO. BTU/LB RPM CFM SCFM T-l T-2 T-3 T-4 LBS/5T3 

7 1821.88 2.75 8.8 136 880 895 982 934 49.01 
8A 1821.88 2.75 9.4 131 938 919 978 923 46.21 
83 1821.88 2.1!) 8.2 146 896 976 944 883 46.76 
9A 1821.88 2.75 10.8 138 990 952 1007 994 48.84 
913 1821.88 2.00 8.8 152 961 1032 957 877 49.33 
10 2440.48 2.00 7.8 145 924 1013 970 920 44.66 
11 2440.48 2.00 9.1 146 976 1034 1017 976 48.84 
12 2630.28 2.00 8.2 150 891 967 925 854 42.90 
13 2630.28 2.00 7.5 150 983 990 919 850 40.99 
14A 2603.16 2.50 5.23 148.2 844 963 884 817 40.03 
143 2603.16 2.00 5.71 161.6 871 951 874 808 37.22 
15 2603.16 2.11] 5.16 156.8 845 956 887 823 34.19 
16 2437.56 2.00 7.45 156.5 873 995 917 840 45.34 
17 2739.53 3.75 7.12 158 897 977 919 858 40.42 
18 2058.14 2.50 13.3 133 NA NA NA NA 45.20 

TABLE VIII 
GREEN PELLET DATA PRODUCT QUALITY DATA 

STRENGTH . NO. 18" BULK DENSITY MOISTURE DRY BALL BULK DENSITY BS/Fl'3 

TEST NO. WET DRY DROPS LBSJI-"T3 % L.O.I. LOOSE SHAKEN RODDED 

1 2.84 6.46 7.45 64.03 19.13 9.48 50.91 54.98 53.89 
2 2.81 7.35 8.40 62.95 20.50 12.12 51.57 55.08 53.38 
3 3.69 2.87 18.75 59.85 29.53 17.86 45.90 52.54 51.09 
4 4.65 5.33 19.70 59.70 19.86 17.51 47.55 52.82 52.82 
5 2.34 5.67 +20 60.80 23.60 17.22 48.55 52.24 52.27 
6 1.98 4.32 +20 59.40 27.23 24.89 49.24 53.50 53.90 
7 2.15 6.82 +20 58.05 24.10 21.56 49.01 53.85 53.31 
8A 2.51 7.43 +20 60.25 23. 10 20.18 46.21 50.40 49. 26 
88 2.03 5.77 +20 60.43 24.20 21.10 46.76 49.40 49.46 
9A 2.46 6.3 1 + 20 59.89 25.40 21.54 48.84 52.63 52.02 
98 2.76 8.77 +20 61.75 24.05 20.74 49.38 53.53 52.16 
10 2.10 6.21 +20 56.95 25.10 25.14 44.66 49.37 47.90 
1 1 2.1 1 7.69 + 20 56.55 25.60 23.97 48.84 53.09 51.95 
12 1.88 4.00 +20 53.90 32.30 20.52 42.90 47.00 45.82 
13 1.39 1.99 +20 52.35 34.18 26.19 40.99 43.96 43.96 
14A 1.02 2.03 +20 50.94 34.50 26.83 40.03 44.01 43.48 
143 1.19 1.83 +20 53.18 34.18 27.47 37.22 41.10 40.98 
15 1.25 1.69 +20 51.85 34.48 27.97 34.19 42.35 41.94 
16 1.08 2.85 +20 52.02 33.93 26.10 45.34 49.44 48.57 
17 1.09 2.83 +20 52.97 33.62 28.45 40.42 44.26 44. 15 
18 2.58 6.95 13.43 57.60 20.80 22.56 45.20 47.69 47.78 

We claim: 
1. A method of producing a lighweight aggregate, 6. A method of treating ?yash and sewage sludge for 

comprising the steps of: 45 subsequent use, comprising the steps of: 
mixing flyash and sewage sludge; mixing ?yash and sewage sludge in the proportions of 
agglomerating the resulting mixture; about [35-99%] 35-80% dry weight ?yash with 
drying the agglomerate; [and] about [l-65% ] 20-65% dry weight sludge; 
creating a ?ow of hot gases along the length of a rotary agglomerating the mixture; 

kiln; 50 drying the agglomerated mixture to a moisture con 
passing the dried pellets through the rotary kiln co-cur- tent of less than about 5% by weight; 

rent with the ?ow ofhot gases; and heating the dried agglomerated mixture in a rotary 
indurating the agglomerate while in [a] the rotary kiln to form a nodular product; and 

kiln to a temperature below the melting point of the cooling the product of the kiln. 
agglomerate. 55 7. A method in accordance with claim 6 wherein the 

2. A method in accordance with claim 1 wherein the ?yash and sludge are mixed with a binder in the propor 
agglomerating is accomplished by pelletizing the mix- tion of 0-20% by dry weight. ‘ 
ture. 8. A method in accordance with claim 6 wherein a 

3. A method in accordance with claim 2 together ?ow of hot gases is created along the length of the rotary 
with the step of coating the pellets prior to heating of 60 kiln and the dried agglomerated mixture is passed 
the pellets to produce an outer shell on the pellets to through the kiln co-current with the ?ow of hot gases in 
prevent sticking of the pellets as they are heated in the the kiln. 
kiln. 9. A method of treating ilyash and sewage sludge, 

4. A method in accordance with claim 1 wherein the comprising: 
?yash and sludge are mixed with a binder. 65 mixing ?yash with sewage sludge having a high fuel 

5. A method in accordance with claim 1 wherein the value; 
agglomerated mixture is heated up to about 800°-l200° agglomerating the mixture; 
C. drying the agglomerated mixture; 
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heating the agglomerated mixture to a temperature 
less than the melting point of the mixture in a to 
tary kiln using the agglomerated mixture as the 
principal source of fuel in the kiln to form a porous 
nodular product; and 

recovering the nodular product from the kiln. 
10. A method in accordance with claim 9 wherein 

additional fuel is added to the kiln in an amount that is 
a small fraction of the total fuel required. 

11. A method in accordance with claim 9 together 
with the step of recovering the heat content of the off 
gases of the kiln. 

12. A method in accordance with claim 9 together 
with the steps of recovering the off-gases from the kiln 
and using the heat value of the off-gases to dry the 
agglomerated mixture before it is introduced into the 
rotary kiln. 

13. A method of producing a lightweight aggregate, 
comprising the steps of: 
mixing ?yash and sewage sludge in the proportions of 

about 35-99% dry weight ?yash with about 1-65% 
dry weight sludge; 

pelletizing the resulting mixture; 
drying the pellets to a moisture content of less 

[then] than about 5% by weight; 
creating a flow of hot gases along the length of a rotary 

kiln: 
passing the dried pellets through [a] the rotary kin 

co-current with the ?ow of hot gases to form a 
nodular product; and 

cooling the product of the kiln. 
14. A method in accordance with claim 13 wherein 

the ?yash and sludge are mixed with a binder in a pro 
portion of up to about 20% by dry weight. 

15. A method in accordance with claim 13 wherein 
the pellets are coated prior to being dried. 

16. A method in accordance with claim 13 wherein 
the kiln is heated up to about 800°-l200° C. 

17. A method in accordance with claim 13 wherein 
the heat content of the kiln off-gases is recovered. 

18. A method in accordance with claim 17 wherein 
the recovered heat content is used to supply heat value 
for drying the sludge prior to mixing and for drying the 
pellets. 
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19. A method in accordance with claim 13 wherein 

the heat removed from the product during cooling is 
used to dry the agglomerated mixture. 

20. A method of treating ?yash and sewage sludge, 
comprising the steps of.‘ 

mixing ?yash and sewage sludge; 
pelletizing the resulting mixture; 
creating a flow of hot gases along the length of a rotary 

kiln; 
passing the pellets through the rotary kiln co-current 

with the flow of hot gases to form a nodular product; 
and 

adding air to the kiln su?icient to completely combust 
the pellets within the kiln while heating the pellets to 
a temperature that is below the melting point of the 
pellets. 

21. A method in accordance with claim 20 wherein the 
?yash and sludge are mixed in the proportions of about 
35-80% dry weight flyash with about 20—65% dry weight 
sludge 

22. A method of treating ?yash and sewage sludge, 
comprising the steps of.‘ 

mixing ?yash and sewage sludge; 
pelletizing the resulting mixture; 
introducing fuel through a burner into one end of a 

rotary kiln with the result that hot gases will ?ow 
within the kiln from the one end toward the other end 
of the kiln; 

introducing air separate from air introduced with the 
fuel into the one end of the kiln su?‘icient to com 
pletely cornbust the pellets in the kiln; and 

introducing the pellets into the one end of the kiln and 
passing the pellets through the kiln ctr-current with the 
?ow of hot gases to form a nodular product while 
heating the pellets to a temperature below the melting 
point of the pellets. 

23. A method of treating ?yash and sewage sludge, 
comprising the steps of‘ 

mixing ?yash and sewage sludge.‘ 
pelletizing the resulting mixture; 
introducing fuel and air into a rotary kiln to create a 
?ow of hot gases through the kiln and to maintain a 
substantially ?at temperature profile along the length 
of the kiln and wherein the temperature is below the 
melting point of the pellets; and 

passing the pellets through the rotary kiln co-current 
with the ?ow of hot gases 

* t i t i 
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