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SUMMARY

II tons of spent ash available per day.

Heating value of spent black ash

(I% moisture) = 14,000 B.T.U./#
Carbon in spent ash Z96.2 %
Moisture content of ash as it

comes from leaching tanks =z 600 %

Moisture content after drying

in a centrifuge = 233 %

The dried spent ash (I-2 % moisture) burns well
either as a powdered fuel or on the grate, the two
vrincival requirements being & good draught and

sufficient combustion spsce.

The centrifugslly dried ash will not support
combustion alone. When mixed with I part of cosal
it burns with difficulty, with 5 parts it burns
easily, snd with I4 perts apparently as easily as
the coel itself.

Briquets suitable for burning cennot be msade
economically with bleck liguor., the organic humus

precivitated from black liquor, or concentrated

sulfite liquor.
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Recovery of Ash for Fuel in the Boiler Room

Single Dryer and
Centrifuge Centrifuge

Initiel Cutlay $ 6,500 $ 16,900

Value of ash recov-

ered ver year I6,380 21,000
Cost of recovery

per year 3,750 7,770
Yearly profit 12,630 13,230

The centrifuge system has the sdvantage that
it is simple, could be easily installed, snd the
initisl outlay is smsll. The damp product would
be easy to handle but would have to be mixed with
at least five times its weight of cosl in order
to support combustion freely. This plan would use
the furnace for the dryer and supply the heat from

the cosl.

With the centrifuge and rotary dryer the drying
is done outside of the furnace by waste heat, and
the product will support combustion slone. This
system offers the larger profit in the long run
although the initial cost is high. However it is s
fairly complicated system, would be difficult to
install , and the driéd esh would be hard to handle.

(R)



INTRCDUCTION

The Penobscot Chemical Fibre Company located at
Great Works, Msine, hes large quantities of "black
liquor" coming from the soda process of manufacturing
wood pulp. The wood in the form of chips is cooked
in digesters with strong caustic by blowing in steam,
After the cook is completed the contents of the digest- The
er are the wood pulp, mixtures of the compounds of the Orégin
Blaeck Liguor
ligneous matter in the wood with caustie, the excess
caustic, and water. A1l these with the exception of
the pulp are in the form of & heavy dark liquor known
a8 "bleck ligquor", which is further diluted by wash-
ing the pulp.
The liquor:is concentrated in eveporators to about
40 degrees Bsume in which condition 1t goes to the

inecinerating furnaces, which are rotary eylindrical

kilns fired by flue ges from adjacent coal burning

furneces. The flue gas concentrstes the liquor as Treatment
of
it rolle down the furnace until it is able to support Black Liquor
to Get
its own combustion when it takes fire &and burms to Bleck Ash

smell particles of ash, consisting of 65-80% Na,COg
end the rest carbon with smell smounts of mineral

selts from the wood,
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These incendescent particles known &s "black ash"
fell into & conveyor and are dumped into leaching

tenks where they are washed countercurrently to remove Removsel

of
the sodium salts., The sode ash reccvered by the wash Soda from
Black Ash
water is ceausticized preparastory to using it agein,
The residue in the leaching tanks is "spent ash"
consisting of about 95% carbon, smell smounts of soda
esh and other mineral salts. Under the present system
this "spent ash", of which there is about ten to thir-
The
teen tons per day, is washed into the sewer as a waste.Ngture of
the Spent
The large smount thrown away per day, the high per- Ash; Its
Prodbable
centage of sarbon in the ash, its finely divided and Value
light porous condition open up several avenues for
investigations of the commercial utilization of this
wacste, If used as & fuel with & ton of ash replacing
& ton of coal, and at the coal price of $7.00 per ton,
the value of the waste would be $70.,00 per day or ,
conservatively, over $2I,000 per year. Considering
8ll the sodas pulp mills in the country this loss must
be enormous.
Granting that it seems a queer idea of economy to
try to save the carbon resulting from the burning of
veluable organic compounds in the black liquor, we
Recovering
must consider that it will take meny years to perfect Orgsnic
. Compounds
and apply & system to recover these products and in from

Bleck Liquor
the meantime the spent ash waste is going on contin-

ually.
(4)
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The spent ash as we find it is in the rectengular
leeching tenks (six tenks 9' x 8' x 7') ready to be
washed into the sewer through outlet pipes in the
The Spent
bottoms., Obviously the first problem is to get the ash Ash as Ve
out and into & convenient place as cheaply &s possible. Find Tt
Shovelling by hand is not to be considered , and a
screw conveyor would be eclumsy in & tank with a false
bottom.
The answer is that the ash must be washed out as  Removing
the Ash
is the practice at present. Despite the fact that
some of the ash is very finely divided , it can be
caught on & screen efficiently due to the larger particles
forming s filtering layer and helding the smaller
ones back, The water will run through a filter of this
sort with great rapidity.
The rate of filtrution of water through an ordinsary
Rate of
Buchner funnel wes observed. The funnel was then pack- Filtering
ed with & layer of ash 2" thick and the rate watched. the Aeh
No apprecisble difference could be detected.
A suitable means of cstching the ash is shown in
Fig.,A, The ash is washed on the screen, allowed to
drain sufficiently, and the relatively dry ash taken The Screen
out by means of the screw conveyore. This system has
the advantage that only one screen is needed since one tenk
is dumped every four hours,

The spent ash when handled in this menner will
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weigh around 70 tons per day of which about 59 tons

is water. JDue to its very porous structure the ash Necessity
for
cerries an enormous quantity of weter. This water Drying

must be removed before the ash can be utilized in
any waye.
The ash when spread out sufficiently was found to
be dried by the air to I-2% moisture under the best
Drying
conditions., However when allowed to drain in the tenks the
Ash by Air
the ash will still hold at least 400 % moisture.*
It ig evident that neither of these methods is com-
mercially applicesble.
A liberal sample of the ssh was centrifuged for
five mirutes at 750 R.P.k., tvrned,and centrifuged
for five minutes more., After this treatment it still
conteined 233 % moisture. It is doubtful whether the
Drying
moisture content could be reduced materislly further the Ash
in a
than this by using a centrifuge having s gresterp Centrifuge
speed. G.H.ElmoreI admits thet his continuwous centrif
uge operating at 3000 R.,P.M. will reduce the water
to only 70% (wet basis). Sutermeister- states that
65% (wet besie) is the best result obtainable by
this means.
The only means left to dry the &sh to & usable
Experiment-
state is the application of heat. In order to invest- g1 Drying
igate the rate of drying & small brick oven was built.

Plvue ges from the boiler house stack of the Eastern
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Menufscturing Company was drawn through the stack
by means of & blower. The wet ash was placed on &
tray of fine screen wire to insure the flue f
ges having good contact with it, See Fig, B,

Wihen the first run wes mede the gas flow was fiz=
ed and samples of the ash taken &t reguler intervels

Surfgce

from the beginning. The rate of drying wes found to Evaporstion
be according to Gurve (I). The ash is so porous that
the moisture difiuses through it with great rapidity.
This makes part of the drying dependent on the ability
of the gas to eveporate the water from the surface
of the particles. This stage in the drying is repre-~
gented by the straight line AB , Curve (I),

The phenomenon of surface eveaporation is ordinam

ily represented by the equation:

log W, /W = K 9

b £(V)AP/L

where K

Initial weter content of stock

Pingl weter content of stock

A constant

A constant depending on the size

of the particles

Function of the ges velocity

past the material

AP = Difference in vapor pressure
of the water on the surface
of the particles and of the
water in the gss

6 = Time of drying

Ho' 5=
T )

£(V)

(7)
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It would seem thet AB should not be & straight

hi
line due to the AP changing in value a&s the drying
progresses, This is accounted for by the faet that

there is such an excess of weter on the particles Explsnst=
ion of the

thet the evaporation only lowers the remsining Straight
Part of

moisture to the wet buld tempersture, and keeps it Curve

there until the critical point is reached. As the
humidity of the gas remains constant and the temp-
erature of the water on the ges does not change,

P can rot change, the vepor pressure being depend-
ent on the temperature. The gas velocity is not
altered, therefore K becomes & true constant and
the line AB , Curve(I) , must necessarily be str-
aight,

However, after the moisture content has reeched

8 certain critical point the diffusion begins to

slow up very quickly. Surface evaporation becomes The
Diffusion
rapid as compared to diffusion, consequently the Stage

rate of drying becomes dependent on the rate of
diffusion. This remains the case until the mster-
il is thoroughly dry. The section BC of the curve
represents this diffusion stage.
The first run showed the criticel point to be
st 50% moisture, but the second run, underteken The

Criticel
for the purpose of getting this point more sccurate- Point

1y geve 30% .
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It was suggested by lir. larchar, Superintendent
of the Soda Division of the Penobscot Chemicel Fibre

Company, thet the spent ash be centrifuged, mixed Suggestion
on the
with coal and burned in the boiler plant which uses Centrifugsal
-ly Dried
I50 tons of cosl per day. G.H. Elmorel claims that Lsh

his continuous centrifuge , which reduces the moisture
content to 233 % , Will deliver the ash in s condition
ready to burn.

With these statements in view an attempt was made

to burn the centrifugelly dried ash on a blacksmith's

forge in order to secure varying drasughts and to Buming
of Centri-

epproximate a8 closely as possible the conditions fugally
Dried Ash

found in a furnace. A thin bed of live coels was
spreed on the forge and several handfuls of ash dis~
tributed over them. No combustion was developed with
& good draught, and a very poor one when the draught
was strong enough to blow the fuel off the grate.
This proves conclusively thet the ash dried in this

manner csnnot be used slone in a furnace,

Wihen mixed with equal parts of finely divided
coal used in the boiler plant of the Easterm Manufact Combust-
uring Company, the a&sh burned much better although igﬁ %{th
not very freely except with a very high blast of air, Coel
It is very doubtful whether this mixture could be used

successfully in & furnsace.

()



Using the ash dried in the centrifuge in this
menner would meen & loss of 0.0I5I x I50 = 2,26 tons
of ash per day, or 20% of the totsl amount saved.

This is clearly too much of a loss to be neglected.

The

Whether the ash should be dried by heet, by centrifuge, Question

or both resolves itself into & question if +the
large dryer cculd be instelled and operated at less
than the centrifuge, and the smell dryer and Centri-
fuge at less than $ 16,00 per day.

There are also other factors which come into
consideration other than the apparent monetary sev-
ing. The centrifugelly dried ash is damp, easy to
hendle, and will not fly off as dust. However, it
cennot be used alone in & furnace but must be hand-
led slong with & larger Quantity of coal, The heat
dried ash while it will support combustion readily
enough is finely divided, light, difficult to hsnd-
le, and hes a strong tendency to fly off as dust,

I+ was planned originally to use the weste heat

ir the gases going up the stack from the incinerators

to do the whole work of drying but cealculastions
( See Appendix ) show that there is insufficient
hest in them to vaporize the 60 tons of water per

dey present in the ash.

(1%)
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While there is & greast excess of waste heat in
the steck gas from the boiler room to do the whole
work of dryirg, it is in & very inconvenient plsace

due to crsmped floor space and to its remoteness

from the leaching tanks., There is slso the added Dissdvan=-
tage of
difficulty of altering the draught in the stack Using
Boiler Stack
by cooling the gases materially, although this Gas

might be remedied by the blower. The length of such

g dryer would be prohibitive. At best it would be

& dangerous experiment to alter such & vital part

of the plant as the boiler room., .
Despite the comparatively large smount of moist-

ure in the steck gases from the incinerators there

is plenty of heat to dry the ash whiech hes been thr-

Adventage
ough the centrifuge., This method slso has the sdvan- of Using

Incinerstor
tege that the dryer could be conveniently loceated Gas on

Centrifuged
next to the leaching tenks where the incinerator Ash

flue ges would be easily accessible.
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In the ratio of one part of ash to five parts of
coal the ash burned well even with & very low draught.
A good fire could be meinteined with this mixture.

In the ratio of one to fourteen,as the ash would be
used 8% the Penobscot Chemical Fibre Viorks, the
mixture burmed as freely as cosl alone. A few cal-

culetions will throw considerable light on this

metter,

The P«C.F. Company uses I50 tons of coal
per day.
Assume:
Steck tempersture -- 600° F
Heating value of coal -- 14,000 BeT.U./#

Loss from
IT tons of ash carrying 25,7 tons of water Burning
N Ash
e Dried by
o Centrifuge
(5&0)()
25.7 | 2000 [ 1000 + 600 X .4 | 100

(139 + II) X 2000 X I4,000

J

tons ‘onts
<coa Ash 250 deat Uy,
orn7
of coal
ang ast
= 3,180,000 = 1.5I % of heat in total

2,104,000
fuel to vaporize and heat

the water with the ash.

0.,0I58I I50 7 = § I5,90 fuel loss per day
73)



Comparison of the Three Drying Systems

Assunme:

Estimstes

The ash is to be burned in the boiler room,
The value of the ash is $7 per ton.

There are 300 working deys per yesar.

The price of labor is $3 for 8 hours.
Pixed charges are 30% of the original cost.

Drain Tenk
Centrifuge
Rotary Dryer
Blower
Storage Bin
Pump
Conveyors
Motor
Installation

Depreciation ====e== I10,0%
Interest ~=—ee=m-- - 6.,0%
Superintendence --~- 6,0%
Texes ===-—wcmcmacaa 2.,0%
INSUTrance ======mm== 0.5%
Repairs, etec, ===a=- 5.5%
30,0
Eguipment Cost
Single Single Dryer and
Centrifuge lLarge Dryer Centrifuge
$ 1,000 $ 500 $ 500
3,660 3,000
8,000 5, 000
3,000 2,000
400 400
200 200 200
I,000 2,000 1,800
500 750 I,000
800 4. 000 3,000
~5,500 18, 850 16,900

@

Comparison
of the
Dryer

Systems



Yearly Costs

Single Centrifuge-
Labor - 2 shifts -~ 300x2x3

g 1,800

Pixed Charges - 6,500x0.3 1,950

Loss in Value of Ash -
IIx7x300x0.2

4,620

8,570
Single Large Dryer-
Iabor - 3 shifts - 300x3x3 - 2,700
Pixed Charges -18,850x0.3 = 54655
8, 355
Smgll Dryer and Centrifuge - éﬁggié
Labor - 3 shifts- 300x3x3 = 2,700
Fixed Charges - I6,900x0,3 = 5,070
7,770
Velue of 4sh - ' $ 21,000
Cost to Utilize Ash with
Smgll Pryer snd Centrifuge - 7,710
13,250
Yearly Saving $ 13,320
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As the estimetes and & study of the various
features of the different systems show the use of

the centrifuge and small dryer is the best and most

1 The

most economical plan. For the sentrifuge an Flmore~ Centrifuge
continuous mschire is reccommended to be used two
shifts during the day, and by the night shift when
the acsh begins to sccumulate. The 24" mechine seems
to be the best size.
A countercurrent, retary dryer (50' x I2' dia,)
which will use all the incinerator flue gass is the
best dryer for the purpose. ( For calculstions in

design see Appendix ). A countercurrent dryer is

preferred beceuse the gaces are not hot enough to

The

injure the &#sh in eny wey, the drying is more Dryer

efficient, and any of the light, dry particles

being blowr out by the gas are caught by the heavy
wet particles at the other end. There should be
lifting plates at the wet end tapering off towsrd the
dry end where there are none., This will keep the wet
ash continually in the air, but as it gets lighter
and dryer it will not be thrown so high., The ges

velocity (5'/sec.) is low enough so there is no

danger of the ash being blown out,

(r¢)



The heating value of a representative sample

of the dried ash was determined with =& bomb csl-

Heating
orimeter. The result was higher than that of most Value
) ) of the
coals : I4,000 B.T.U./# on = wet basis - I% moist- Ash
ure. The sample ran about 3.8% minerasl salts, ash,
etc, and 96.2% carbon.
Since the ash when dry is rather hard to handle
Briquets
1t was thought that this difficulty could be elim-
inated by the use of some cheap, combustible bind-
ing material to hold the particles together in the
form of briguets.
Since the ash was at a sods pulp mill the heavy,
viscous 40° Be black liquor seemed to be the mater-
ial best suited, As it contains a large amount of Black
Liquor
valuable soda the ash resulting from the burning as
a Binder

of the briquets could not be thrown away. If the
briguets were burned in furnaces supplying the flue
gas to the incinerators and the ash carried down
with the black ash to be leached, it would be a
closed cycle with no chence of sode being lost.

When COZ is passed through bleck liquor part of
the organic humus meaterial is precipitated in the
form of a thick, brownish black tar whiech 1s soluble

in water., It seemed feasible to use this materisl

a7



as a8 binding agent, using flue gas of course to

precipitate it, In the event $hese two materisls Ter from
Black Lig-

did not answer the purpose waste sulfite liquor uor; Evap-
orated Sul-

from nearby sulfite pulp mills might be evaporated fite Liguor
down to the right consistency so that it could
be used.

All of the above liguors contain sbout one half
the heating ¥alue of the original wood so an added
fuel value should be given to the ash. As s last
resort common binders such as coal tar soft pitch,
asphaltum,etc. could be used.

Briquets were masde in the laborstory from the
dried ash (I-2 % moisture) and black liquor, the
tar precipitated from bleck liquor, and concentrat-
ed sulfite liquor. The briguets from black ligquor
and the tar were very weak in structure, too wesk,

Results
in fact, to be handled without drying. The minimum from

weight of black liquor which would hold one pound Briquets
of ash together was 2.9 pounds. As the ash has prac-

tieally no moisture and the black liquor is 61,3 %

water ( 38% - wet basis ) this means that there

would be I.I pounds of weter to every pound of ash,

The tar also carries a large percentage of water

which explains why neither of these types of brig-

nets would burn. The sulfite liquor briquets were

much stronger but did not burn at all well, All of

(18)



these types of briquets were very strong and burned
well efter they had been thoroughly dried.

It is obvious thet briquetting with these liquors
is not to be considered commercially because of the
necessity of drying both the ash and the briquets. Conelusions
If spent ash is to be brigquetted the binder must be
coal tar soft pltch, asphaltum, or some similar
material,

In order to study the combustion of the dried ash
a small brick experimental furnace was built with
e device for blowing in the powdered ash,(Fig.C)

Experimental

The air wes brought from a compressed asir tank by Purnace
mesns of & rubber hose. The injecting device for
sucking the ash from the hopper is shown in the
drewing.

At first considerable difficulty was experienced
in getting the furnace to operate with either pow-
dered &sh or coal, The air pressure ( 30if gage in
the reservoir ) was not enough to burn either the
ash or coal, When the pressure in the reservoir was Preliminary
gotten up to 60# the coal burned well , in fact,
a sheet of flame could be made to shoot several feet
out of the furnsce. The air pressure fell down to
30# agein, and an sttempt wes made to burn the esh.

A large part of the ash was blown out of the furnace

The particles which burned did not do so with =&

a9



flame but merely became incandescent and burned slow-
ly. With conditions as they were the best position

for the feed pipe was pointing downward at an angle .
of 20° into a pile of incandescent ash, Conelusions

The preliminsry run showed two things:

I) the furnsce a8 used did not have enough combustion
space; 2) & strong blast of air was necessary to burn the
ash,

The next step was to make the combygstion space
about three times its former size by putting a large
sheet iron pipe in the furnace. It was then planned
to mcke & comparative run of ash and coal for a
given length of time. The coal and the ash were weigh- *
Preparations
ed, and & gas sampling tube and thermometer were
placed in the end of the flue. Enough information
could be obtained from these dats to make & good com-
parison between the ash and the coal as f£uels.

nfortunately the only thermometer available
(950° F) was not large enough to measure the gas

tempereture, so the quantitative value of the run was

partly spoiled.

{zo)



Comparative Burning of Cosl snd Ash

Ash
Weight of Ash--- 7#

Sereen Analysis: )
15-20 mesh 1I3,5%
20-60 mesh 36,55
60- mesh 50,0%

Moisture =---- 1,2 %

Reservoir Air )
Pressure -~ 70+

Averasge COp in 3
Flve Gag == 9460

Flue Gas Temp. °F
at & minute intervals
5560
575
700
760
b5
800
850

Off Secale

Coal
Weight of Coal ---7#

Screen Analysis:
I5-20 mesh 4I%
20-60 mesh 37%
60- mesh 22%

Moisture ----- 3,0%

Reservoir Air )
Pressure -- 70+

Average COp in ,
Flue G&S bt 6.7‘}0

Flue Gas Temp. °T
at % minute intervals

bbb

670

680

590

600

615

626

635

6560

660

675

700

726

70

800

Of% Scale

(1)

Comparsative
Burning
of Coal

and Ash



Despite the fact that the ash was fed in at &
slower rete than the coal due to its greater volume
the gas temperature of the former rose much more
repidly than that of the latter. This mey have
been due to some extent to the difference in the
size of the perticles of the two,

The 9.6 % CCp in the ash stack ges is not bed
combustion practice even for cosl. The excess air
represented by this anslysis is spproximately:

20,9 - 9,6 X 100 = 11,3 = II8 %
9.6 9.6

Considerstion must elso be taken of the fact that
on & small scale the fuel feedﬂis unavolidebly in-
termittent.~On a larger scale with & better feed-
ing device the % COg would no doubt be higher.
This proves thet & large excess of air is not need-
pd for the combustion of the ash,

The combustion of the cosl was not very good
gs 1s shown by the low percent of COy (6.7) and the
slowness with which the gases incressed in temp-

ersture. This was csused by the poor feed of the

Difference
in Gas
Tempersture

Stack Gas
Anglyses

Combustion
of the
Coal

coal which had a tendency to pile up and then go into

the injector in large smounts,

(Z2)



Cn the other hand the combustion of the s&sh
was excellent, This time the &sh burmed with & free
flesme which could be made to shoot f£rom one end of

the furnaece to over & foot out of the other,

( The furnace is 8'4" long and the cross section Combustion
of the
of the combustion spece is 68 sq. inches,) Ash

In this run the best position of the fuel feed pipe
wes &t the top of the furnsce pointing slightly
upward. The gases were very hot, the control was
easy, and there was only a negligible quantity of fuel
blown out of the furnace.
This proves that the ash will meke an excellent
fuel either as & powder or on the grste, only two Conclusions
things being necessary, namely, & strong dreught

and sufficient combustion space.

(x3)



* A11 the moisture percentages in this thesis are
expressed on the dry basis unless otherwise
stated, By dry basis is meant the pounds of water

divided by the pounds of stock times one hundred.
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SPENT ASH AS A DECCIORIZING AGENT FCR SUGAR SOLUTIOKS




Upon examinirg the light, porous particles of
spent ash or organic cerbon, the first thought that
occurs to one is that it should meke an excellent
decolorizing agent. However it is contamineted with
I - 2% NapCOz , small amounts of NaCl and NapSO4 Survey of
which render it unfit without tresatment for the fonditions
sugar industry, the biggest user of decolorizers,
It seems a comparatively simple meatter to trest the
ash with acid and then wash these salts out.

The time available for this work was necessarily
very limited so not enough dsta was obtained to mske

Limited

any definite statement. However the few results Time
obtained are very interesting, and it is hoped will
be an incentive torfurther work slong this line.

A quentity of the ash was washed, dried, ground
finely, treated with dilute HNCz , and washed again

Treatment
until it gave & neutral reaction with phenolthslein of Ash
and methyl orsnge. It was then air dried to I-2%
moisture.

Standard color solutions were made up by carmel-
izing 8 quantity of sugar and diluting it with water.
The colors ranged from thet of pure water #0 to
#16, a dark opsque. Standasrd Grade A bone cher was

obtained from the Revere Sugar Refinery to serve as

a basis of comparison. Equal volumes of the same

(%5)



carmel solution were treated with the same weight of
ash, boiled for the seme length of time and filtered, First
Attemvts
the time of filtering being observed. The solutions
before and after treating were compared with the
standard and the difference noted.
Considerable difficulty was experienced getting the

ash solution to filter clear. After several sttempts

this method wes abandoned. The results seemed to Results
Using Same
show that the same weight of ash decolorized a sugar Welight
of Ash and
solution much better than the chsr. If this is true Char

it is due no doubt to the more intimate contact of light
vorous ash with the solution than the heavy , compar-
ativelv non vnorous boﬁe char.

Two Buchner funnels ( inside dimensions: 4I/8"
diameter and I 5/8" deep) were filled with bone char
and ash both over 20 mesh. Various carmel solutions
' Same Volumes
were boiled and poured through the two filters. Used
( the same volume of the same solution in each case)
the time of filtering observed snd the filtrates
compared with the standard.

It was difficult to measure the time accurately

but it was taken from the second the solution was voured

in until the so0lid stream issuing from the funnel Time
of
was broken. As the time of contact is sn important Contsct

fector this insconrsey msy paertly invalidate the

comparisons.

The results of the tests are shown on Curves

€z¢)



ITI and IV, In both caces there appears to be little
difference &t the start between the ash and the char.
On second use the char gppears,the better and then
falls back with the ash. Consideration should be

taken that in every case the time of contact of the ash
was less, and that 3b5g. of ash was used against 300g
of char. This would seem to indiecate thet the ash is

an excellent decolorizing agent. However. whether

it ecan be revivified and used over and over again

as the bone char is not known. If it oan it seems

that it should have & bright future in this field.

(27)
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APPENDIX



Quantity of Ash Avsilable per lay

# NeoC0z recovered per dey = 72,000
Ne,00, in Black Ash = 74 %
|
+ n/a,% /a",/ WQA
¥

f

72,000[ Q.26 = I2,6 tons
0.74 2000

Incinerstor Stack Gases

Velocity = 30'"/sec. Temp, = 425°F

( "These two facts were taken from a report on

" The Chemicel Losses end Bfficiency of the
P.C.Fe Co. Soda Mill" of June 27, ISI7 by
Henson end Wylde - Bangor Station. )

Assume:
4% moisture in the coel fired.
25,000 gal. of black liquor per day.

Anslysis: 61,7 solids
13.6% Na

C
54.7% weker ( wet basis)

39,4 Be.
0.8 specific heat

\ ¥
4 $
o

72,000 | 62
A56 106 1.373 % 62.4

formule for lignein is Cs9 H, O11
(30)

I1.373 specific gravity

75 = 27,000



25,000 62.4x1,373 | |
Teb 24x60x60

1,27 # water/sec. from black liquor in flue ges.

Total solids - Nag 0 = 6I.7 - IB.6 = 48,1 % lignein

Moleculer Wt, Lignein - 700 = 22 mols. water

£5,000 62,4x1,373 0,48F | I18x22 -
7.5 700 24x60x60

0.90 # water/sec. from lignein in flue gas.

6 tons of cosl sre used per day in the furnasces
of the incinerators,

)

"
a‘k‘p ,p,\\'y
0.05| 6| 2000 = 0,00695 #water/sec from coal.
24x3600 Vot ail e witlin Snd adowro

I.27 - 0,90 - 0.0I = 2,18 # water/sec. in the f.g.
at 425 - 2I2 = 2I3° superheatl

Specific Volume of water at I4.77 pressure and
2130 superheat = 36.0 cu. ft. / #.

2,18 x 36 = 78.5 cu. f£t. water vaepor / sec.

(31



The incinerstor flue is 5' in diesmeter.
30 xn x 5° T 590 cu. ft. of wet flue gas / sec.
4
590 - 78 = B5I2 cu. ft. of bed. fogs / seC,

Assume the dry flue gas I0% COz.
@

= 0,793 mols f-gc odry’ /SGC.

Cop No weter eep
Heat in I mol. at 425°F 3680 2700 3280 B.T.U.
woun " vo2Iz2 1640 1220 I520
2040 1480 I760
2040 x 0.793 x 0.1 = 162
1480 x O.795/x 0.9 = IO?5
I760 x 2.17/18 = __2Ig
T429 B.T.U./ sec. above 2I2°
in the fogg
t
2000 | I¥22 = 93,600 BeTeUs/min, to vaporize
24x60 all the water going with

the wet ach.

1429 x 60 = 85,700 B.T.Us/min, in the ineigerator
ges above 212°,

B2



Design of & Dryer for Operation with Centrifuge

The centrifuge will red#ce the moisture con-
tent to 233 %.

IT x 2,33 = 25.6 tons of water to be removed per
day of 24 hours.,

Assume thaet sll the drying is by surface evaporstkon

4250 — 320 ©
————
2500 = 60°
\A
R / At, =240
25,6 2000 1156 = 4I,I00 B.2.U./min. to
24 x 60 of heaet to and veporize
l et i 3200F

II | 2000 | 0.2 | (200 - 60 ) = 428 B.T.U. to heat
24 x 60 the ash to 200°

COg No Vieter Vap.

Heat in I mol &t 425o 3680 2700 3280
Heat in I mol at 320° 2640 2000 2400
1040 880 700

1040 x 0,793 x 0.I = 83
700 X 0,792 x 0.9 = 500
880 x 2.I8/18 = 107

690 B.T.U./sec, in ges
above 3200,

690 x 60 = 41,400 B.T.U./ min.

(33)



Dgta from Experimantsl Dryer

Volume = 1,36 cu. £t,

Time to dry from 233% to 3% moisture = 40 min,
Amount dryed = I# ash carrying 2.3 # moisture.
Gas velocity ( by anemometer) = I6'/ sec.

Assume:

Average boiler flue gas temp. in the dryer

= 45Q0F, Such a large volume of gas passed
through in relation to the wt., of ash dried
that the gas temp. could not vary much.

Aversge temp., of drying ash = IQ0°F

The ash went in the dryer at 60° and upon

coming out could be held in the hand wigh-
out discomfort. Therefore aver, t= 350 .

Coefficient of heat transfer in the actual
dryer to be directly proportionsl tothe
gas velocity. While this is not strictly
true the assumption is on the conservative
side,

The gas velocity in the dryer should be around
5' per second., If larger the lighter particles
of ash will be blown out of the dryer.

Q/6 = ha Vat
where Q/6 = B.T.U. transferred per minute,

hs = Coefficient of heat transfer-
( BePeU./min./cubic foot/PF temp.diff.

At = Average temp. difference.

V = Volume of dryer in cubic feet,

2,3x1000 = ha x I.36 x 350
40

ha o121

JI21 x 5/16 = 0,038 coeff. in sctual dryer.

(3%



41,000 = 0,038 x V xA t,(240)
\') S 4500 ocu. ft.
Gas velocity in 5' diameter incinerator stack at
the P.C.F. Works = 30'/sec.
Dismeter of cylindrical dryer for 5'/sec. gas velocity.
= 30 x 55/6 = I2' Cross section = II3 sg.ft.
4500/113 = 40"
Applying & 25% safety factor on volume:
40 x I.256 = B0' length of dryer.

Safety factor on heat = 85,700 - 4I,I00 = I09%
41,100

Excerpt from a letter from the American Process Co.
68 Williams Street, New York City:

"To handle say I000 Founds per hour of
spent black &sh residue (porous vegetable car-
bon) ecarrying say 80% initisl moisture and
drying ssme to approximately5% final moisture
would require one of our Special VI-C Dryers,
which we could furnish for $4725,f.0.b. cars,
Philsdelphias, Pa,,consisting of cylinder with
rolled steel tires, running mechanism,sheet
steel feed chamberwith gas flues, feed chute
and angle iron supports, also one steel plate
exhaust fan with water cooled bearingSecees.

We are offering an outfit of ample capacity
the eylinder being 50' long.

essesile have handled this materiel in
our direct heat dryers and know just what it

is. oooooo.t

(36)



Calculations on Equipment Sizes

Pump-
Assume three times the volume of one tank to
wesh it out,
Simple rotary pump.
9 x 8 x7x3 x 7,5 = 189 Gal./ min.
The capacity gg the pump will be 200 G.P.M.

It will empty & tank in one hour. Cost $ I50

Drain Tank-

This tenk should have three times the capsescity

of one of the leaching tanks to provide for the

centriguge being idle one shift,

Volume 3x9x8x7 = 504 x3 = 1512 cu. ft.

Dimensions: I2'wide by Ib' long; 8' deep on

gide, I0' in the middle,

Bquipped with an 8" screw conveyor.

Bottom made of perforated steel plate, punched
with 3/I6" holes.

Centrifuge-
Elmore Continuous; 24"; 800 cu. f£t./hr. capacity
35 Horsepower required.

Ssorage Bin for Dryer Feed-
Capacity - one leaching tank 0 = 500 cu. ft.

Equipped with screw conveyor.

(3¢



Blower-

600 cu. ft. / sec. = 36,000 C.F.P.M.

Power required = 5 HePe ( Prom the estimates
In catalog 16 of the Ruggles Coles Engineering
Compeny of New York City%

Opersation of the Proposed Recovery System

After the black ash hes been thorcughly lesched
the leaching tank is filled with water, the proper
valves opened, and the slurry pumped on to the drsin
teble. With the size pump reccommended this operation
will take under an hour. While the ash is draining
the screw conveyor takes it to the continuous centrif-
uge which reduces the moisture content to 233%.

Upon leaving the centrifuge the ash is thrown into
e dryer storage bin by the bucket elevator. The drsin te
table holds three tankfuls of ash orIB8 hours production
ef as to provide for any shut downs of the centrifuge.
The dryer storage holds one tank or enough to keep the
dryer going for 4 hours. The wet ash is fed into the
dryer by & screw conveyor. It comes oub with 2-3%
moigture and falls on the belt conveyor which takes it
at once to the boiler room where it is piled ready for

burning. See Fig., D,

(37)



Standard Color Solutions

0 (colorless) to I6 (dark ovagque)
Ratios below are c.c. originel carmel solution to
c.c. water.

#I- ,00625:I10 #5= ,04:10 #9- .20:10 #I3- .60:I0
2~ ,0I25 :I10 6= ,05:I0 I0- 30:I10 I4~ .75:I0
Z- .02 :I0 7= ,075:10 II- .40:I0 Ib6-I.0 :IO
4~ ,025 :I0 8- LI0:I0 I¥- .50:I0 1I6-2.0 :IO

Runs

I0 g. Black Ash in 200c¢.c. of #I3-I4 solution
I0 g. Bone Char " " n " "

solutions bailed for I5.5 min. each: filltered.
Ash filtrate ——~c-ececmem- 7 II
Char filtrate ----mem=ceemaaa I3

# 35 g. Ash in Buchner funnel 4 I/8" dia. x I 5/8"
deep.
300 g. Char « " ] " " "
Both ash and char over 20 mesh.
200 c.c. solution boiled and poured through the

funnel.

Solution #7-8 Solution #13
Ash filt. 2-3 35 sec. Ash filt., 9-I0 25 sec.
Char filt, 2 3b sec. Char £11t.9-10 30 sec.
Solution 9 Solution 1I4
Ash filt. b 30 sec. Ash filt IO-II 23 sec.
Charyr filt. 2-3 40 sec. Chaer f£11t 12 38 seoc.

New batch same quantities &s above.

Solution # B Solution # 7-8

Ash filt. 0~I1 1Ib sec. Ash filt. 2-3 2b sec.

Char filt. I 25 sec. Chsr filt. I-2 40 sec.

Solution over 16
Agsh filtrate 13-14 16 sec.
Char filtrate 14 20 sec.

(2F)
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