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I. Introductione.

Filtraticn is tlie nrocess of sevarating the solids from

a mixture of solids and ligquids. This is done by allowing

g the
liguid to flow through a porous mecium whose orficss are not
large enough to allow tie passage of tie solicds. Tiosre muet
be some device to support tie medium as well as a differernce
in pressure between the two surfaces so as to force tie liqui
throughe.

The most comron of tlhie various typzs, 1s the fiiter
presss There are two general tyoves of the filter press, the
recesesed, and the plate and frsme press. The olate 206 freme
prees (fig. 1) which is tiie more comron of tlhe two tipes con-
sists of a series of plates, (fig. 3), which are ribbed in
one way or anotler and support tle Iilter mediuwm; and Ireres
wi.lvhh are nollow and afford spece in wiiich trhe czxe builds up-

These plates and frases are so arranged tuat The feed cuenrels

H

on all frames are vleced¢ in tlie same line aud tie discLarce
crhannel of the vlates are placed in line cdiag-onally opcosite
t-e feed channels. One cloth is placed on each nlate surfece
anc holes are cut in tihe filler cloths correspondinz to tre
feed and discharge channels. The slurry comes in trhe feed
eand tre filtrate leaves tirough the discherge chaanels,y tle
prercipitate collecting on tic filter cloth.
Other comunon tyvnes of Tilters are tlie centrifuce and

suction filters (fig.3). Suction filters are of ti:e filter

ved, leaf, (fig.4) and rotery types and tleir various rmodi-



ficeticnse.

The selection of any type despends ugon tiie churzcter of
the slurry to te filtered. Only crystallineg solids con Te
hancdled efficiently in centrifu al wachines. Very collocicel
precipitates filter most reacily on pravity filters, etce.

Generally speeiing, slurries wiich filter at a Li L rate
are filtered in large chamopers. That is, tie ratio of slurry

Bl N
i1r1%er

ras

to Tilter arca is lar;e. Wunere slurries are lard %

]

tie clarbers are not tuicker than orne inchi. That is, the

ratio of slurry to filter ar.2 is swall.

o

Washing of the filtere=d cake is @lso a big vroblem.
Teghingy is carried on for two reasons, elther to rzcover e
valuable licuor from the solid porticles wiich retein it o
to free tle urecipitate of the motisr liquor or of iupurities
in the motkher liquore. There are two cenceral methols ol wegh-
ing the direct wask end ti.e counter flow washe The direct

+

wzeh consists of forcing tue wash water throuca tie fesd clian-

nel. The disadvantage of thils wetlod of wasilng 1s donyer of

~

cranneling, thus leavin parts of tle ceke tlhat aze nct pro-
verly wrsied. In :ost coses tiz counter flow wasli 1s usec;
but with sowe cates tlhsre is Jan.er os incomplete wisiins due
to cracking or tie cake. Tue success in weésuing a cike pro-
rerly depends greatly upon the filtration techinigue.

"Given the filtration conditions snc tie desi:m of &

filter what volume of Tiltrate cin e ocbtained in a cefinite

length of timel?""

8
Cl
[6))

e
“Bedscr and cCabe--Elexents of ZShiene Enge=—=-D



"¥hat volume of wasih weter cin be passod throo b tie
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definite lengzth of tim=s? Mat will be ti:

o)

e in
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¢
shilp btetween concentration of racov:zrad :cterial in tle weeh
water and t.e amount of wagh water used?"

"Theoritical solution of these questions isg retnrced Ey
the fects thzt different sludges vary creatly in characteriss-
ics and the resistance to flow o7 any o its extrenely senci-
tive to tewmperature, rethod of preparztion, and a2 e. It is
very c¢ifficult, especially with collodial slud.es, to dupli-
cate results wit..in several huncred ner cent, even wien 4dif
erent bztches are prepared uncer apparently identicel conci-
tions."

Tiiese staterents a8re ta¥en “rox Elements of Suexical

~

er ond LcCabe (2). However, I am in-

m

Encinsering by Bads
clined to believe that results cin ve made to clheck 1f In
filtration cycle is pronerly curricd out. Filtration re-
quires great cere; and tue terperature, pressure, and nlec-
ing of filter redium should ve cnrefully re.ulcted.

In industrial practics tliz methiod of r-rep-ration of a
glurry and age, in most ceses 1s & winor provlem in filtret-
ion. It is true thiet the characteristics of some sludies vayy
some from time to time. However, thece slurries are a nart
of 2 certain chernical process wniich is carri.d on in a cer-
tain way from cay to way uncer the same conditions, thus th
varistion in character should be very slight. Age does Lave
a great effect upon filtration but industrzlly, the time slur-

<

ries stand btefore filtering is generally about tiie szme, from



day to day.

If filtration is proverly carrizd out it sliould not bve
nard to check results much closer t.an several Liuncred ver
cente

The slurries used in t:is work were selsctei as renlre-
sentative slurries of tle comprsssible non-homo,.eneous tite.
These slurries were made up in sxall pstchics of avoit fifteen
~allons. Althou.h tihe quantity wes rather small, I wos fcecrced
to co so because of uy inacility to cieck resulis w.cre lerge
cuantities were :acd:s up, and one slyrry stood lonaer tuan
anotler.

All of this work pertaining to filtration tuacory Les been
done in conanection with the equotions ¢f Talker, Lewls and le
Adcms (1) and Badeer and tefabe (2). It hes been 2y object to
show the inefficiencies of these ecuations as well as the ex-
tent of involved tneory wuichtthey erbody. It is almost imposs-
ivle to get a tlhorouzh understanding of these equations with-
out an unusual tlheoritical w:ind.

The real importance of a filteztion equation is in afford-
ing a means of determining the arsza of filter surface recuired
for any definite amount of sludg;e ana tihe time required to
carry out the Tiltreation cycle. Although I realize that trese
ecus tions could give a rou:h estimate in predictinz filtering
times, they do not meet tis requirenents of ordinory incdust-
riel practice. It is with this in mind that I have developed
the ectvations wiich will follcw in onc of the chavters of this

-

thesise



II. Laboratory Experiument.

A. Prevaration of Zlurries.

The first slurry usediin this work zné one wihich repre-
sents the non-nomogencous cless of eludyes, consisted of cel-
cium cerbonate and aluminum hydoxide.

Tahis slurry wes :2de by dissolving 12 celcium chlo-

rice and 3.3 aluminum chloride in 48.7 of water and acdiin

(6B

this solution to a solution of 10.85 socium carbonate in
53.1 of water. However, the calcium cilcride uscd were not
rure meterial anc ti¢ slurry was made up accorcding to -

folZcwing table:

Table I
Solution A Parts of Actual Wt.
Pure Compouncse. in Pounds.

Calcium ChLlordde 10.0 12.8
Aluminum Chloride 1.82 3.3
Water 48.7 43.7
Solution B
Sodium Carvbonate 10.95 10.95
Water 53.1 53.1

Total Weight 128.65

Solution A was slowly added to solution B with constant stir-
ring. The resulting slurry was allowed to stand for at least
twelve hours Before using. After the slurry stood for tiis

length of tire, more uniform results could be obtrined, upon

iiltering.



Tiien ever possible or acviesivle esimultrreous exXperimerts

vere tun with a eeccend elurry.

3lurry no.

II consisted cf

sodium carbonate only as tl:e precipitete, wihich reoresents the

nomogenecus cless of slurrics.

similer manner to that of slurry I,

Tiis slurry was made up in a

as follows:

Table II -
Solution A Parts of Actu2l Tt.
Pure Compoundse. in Pounds.
Calcium Chzloride 10.0 12.6
W~ ter 45.0 450
Solution B
Sodium Carbonate S.8 Je8
Water 504 0.4
Tatal Weight 117.6

In the experiments wiiich are to follcw these slurries

will be referred to as elurry I ead slurry II.

Be Bonstituents of each slurrye.

1. Calculated

Slurry
(1)
110
(2)

Cacly + Nazco3

108 115

3Na2003 + 2A1c13 + SHZO

284

a. Per cent 3Solidse.

Frou ecuation (1)

11C:100 =

10.0:x

X 9.1 Ca003

<Nacl + CacO

3
100

2A1(OH)3 + 8ircl + 3004

158 348



From eguation (2)
284:108 = l.62:x
X = 0.98 Al(OH)B
Total Solids 9.1 + 9.3 = 10.C6
Total Wt. of Slurry = 1l28.6
(10.06 : 128.8) X 10C = 7.87°/o
Solids
Per cent Socdium Ckloride
From ecuation (1)

110:118

10:x

X 10.5 Nacl.
From eguation (2)

264348

]

l.82:x

X = 2.13 Necl
Total Nacl = 10.5 + 5.13 = 18.€3
Total Wt. of 3lurry = 1lcB8.8

Per cent of XNacl

12.83 : 128.8 X 100 = 9.98°

Slurry I

Qe

Per Cent Solids
From equation (1)

110:100

10:x

X 9.1 CaC03
Total Wt. of Slurry = 117.€

Per cent Solids

9.1 : 117.6 X 100 =_7.87°/¢



ce Per Cent 3odiur Chloride
From eguation (1)

110:116

10:x
X = 10.E Nacl
Total wWt. of Slurry = 117.8
Per cent Nacl
10.5 : 117.6 X 100 = 3.1°/
Actual
Slurry I
a. Per Cent_Solids _
Wte of 3ample as taken = 9.213 Guise.
Wt. of Sample Dry = 0.7083
Pe. cent Solids
0.7063 : 9.2138 X 100 = 7.89 9/
b. Per Cent Sodium Chloride
AgN0z Solution N/10
98.7 cc AgNO, N/10 neutr=lized a 5cc sarnle
of filtrate.
Specific gravity of filtrate = 1.08

1 cc of N/10 AglO, will neutrzlize .C058 creus

3
of Nacl, therefore,
92.7 X .C058 = 0.E53788 gr. Nacl
0.53763 : 5 = 0.10753 gus. Nacl in lcc
0410753 : 1.08 X 1CO = 9.95°/0 1Nacl.

Slurry II

a. Per cent Solids.

Wte of 3Sample taken = 8.29



Wt. of sarple cry = .68234
Per cent 5olids =
«5234 : 8429 X 100 = 7.5 9/,
b. Per Cent 3odium Chaloride
AgNO3 Solution /10
83.3 cc AgI-?O3 Neutralized a 5 cc saaple of
filtrate.
Specific gravity of filtrate = 1.08
1 cc of N/10 AgNO:5 will neutralize .0053 grse.
of Nacl, tlerefore,
88.3 X 0058 = 42054 rms. Nacl
«4905 ¢+ 5 = 0.0981 gms. Nacl in 1 cc.
+0381 : 1.08 X 100 = 9.08 °/o

Table III
Per Cents Per Cents
Calculated Actual
Slurry I
Solids 7.87 7.862
Sodium Chloride 9.98 3495
Slurry II
38lids 7.87 75
Sodium Chloride 9.10 9.08

Ce Experiments.
Test l=--Dewaterinz by continuous vacuum filtratione.
Conditions---Usinz slurry I with 9.25 ©/¢ Nacl and 7.69
°/o solids. Filtration carried on in a 6 incih buskhrer

funnel with a two liter suction flask.
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Table IV

Vol ume of Feed 1200 1000 750 500
Forming Time- Min. 23.75 17.75 11 5.25
Foxr ming vacuum- in Hg. ) &5 25 25
Drz7 ing time- llin. 4 375 4 23.75
Dr3ys ing vacuum- in Hs. 20 0 o] 20
Calxce Tuickness- incues. 3/4 5/8 7/13 5/186
Wet Cake- Gusy 233 272 183.5 128
Pexr Cent Water 60.5 = B80.3 585 532
Dry Cake Gus. 132.5 108 80.5 £8
To tal Cycle- iinutes 27.75 21.5 15 7.75
Capacity- /3geft./234 hs. 175.3 182.8 183.7 263.8

Test 2. Teching on continuous vacuum filters.

FProvlem; To deterrine tihe displacement of Nacl by weash
water, using slurry I.

Procedure; Thae filter used was a 6" buchner funnel (.088
8Ge ft.) with a two liter suction flask. The suction flasxX was
connected to the wacuum line and 1000 cc of the slurry poured
into the bmsiner fuannel over filter cloth as the filter medium.

The vecuum was built up to 25 inches of mercury ané con-
tinued until tae cake was formed. That is, until 21l the water
Just ciaap 'eared above tue cake. The filtrate was tien removed
ang reasurede Wash water was tiien poured over the cake and
Vacuum built up to 24 inchies of mercury. The washing was con-
tinued until all the water nad passed throught the cale.

Teble Ve
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Test No. 1 2 3
Volume of Feed cc 1000 1000 1000
Formring tinme, lin. 18.75 17.5 17.75
Fox ming vacuum, 1acies Hg. 25 25 35
cc Tash Water 100 200 259
cc TFiltrate 117 208 297
Ratio of wash water to dry solids 1:1 2e331 | 247:1
FTasling time, lMin. 6 11.75| 12.75
Wa shiing vacuwn, inches Hg. 24 24 24
CaXxe thickness, inches 5/8 5/8 5/3
Wet cake in grams 278 363 269
°/o Weter in cake B83+5 859 B83¢3
Dry cake in grams 100.5 90.5 90.5
Total cycle, Kin. 27.75 34.5 35.5
Capacity, /sq. ft./ 24 hrs. 122 93 96
Gms. Nacl in cake after wash 10.3 3.04 0.01
Calc. pms. Nacl in cake before
Washing 21.0 23.81| 24.0
°/o Displacement 51.0 87.1 | 93.96
Drying time, Minutes 5 525 5

Test 3. Washing interamittently.

Procedure: This test was carried out with slurry I. A
liter of the slurry was poured into the buciner funnel and de-
wvatered as in test 1. After the filtrate vas measured, 1C0 cc
of wash water was poured over the coke and filtered through.

As near s possible, the last 10 cc of filtrate was collected



and tested for Nacl. This was then revneated until 800 cc of

wesh water had been added.

Results. Table VI
Time cc Wash Water Titration®
0] 00 185.4
5 101 183.90
10 203 11z2.9
15 301 2.7
20 404 0.8
25 504 0.45
20 606 C.00

© Note: Titration is expressed in cc N/10 AgliOz Per 10 cc

of JWesh Water.

Discussion.

By referring to table III it is seen that the ciolculated
per cents of solids and Nacl are practically tlie sz.ze B tle
actual. Any veriation would be due to some of the sateriels
used not being pure.

The use of a gmall laboratecry apparatus fdr deteraining
rote of filtration would not be accurate but an idea of a cer-
tain slurry's behavior cculd be observed. By referrinz to
table IV a good comparison of the different rates of filtrat-
ion using different cake thiao¥nesses is found. According to
these results the cevacity increases as tlhe cake taicimess de-

crecesess  This does not necessarially nmean that with a thiinner



cake more material could re filtered per twenty four hours,

because of tihe time required to clesan and reciarze the filter.
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III. Derivation of egquations of Walker, Lewis, and lcAdars
and Badger and llcCabe.
A. Discussion.

The equations wiich are to follow have bzen worked out
for tihe most part by Walker, Lewis, and licAdams and Badrer and
XcCabes The books "Principles of Chemical Engineerinz" by
Walker, Lewls, and lcAdaxs and "Elements of Chemical Engineer-
ing" by Badger and lcCabe, have been used as reference and
the ecuation numbers will be tile same as those in the respect-
ive books.

Although these eqmations have been derived oy tl.ece res-
vective autiors, they have not given complete derivations of
ti:e fundamental filtration equctions. In the following veges,
I i.ave attempted to bring out all tue points in tiie derivetion
of tiese eqguations; especially those points which were not tak-
en up by tie respective authors.

Be Derivation of Filtration Equations.

The filter cake mey te eonsidered as eguivalent to 2
series of Eapulary tubes. e passing of a liouid tuaroursi. a
capillary tube is given by Poiseuillds equation:

P=232 UL U
g D°

where, P = pressure érop
A= absolute viscosity of liquid .

L = length of tube.
U= linear velocity of tubee.

D = diameter of czpillary
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For a filter cake of thickness L and area A with k capilleries,

P =233UL U
g D°
or U = pz02
SQZZL
However, , the velocity 1is eguivalent to volume of filtrate
per unit of time.
Teen dv/de = k gx B2 D3 PA
I X 32HUL
or, =kkptpPoa
128U L

"pAltrough tne filtr-tion equations cennot by derived dir-
ectly from tiis ecuation, it helps to exvlain certain tiings in

developing a workable filtration equationl-"

1 Talker, Lewis, and licAdaus--Principles of Chemical Enzineer-
b} ? et

ing---Paze 381.

The ecuation sugrests tiat providing you have an incom-
pressable sludze, the rate of flow is diredtly vrooortional to
the pressure. It also suggests that for compressible coies a
direct proportion between pressure and rate of flow does not
exist. Thie eqguation also suggests that the rate of flow of
fiitrate decrecases with the increased tlickness of cale.

Differential Eoustions for Incoupressible EHo.ip:eneous

Sludpes.

"Since tiie pressure drop ithrouzh a cake is proportional
to tle velocity of flow, we may consider filtration raie es
ecual to driving force. Tzat is, pressure divided by resist-

2I1CE .
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1 Principles of ClLeuical Eagincering by Walker, Lewis, &nd

Ycidems——-Pame 351.

Nomenclature for following equations.

A=
V =

<
]

P =

Py =

R

r

! =

T

P/A

t
]

(O]
]

[P

Total area of filterinz surface in sq. ft.

Total volume of filtrate in cu. ft.

Volure of cake as it collects on cloth, in cu. ft.
per unit volume of filtrate.

Pressure drov turou: s cake.

za2d

(2
§

Pressure drop tirouch cate, filter,

1)
w

~-
'3
H
m
m
[0/]

cuenrels.
Totel tiue of overation.
Total resisterce of cake.
Specific resistance of cale.
Coefficient in enuation: r = r'pS
= Coefficient in evuetion: r = r"Ps(dv/de)t
= Resistznce of press cuhaniels.
Thic¥ness of cake at variable time.
Coefficient of comnressibility.
Coefficient of velocity effect.

(3couring effect.) Zero for noioreneous slud-es.

From above,

gy_ - Pt ( l - p.368 - W.’L.’ and 1:.)
e B+P/A

In rmost cases tie r:sistence of filter cloth and pure clcnnels

caen be disrewerded, tlen,

iv _ P ( 12 - p.3682 - W.,L., aad L.)

de -~ B
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Since resistance is proportionzl to lencti and invesrscly pro-

nortional to the arer of a concductor, R =r L , aad since,
A

tie volume ol a cake is LA, wulle elud_ e brouyut in by licuor

is vV, we Dnave,

-

Substituting,

trhen equation la becoues,

d = E._‘.Z (38, - p-ZSB - '."I',LO, ané Mo)
dae vV

Differential Ecuaticns for Commresesible, Eonoreneous

Sludges.

Substituting in 2a,

Differential Eguetions for Comoressible, lion-Howo ereous

Zludgese.

R = rL/A (p+2688 = We,Le, and 1)
and L=v/A or dL = v 4v/A
tten R=r1r v 4dv
'
but r = r''pS(av/ace) (pe2685 = W.,L., ond 1)
Substituting we have,
R=1x""vP° 4v v gv

but, dv/de = P/R
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Substituting,
JE A P
ce rt'  pS qav\t ev
A + © f (éﬁ)
av pl=8 43+t
v _ A (4~p.2683-W.L.&" )
de av)® ' '
T J ) av
Intecratod Ecuations.

Homogeneous Slud~es.

Constant Pressure

Iz = g Pl—s e (Z)a- W‘LQ&LO)
Ag T VvV

Constant Reate
dv _ V= Constint = pl-s A% (2b)
e TV

Constant pressure Gradient tirou; a ccze:s

p 1-s _ Const. = r! yite (3c)
v A% o (1+s)

Sludeces witha Filter =2icds or ceqguivelentse.

Constant Pressufe.

ev t av Pl-S A2+t
: ae = T'v (dv/dey)
differentiate relative to V. ‘
(av/ae}t = pl-s a3+t q(av/ee)/dav
ity (dv/de)?

Solve for 4V

av = p1=8 p3+t q(ay/de)
rttv (dv/ae)+t

Integrate,
vV = Pl-iA2+t 1 1+t
vV (1+t)  dv/de
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Solve for dV/de,

ay _ WP pl-s 43t 1
de TV v (1+t) vi7I+%
Integrate,
A ' (l+t) v 1 + ¢
Deriv=tion of egquation 378 of Bad-er anc licCate.
y 3+t _ pl-s 2+t g1 *?
A Tortr(1+t)Vv 1+t

Te¥xing logarithms,
2+t log V/A = 1-8 log P - log r''(1+t) + 1 + t loc
(2+t/1+t) + 1 + t log © -

Cévicding both sides od equation by 1 + t,

24t log ¥ _ 1=-s log P - log z''(1+t) + loz 2+t
43 A I+3 1+t (1+T)7
+ loz ©
tzking the anti-log,
2+t l-g
I = p I 3 + t T (1+t) v |1+t

A (T+2)°
If log © be plotted azainst log V, we will obtain a siraight
line with a slope of (2+t/1+t). (2+t/1+t) is a constant and
for simplicity we may substidtute m. 1In a similar manner if
we plot log © against log P we will have a2 stzaizht line vlhLose
slope is (1-s/1+t). For (1-8/1+t) we may substitute n.

The value of 2 + t |I‘"(1+t)v'll+t is also a con-
(1+t)%

gtant and k mey be substituded in its pnlcoce.
Then with these nsw constents, eguation 4a becoumcs,

v®™ _ PPke (278 - B. & i)






C. Conelusions:

The cerivations of the 2bove equations are very dififi-
cult and beyond the comprehension of the ordinary student.
The application of such equations would then be difficult
without some anderstanting of their ori.in.

The eonstant k cannot Liave any pliysical siznificance
because it depends upon so mnany factors. The constant k
wihich equals 2 + 1 |r"(l+t) v|1+t. X is t-erefore

(1+t)2
dependent uvon t, tne coeffiicient of velocity effect, v tie
volume of ceke a2s it collects upon tis filter in cu. ft. per

unit volume of filtrete and r'!' wihich is 2 coefiicient in

equation r = r*' P® (dv/ade).



IV. Application of equations of "Eletents of Chemical Engi-
neering" by Badger and l!cCave, to the Filter vrezs, B3Suction
Filter and Lseaf Filter aad comporing tle value of tl.e con-

stontse

A. Slurry I.

Proceaure: The apparatus used in this worx is suown in Tig'se
1, 2, 3, and 4. Tzie filter przss consists ¢of platcs and frames
and 2 filter medium. Two presses were used in iy work. The
larger press having fromnes 8.05" X 8.0", or a filter arcza of

"

134 scquare inches. The other press 1s sualler having a filter
area of 32 sq. in. (two surfaces). The auxillary eguipment to
the press, consists of a blow tank eocuipped with an air line,
water line, steam line and a vacuum line for filling.

‘The filter press, (fig. 1), was first fitted with a filt-
er cloth (dne fraae beins used) and tien the slurry to be filt-
ered was cdrawn into the blow tank through tze flexibles rubber
hose, by means of vacuume It will be noticed that tie air line
extends nearly to the bottom of tie blow tank, to kcep the
slurry aggitated during the filtrations.

A set of Tolecdo scsles, which weigh accurately to 1/4 of
an ounce, were set in such a position that tie filtrate wes
allovwed to run from the press into 2 ccntalner on ti- scolese

his wede 1t possible to record th= exect cuantity of filtrate
at any given time.

The air in t22 blow tenk wes then turned on 2nd toe ce=

ired vressure resulated by mesns of the fellief cocx, TWhen



b
r

tne cesired vressurs wis obteinad the velwe into tlis oress

was orened, the pnrsssure beling kept constant by rezulating the

relief cock.

The filtreation cycle woas divicded into reriods ana at tlhe

enc of each period, the exact wel it of filtrate was recorded.

l. Filter Presse.

Data: Table VIII
Period Time(3ec.) Filtraté(lbg.) Total Filt%ate?ressure
1 240 4 11/16 4 11/18 . 25
P 480 3 13/16 6 14/18 =5
3 720 1 7/18 8 5/16 £5
4 1280 1 15/18 10 4/18 25
1 240 5 7/13 5 7/15 35
2 480 2 7/18 7 14/13 25
3 720 1 12/186 9 10/16 ‘ 35
4 1280 2 2/16 11 13/16 35
Calculations:

&+ Deterasination of filter constants:

(Kv_y‘ = kpPg

There,

[l

v lbs. of Filtrate

A

in sqg. inches.

@ = in seconds.

The value of m may be obtzined by plotting lozg €6 vs. log V

for any given run and observing the slope of tue line. (Fig. 5)
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Table IX Data for fig. 5

Point e v Log © Loz V

1 240 4.588 2+3802 0.6710
2 430 C.878 2.6812 0.8374
3 720 8.3123 28573 0.8187
4 1280 10.250 3.1072 1.01C7
S 240 5.438 2.2802 C.7355
8 430 7.875 2.6812 0.89€3
7 720 9.625 28573 0.S824
8 1280 11.750 | 341072 1.0700

The slope of line = 26/14 = 1.857 = n

1.857
(mv> =kxp =0

Applying this equation to the two runs for a convenient value

Now we have,

of V and choosing as this value of V whose log = 0.3. V = 7.944

134)

= k P & = .00485
There © 1s the time at vhich ¥V = 7.944
The value of 6 at vhich log V = 0.9 are:

Table X Data for figure 6

Run Press Log P Log & at log V = 0.3 | © in sec.
1 25 1.3973 2.81 646
.3 35 1.5441 2483 430

Plotting log © vs. log P of table X we have,
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n = slope of line = 15/13.5 = .77

Choosing convenient values of loz P and loz €, fiz.

= 1.3873 , log & = 2.81l. BSupstituting these valucs,

Log .00485 = 1.3379 X 77 + 2.€1
_r
k = 000485
LOg 3-@85

k = .00485
7870

k = .000000637

Fewriting eguations,

(2;f°857 = .000000837 P*77 &
A
Changing to engineering units
Units Used Eng. Units Factor
A Filtrate Cu. ft. 84.5
A sqo in. ch ft. 144
e Seconds hours 3800
P /sq-/in- /Sq0in- 1
1 857  fa4.g5\ 1857 77
(144) = +.000000837 P 3600 ©
C(T\L*857 + 002295 -
A = 235 Pl e
1.857
(%) = .0l0185 P*77 o

2. Czlculation of filtering times:-

Tor 1" frawe

P\1+857
(f) = .010185 P*77 ¢

0807
(143) = .cl0185 (25)°77 o

24
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«C3755 = .Cl01€5 X 11.95 ©

<1218 8 = .0314
© = +258 hours
8 = 15.5 rinutes.

For 2% frames.
Calculations scme as for 1" fraree.

.142 X 2.125 -y
1.125 = 0640

(245 1.857
(Tg3> = .1218 ©

© = .203 hours

e 55 minutes.

For 3" fra.ese.
6 £ 1.83 hours
6 = 102 minutes
For 4" fraues.
2.85 hours

e
e

172 minutes.

3. Buction Filter

Procedure:
The apparatus used in this ctse is shown in fiz. 32,

wnich is an ordinary suction filter Loving a filter ared of

154 sq. in.
The metihod of tixing sanples, using tie suction filter

is not as accurate as that used in the case of thz filter presse.
The outside diameter of the drain cock of tie Tilter is

about 1 1/4" and was fitted with a rubber stoppers A four
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liter bottle was attached to the stopper and sunoorted to

prevent its flalling off tie stonper under tie wegi -ut of tre

(%

filtrate. A second hole was put in the sgtoppver in wrich ves
inserted a piece of ordinary glass tubing. This was tien con-
nected to tle wacuua line on the oprosite side of the
by means of rubver tuoving. This arvan_ement ecullized tle
pressure in tie bottle and filter aftsr tle bottlz had Teen
removed and sut in vosition a.2ain. A pinch clazp was used on
tiie rubber tubing when the tottle was rewmovedy to praveat los-
ing the vacuun. |

The vacuuz wés bullt up in the vacuum line aad tie slurry
poured over tae filter cloth. e vacuum vaés then turned on
ané¢ tie drain cock on ths filter ovened. ith the nressure

aualized the filtrate runs directly into tihe bottle.

At the end of e certain period of time tie drozin valve
wee closed, tiie recelving bottle removed and filtrite weifhed
cné the receiving vottle placed in position again. Tols pro-
cess was revneatsd until the filtration cvele was con:leted.

Althouzh this rethod is not as accurate as tlie sampling
wetiiod of trhe filter press, satisiactory results 22y bz obtain-

ed after some practice.

Datas Table XI

Run I Per sqg. ft. area ure
Period | Time(sec.) | Filtrate(los)| Total Filtrate(los.) Press-
1 120 4 1/16 4.08 12.5

2 240 1 15/16 5.03 12.5

3 380 1 9/13 7.58 12.5

4 720 3 15/16 11.50 125




Table X1 (Sontinued)
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. J - Per sqg. ft. Area [
Period| Time(sec)| Filtrate(1lbs) |Total Filtrate(lbs)| Pressure
1 147 3 13/15 380 722
2 200 2 1,13 5.59 7.i8
3 450 1 8/13 7441 7.22
4 1080 4 10/13 12.00 7.72
1 200 3 12/18 3.75 4.9
2 400 1 12/18 5.50 4.9
3 600 1 7/18 8.91 4.9
4 1200 3 12/18 10.70 4.5
Weight of slurry cherged 20#
°/o Water in caie 83 °/o
Filtef Area (sq. in.) 154
Cake thiciness (in.)
Volume of cake (cu. in.) 106
Temperature 19° ¢
Calculations:

All calculations s=zme as in (1) above.

1.

Pet. of filter constants.

Table XII m = slope 1.75
\'A e Log V Log ©
4.06 120 0.58085 2.0795
8.02 240 0.7800 . 2.3805
7.58 380 0.8800 2.5580
11.50 729 1.0810 2.8750
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Table 711 (Coutinued)

v e Log V Loz 6

3.8 147 0.58¢C0 2.1875
5.89 300 0.7705 244775
7.41 450 0.8700 2.58335
12.00 1080 0.7950 340335
3.75 200 0.5705 23150
5650 400 0.7335 28205
6.91 600 0.8395 27785
10.70 1200 1.0295 3.0795

¥ = slope = 1.75

)

Data. Det. of ne.
Table XIII n = slope = 0.741

Run | Pressure Log P Log © at log V = 6.31| © in secC.

1 12.5 1.097 2.41 257

3 7.32 0.864 2.545 330

3 4.90 0.690 2.700 501
m= 1l.75
n = 0.741

=
]

2. Calculation 6f filter times.

For 1" cake

«072 (Pressure = 12.5 / sg. in.)

V = 18.00 #
A = 154 sg. in.
P = 1205 / Sqo ino

Gj‘:kpne
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t2sd\ 17> :
<;75%> = .072 X (12.5)°741 ¢
(.269)1°75 = .072 X 6.5 @

& = .214 hours

e = 13 winutese.

For 2" caxes.

1.123 - .541
1.75
‘?gf) = .4875 6
8 = +648 nours
6 = 33 minutes.
For 3" cakes.
V = .388 X 3.125 _
1.125 = +80
1.75
G?%%} = .072 X 6.5 X ©
© = 1l.29 hours
@ = 77 minutes.
For 4" cakes.
= .288 4.125 c
v 1.%25 = 1.055
\1:75
i:85b = .4875 @

6@ = 2.1 hours

& = 127 =zinutes.

de¢ Leaf Pilter
Procedure:

Tue apraratus used in this experiment is shown in fig. 4.
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The apnaratus consists of a filtrzte tank wilch is con-
nzcted to tie vacuum line 2znd to thie air line, sni & fra-e
wi.ich supports a filter cloth. Tie frame is a " oipe, welded
in t-e shape of 2 sguare, 12" on a dide, with holss on the in-
sicde of the pipe, throuzh which the filtrate passese. o}
vieces of 1/4" mesh wire screen are plz2ce between tre filter
clotlhes as a support to then. Thls prevents the clotls being
pulled together and shutting of tie vacuune.

The slurrv to be filtered w:g placed in a2 15 z2llon
crock on a large set of Tolecdo scalze. A perforntead nine, 1/8"
in ciameter was laid in thie bottom of tie crock zand coniected
to tiie comprescsed air line. Toe air was tuned on and tihe pre-
cipitete was kept in su cion durin: ths filtration cycle.
The vacuum was then turned on in thc filtrate tank oancd tie leef
pleced in the crock. The scales were tien vzlanced and tle

-

vacuum in th: leaf turn:d on, the timre bein< not.d at

4

\..is in-
stznce.
At the end of a certain period of time the loss 1a wel-

a A

¢ht of slurry was noted and tebulated. This wos ropctted un-—-

H

til four loeses in welgiut hed been recorded.

Data: Table XIV .

Period| Time(sec) | Filtrate(lbs) | Total Tiltrate(lbs) | Pressure
1 240 10 10 11
2 480 4.5 14.75 11
3 720 3.5 18.25 11
4 1080 4.75 23 11
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Table X1V (Continued)
Period| Time(sec) | Filtrate(lbs) | Total Filtrate(lbs) | Pressure
1l 240 2.25 9.25 c4
2 480 4.5 13.75 64
3 720 3.5 17.25 4
4 1300 5.5 32.75 64
Temperature 20° C.
Cake tiickness ZecdM
°/o Water in cake 63°/0
Filter area eqg. ine. 288

Calculations:

A1l calculations sawue as for filter vpress.

l. Dete. of filter constants.
Data for Det. of m
Table XV
Point e ) log © log V {
1 240 10.0 2.3802 1.0050
2 480 14.75 2.8812 1.1688
3 720 18.25 2.8572 1.2813
4 1080 23.00 3.0334 1.3817
5 240 9.85 2.32802 0.9881
6 480 13.75 2.6312 1.1330
7. 720 17.25 2.8572 1.2338
3 1200 22.75 3.0792 1.3568
m = slope = 1.84 (fig. 9)
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Tata for Det. of n

—

Table XVI
Run Pressure Log P Log € at log V = 1.3317 € in sec.
1 11 1.0414 3.0334 1080
2 Be4d 0.8082 3085 1218
n = slope = .241 (fig. 10)

m = l.84

n = <241

k = .0778

g+ Calculations of the filtering times same 2s for filter
Dresse
For 1" cake
m
l) =k p°
(A S P

v

11 pounds /sa. ine

0.388 cu. fte.

A

.84
. 339 241
—=— = .0775 (11)°~*t e

(.184)1°%% = 272 ¢

2 sq. 3.

e = ,162 nours

(=) = 10 minutes
For 2" cokee.
\' = .3681?125155 = 0.595

1.84
=
G£§?%> = .272 @
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N
)

® = 008 hours

© = 22 minutes.

For 3" cakese.

= 1l.02 cu. ft.

@ = 1l.07 Lours

@ = &4 minutes

For 4" cakes.

.
]
.
W
(@})

1.73 hours

(0]
"

%) = 101 minutes.

Table XVII Comparison of filter constents.

Filter m n k
Filter press 1.85 77 « 01018
Sucticn Filter 1.75 741 «072
Leaf Filter 1.84 241 «0776

B.  Slurry II
Procecure: Tue prodedure using slurry II wes exactly the same
as thet of slurry I. Tie apparatus was &lso tii: sauz, excevnt

that with slutty II tie leaf filter wos not usede.
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l. TFilter Press.
Data: Teble XVIII
Period | Time(sec) | Filtrate(1lbs) |Total Filtrate(lbs)| Pressure
1 60 11 13/18 11 13/13 25
5 120 5 13/18 17 10/153 5
3 240 4 /18 23 35
1 70 9 1/13 9 1/16 25
2 140 4 13/13 13 14/18 <5
3 300 6 14/18 20 1&/18 a5

. Run I Run II

Averaze Pressure 35 35
Wet Cake (gms.) 1840 1323
Cake Thickness 1.375 1.375
Filter Are» (sqg. in.) 124 134
Temperature of slurry 19° ¢ 180 C
°/¢ Water 41.0 8¢5
Calculations:

1. Det. of filter conetaats.

@ - »

L2332\ 2
.02 =k
k=105

«
e

e P

v

' .C834

~
@]

constant 25 / sa. in.

2075

Pet. of filtering times.

($3]

33 CUe.

fte







For 1"

For 2%

(. 628)2
524

For 3%
,814)\°
(539

For 4"
v

1.22
*9z4)

l.74
e
2. Suction

Date:

fra:ue
= 5 rinutes.
frame

1.125

1.8 X ©

= 16 minutes.
frame

= .,2332 X 2.125

1.125
= 1.56 ©

= 38 minutes.

frame

]
=
[
o1

= 1056 e
= 687 minutes
Filter

Table XIX

= 224

1.282

Period

Time(sec)

Filtrate{lbs)

Total Filtrate(lbs)

Pressure

1 60 7 %

7%

3
3
4
S

120
180
340
375

6 9/15
8 5/16
6
8 7/18

14 &

30 8/18
26 8/18
34 13/16

9.83
9.823
9.83
9.83
9.82




Tavle X1X (Continued)

Period | Time(sec) | Filtrate(lbs) | Total Filtrate(lbs) | Pressure
1 75 8 8/16 8 8/16 7.85
2 150 8 8/18 16 14/16 7.85
3 225 7 2/16 24 7.65
4 300 4 6/18 28 6/18 7.85
5 435 6 6/186 34 12/16 7485
Run I Run II
Volurie of feed (cuff) 0.73 0.72
°/o Water 43 45
Filter Area 154 154
Cake Thiclmess 15/16 15/16

Calculations:

Calculations same as in (1) for filter press.

1. Deto
k =
3. Det.
For
For

For

For

of constant.

283 vV =

of filtering times.

1" cake
@ = 13 mninutes.
o" cake
© = 38 minutese.
3" cake
@ = 76 zinutes.
4" cake

6 = 128 minutese.

34.75 at 13/18" cake
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V Testing the Validity of Filtration equations of Bad;er and

YecCabe.

Procedure:

the filter prescs in oart IV sec.

made instead of tvio.

After the data Lrad been taken and tie vilue of =

ermined, the value of n was @eter:rined for three ®alues.

The procedure in this case was the same as ttat for

‘1, except that four runs were

rvas det-

This

was done by drawing a line tihrouzh any three points as shown

in figure 12.

Data: Table XX

Period| Time(sec) | Filtrate(1lbs)| Total (1lbs)| Total Fil. | Press-
Filtrate Per sq. fti uree.

1 250 4 15/16 4 15/16 5.31 15

2 500 2 5/16 7 4/16 780 15

3 750 1 14/16 9 2,16 9.82 15

4 1080 1 1216 10 14/16 | 11.70 15

1 240 5 9/16 5 9/16 8.00 20

2 480 2 8/16 8 1/16 8.67 20

3 720 1 12/16 9 13/16 | 10.55 20

4 1080 1l 5/16 11 12/16 12.40 20

1 230 5 123/16 5 12/186 6.18 25

2 460 2 1116 8 7,6 9.15 25

3 690 1 11/186 10 2/18 10.90 25

4 960 1 15/16 12 1/16 12.95 25
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Table XX (Coniinu.d)
Period |Time(sec) | Filtrate(lobs)| Total(lbs)| Total Filt.|Press-
‘ Filtrate Per sq. ft. ure
1l 50 2 8/18 2 8/18 2.83 33
2 185 2 8/16 5] 537 32
3 325 2 8/18 7 8/18 8.06 32
4 585 2 8/18 10 10.75 22
5 900 2 4/186 12 4/18 12.28 32
' la
Filter Area (sg. in.) 134
Temperature 18° ¢
Calculations:
(%)m =xpP" @
Yhere, V = Filtrate in roundse
A = ATrea in =q. in.
P = Press. in /sq. in.
e’= Time in seconcs.

mene. and k =

constantss.

The value of m is obtained by plotting log © vs. log V

and observing the slove of line. (fig. 11)

Table XXI
Point e v Log © Log V
1 350 5.31 2.2979 0.7251
2 500 7.80 2.6990 0.8921
3 750 9.82 2.8751 0.9921
4 19€0 11.70 3.0334 1.0682
= -




Figuré 11






Table T71 Jontinted)

Point ] v Loz © Log V
5 240 6.00 2.32802 0.7782
8 480 8.689 2.6812 0.9350
7 720 10.55 2.8573 1.0232
8 11080 12.40 3.0334 1.0934
9 . 230 6.18 2.3617 0.7910
10 460 9.16 2.65628 0.9619
11 690 10.90 2.8388 1.0374
12 960 12.95 2.9823 1.1122
13 50 2.69 1.6990 0.4298
14 155 5,37 2.1903 0.7300
15 325 .05 2.5119 0.9063
16 555 10.75 2.7443 1.0314
17 900 13.28 2.9542 1.1214

Plotting and observing slope, (fig.1l1) m = 1.85
¥ 1.85
A

we now have, - xp" e

Applying this equation to the four runs for a convenient

velue of V, and choosing as this value of V whose loz = 0.8;

531 \L*85
% = k PD @ = .00035

where © is the time at which Vv = 6.21 « The value of 6 for

V = 8.31. Then,

tiie different pressures may be taken from fig. 1l.
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Table XXII
Run Pressure Log P Log © at loz V= 0.8 | & in sec.
1 15 1.1731 2.525 335
3 20 1.3010 2.420 263
3 25 1.3379 2.370 223
4 32 1.5051 2.315 207
Plotting log 6 egainst log P (fig. 12)1 n = slope of line
= .533

1xotes By referring to fiz. 12 it may be seen thuzt all tle
points do not fell in a straizht line. If only three runs had
been made the value of n might have been eithier of two otier

values, 2s illustrated.

By combining runs 1, 2, and 3, n = 425
By comuining runs 2, 3, and 4, n = .£€32
Choosing ccnvenient values of lozg P and loz € fror fig. 12
log P = 1.3979; log & = 23.370.
Substituting these velues of log P and log © we have,
.0035 = k(25)°°3% 234.
Rearranging and tzking lozs we have,
237 = =e533(1e3373) + «0035/k
2.37 = =748 + .0035/k

k= .0035 = .0035 = .000C0368
3I1E 1305~

Changing to engincering units




Units use Eng. units. Factor
v of filtrate cu. ft. 825
A Sq. ine sqe. fte 144
e in seconds hours 3300
P /8q. in. /sq. in. 1

1.85" 1.85 .
<X X (?%i%) 00000268 P*23% g 35300

v .009648
( )1 _ 5009848 533

(,434)1.80
1.85
)

By substituting tie two otier values of n in the equction a

.04458 p+033 ¢

different value of k is obtzined for each value oi n. Tre
ultimate results are exactly the s3wre, however, becouse n and

k vary directly with each other.

Table XXIII
m n k
1.85 , « 533 004486
1.85 ¢ 4235 0.0645
1.85 «582 0.0872

2. (Calculation of filtering times.

V = 12.00

P =25
A = .924 §Q. ft.

For 1" frames

e\
Go%g) T e0%



(25) 538
-055
6
8

For 2" frawmes

For 3" fraimese.

v

L. 533\1*8
924) =

. 362 =

e =
e =
For 4" frame.

V =

. 904

. 606 =
e =
e =

5.683
«0448 X D.33
0.218 hours

13 minutese.

+0443 X 5.65 ©

= «0448 X 5.63 ©

0.723 hours

43 minutes.

«192 X 3.135

5

1.125

«0848 X 5.68 ©
«252 0
1.43 hours

87 minutese.

.192 X 4.135

5

1.1585

= «0448 X 5.8
0.252 @
241 hours

145 minutese.

Table XXXIV

Comparison of actual and calculated filtering tiumese.

e

= +363 cu.

= «533 cu.

= ,705 cu.

S 0

ft.

ft.

fte.



Units use Eng. units. Tector
v of filtrate cu. ft. 8245
A Sg. ine. sq. Tte 144

© in seconds hours 3300
P /8d. in. /sG. in. 1

1.85" 1.85 )
(}” X (?%j%) 00000268 P*93% ¢ 2300

v .009648
()1 _ 2009848 pe533 g

(,434)1.80
(A)l «85

By substituting the two otlier values of n in the esuction a

.0448 p+533 ¢

different value of k is obtsined for each value of n. Tke
ultimate results are exactly the s=2me, however, because n and

k vary directly with each other.

Table XXIII
m n k
1.85 , «533 0.0446
1.85 435 0.0645
1.85 «882 0.08723

2. (Calculation of filterinz times.

V = 12.00
P =25
A = .924 sq. fte.

For 1" frames

19\ 8
e8] T 0%



(25>.533

«055
e
e
For 2" frames

v

7353\ 8
o I

.183
e
e
For 3" frawmes.

v

(&

« 362
e
e
For 4" frame.

\'

| &) [}

5.63
«0445 X 5.83 6
0.218 hours

13 minutes.

= +363 cu. fte.

+0448 X 5.65 ©

«0448 X 5.83 6
0.723 hours
43 minutes.
«192 X 3.125 =

«533 cu. ft.

1.125

+0848 X 5.088 6
«3202 O

1.43 hours

27 minutese.
«192 X 4.125 =

«705 cu. fte.

1.125

07 ‘85
(;g%%> = +0448 X 5.88 ©

«608
6
e

0.252 6
2.4]1 hours

145 minutese.

Table XXXIV

Comparison of actual and calculated filteringz timese.

W

ol
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Cake thickness Calculated Actual °/o Variation
Filtering Te. Filter. T. fram actual
1.375 13 16 18.75
2375 43 o4 2040
. 3.375 87 100.5 13.40
4.375 145 185 21.85
Discussion:

According to Badger and l’cCabe (2) the values of the

constants in their equation for non-homogeneous sludges, (278)1

1 Elements of Chem. Tnzx. by B~drer and lclabe.

have a definite relation to thie character of the slud e. "3ince
the value of m is not cuite 2.0, the sludce is not cuite homo-
geneous, but nearly so. On the other hand, n is far from 1.9,

a L) . “~ s ~ N 2
end Lence the sludge is very hiyialy couapressivles!

Elements of Chem. Engz. pase 484

The value of taese constaznts (m and n) do not seer to give
one and idea as to ti.e character of tie sludge according to my
work. By referrin. to fi.. 11, it may be seen tiat the velue
of m ecuals 1.84, and since the slurry wes @xzde un to De non-
homogeneous there is agreement with tie equation of Bed. er and
v'cCabe (2). FHorvever, suppose instead of limiting the amcunt of
collodial material, as was the case here, we increcse 1t to
say fifty per cent of the total solids.

Iﬂ this case the filtration will be 'mich ore difficult

oncé the time required to obtain a definite amount of filtrate,
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will be greater than was tha time roguired for the s-re emount
of filtrate, using slurry I. 1In other words tihe linzes of the

creph {fig. 11) will aporeach the vertical position vith toe

]

reeter amount of cnllodial meteriale Tien the value oF
would be great:r thian 2, (providins enouzh A1{QH )3 ~d been

used) which according to RBadger 2nd Yelabe (2) would make the

H)

sludge homo.eneous, althcurh the slurry wae oriinnlly wade so

as to be non-homogeneouse.

On the other hand, when you do have a Lhomo_esneous sludge,
it is true, except inmse of collodial or fin:ly divicded rart-
icles, the rate of Filtration is .reater tian in =235t ezcses of
non-nomogeneous sludzjese According to thls reszsonin: more
filtrate will ve ootained pcr ualt times The lines in tie

oh (fiz. 11) will tzen fletten out end tie velue of = will
become less. This will tend to szhow thet tne slud;e is non-
homozeneous. This is exzetly whet hoppened in the cnse of
slurry II.

The value of n also aponeréntly feils to ascertain the
character of the sludgoe. 3Supposedly the closer thz value of
n approaches l.0, the less compreseible is tiie sludze. By
referring to tie sraph (fig. 12) it ray ve seen tiat n nay
cave different values fcr the same sludge. In this cese the
values of n vory from about 0.4 éo nearly 0.7. It wculd be
vossible to even nave greater variation in the valus of n Ifor
the came sludge.

This could be done by mekin.; @ greater nuwoer ¢

2xing éiffereat comecinztions of voints. These points of the
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Table XXII

Run Pressure lLog P Log & at log V= 0.8 | & in sec.
1 15 1.17581 2.525 335
3 20 1.3010 2.430 £63
3 25 1.3373 2.370 233
4 32 1.5051 2.315 207

Plotting log 6 ecainst log P (fig. 12)l n = slope of line

]

« 533

lNotes By referring to fiz. 12 it way be seen tuat all tie
points ¢éo not fell in a etraizht line. If only tahree runs had
been made tze value of n mizht have been eithier of two otier

values, 2s illustrated.

no
(OF

By combining runs 1, 2, and

O

’ n=o4:
e

fav)

3
By combining runs 2, 3, and 4, n = .63
Choosing ccnvenient values of loz P and logz @ frow fig. 12
log P = 1.3979; log 6 = 2.370.
Substituting thiese values of log P and lozg @ we have,
0035 = k(25)°93% 2a4.
Rearranging and taking logs we Lave,
2.37 = =.533(1.3973) + .0035/k
2.37 = =.7456 + .0035/k

k= .0035 = .0035 = +00000268
3-Ilo ISOb

Changing to engincering units




Units use Eng. units. Factor
v of filtrate cu. fte. 655
A 2gq. in. geq. fte 144
e in seconds kours Kislele:
P /8q. in. /SG. ine. 1

1.85- 1.85 )
(X X (?%i%) 00000263 P*23% g 2300

v _ =009848 .33
= (.434)1.85
1.85 .
(A) = .0445 p-533 g

By substituting the two otlier values of n in the ecuction a
different value of k is obtained for each velue of n. Tie
ultimate results are exactly the s3me, however, because n and

k vary directly with each other.

Table XXIII
m n k
1.85 , «533 0.0445
1.85 425 0.0845
1l.85 .3882 0.0872

2. Calculation of filterinz times.
12.00
P =25

<
1}

A = .934 5Qe fte.

For 1" frames

1.85
AEES



(25)°°%° = 5.65
.055

«0445 X 5.82 6
e
e

0.218 hours

13 minutese.

For 2" frawmes

V = .7CB X 20125 = .363 Cno fto
1.1<5
.363>1‘85
92 = 0445 X 5.65 ©
0182 = 00446 X 5065 e

& = 0.723 hours
6 = 43 minutes.
For 3" framese.

V= .192 X 3.125 = 533 cu. ft.
1.1235

1.
(%gg% = .0846 X 5.86 ©

6 = 1.43 hours
8 = £7 minutese.

For 4" frame.

V = .192 X 4.125 = .705 ou. fte
1.155

“705\1.85

(732) = 0443 X 5.88 ©

.608 = 0.252 6

®@ = 2.41 hours

145 minutese.

(]
[}

Table XXXIV

Comparison of actual and calculated filtering timese.

e
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Cake tihickness Calculated Actual °/o Variation
Filtering T. Filter. T. fram actual
1.375 13 16 18.75
2.375 43 54 20.40
« 3375 87 100.5 13.40
4.375 145 185 21.65
Discussion:

According to Badger and l’cCabe (2) the values of the

constants in their eguation for non-homogeneous sludges, (278)1

1 Elemente of Chemn. Tn~-e by B~d-er and l:cleabe.

have a definite relation to thie character of the slud e. "Since
tiie value of m is not cuite 2.0, the sludre is not cuite homo-
reneous, but nearly so. On the other hand, n is fer from 1.9,

-

end Lence the sludge is very ni;hly coupressible.t

Elements of Cheme Enz. nage 484

The value of tnese constants (m and n) do not seex to glve
one and idea as to ti.e character of tie sludge accoraing to my
worke By referrin. to fi.. 11, it may be seen tiat tlhe velue
of m equels 1l.84, and since the slurry wes made uo to Le non-
homogeneous there is agreement witi tiie ecuation of Bed er and
YcCabe (2). Forvever, suppose instesd of limiting taie amcunt of

collodial material, as vas the se here, we incre2se 1t to

say fifty per cent of tre total solidse.

|._.l

In this case the filtration will be much more difficult

oné the time required to obtain a definite amount of filtrate,
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wlll be greater than was the time roguired for the sooe 2mount
of filtrate, using slurry I. 1In other words the lincs of the
graph {fig. 11) will aporeach the vertical position witl tue

grer
sreeter amount of collodial meterizle. Then the value of n
would be greatsr tlan 2, (providin: enouzh Al(OH)3 iré peen
used) which according to Badger and YcCabe (2) would ake the
sludge nocuo-eneous, althcurnh the slurry wae ori innlly rede so
as to be non-liomogencouse.

On the other hand, when you do have a Lomoreredus sludge,
it is true, excent inmse of collodial or finsly diviced rart-
icles, the rate of Tiltration is zreater tian in uist ecses of
non-homoseneous sludsess According to thls rezsonin: wore
filtrate will te ooteined pecr unit timee The lines in tie

crevh (fiz. 11) will then fletten out end the vzlue of = will
become less. This will tend to show th:at tuhe slud:;e is non-
nomozeneouss This is excictly whet heppened in the cnse cf
slurry II.

The value of n also apneréntly faells to ascertain the
cheracter of the sludne. Supposedly the closer the value of

n apprroaches 1.0, the less compreseible is tiie sludze. By

&

~s
-

referring to tie graph (fig. 12) it may Te seen that n wnay
have different values fcr tre same sludge. In this cose the
values of n very from about Q.4 fo nearly 0.7. It would be
vossible to even Lhave greater varliation in tihe vélue of n for
the esame sludges.

This could be done by wekin; @ greater nuwer of runs &nd

tocking differeat comcinztions of points. These points of the
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craph (fige 1Z) do not lie in a izrt line becauce tl.c posi-
ticn ¢f the nointes depend uvon tie cistence apart o7 t-e lines
in graoh (fiz. 11). Tue position of tlese lines depsnd urpon
the difference in pressures of tie two runs. Tae srecter the
Cistance between tuhese lines tlhe greater the irra-ularity of
the points in fig. 12.

As far as the different va2lues of n ere concerned trey will
not affect tlie worxinvility of tue eocuation. The valuie of n and
k are directly provortional to ezci other and as n and k vary
the veluss of P ancd © remain ti:e same for & particular run.

Y °

. . bt s . . __o©
The ultimate results ootain-d by this ecuaticn &are not

°l. Eq. 278 Elements of Chem. Eng. by Badeer and

very satisfactory. By referrin.: tc teble XXIII it 2y te seen
thet the calculated filterin,; tires vary from the actusl filt-
ering times all tie woy from 18475 ©/, to £8.85 9/o. The varia-

tion being greater witlh: the increased thic:ness o calies



VI. First attennt to cdevelone a more accorate eauction for

prec¢icting filtration times.

Procecure;

The eqguation which is to follow was nct workad out from a
mathiesatical standpoint but from actual experimants corried out
in the laboratory. These eauations Lewe no tlheoriticcl kecking
but cneck up fairly well witl actual experimental datae. They
ct.eck at lezst as good, ana better in.most cases, as tle results
obtained wien apslicd to the ecuetions of Walker, Lewis, end
YcAcams (1) as Badzer and !‘cebe (2).

I first drew a picture of a 1, 2, 3, and 4 inch cake (fbe.
13). The 2, 3, and 4 inch ctkes being drawn reor:centing cakes

wiich had been filtercd excest for ti.e final one inch in t

b~

e
center of tihe cake. The total time to filter a onc inch cake
s accurately deterwined. Then tie time to filter a two inch
cake will be equal to tue time to filter a one inch calic plus
the time to filter an accditionzl one inch cogies Tae time to
filter tliis €inal one inch ceke will talie longer tlen tie first
one incn cake because of tlie increesec resistance due tc tle
passage of filtrate t.zcuyh thict ceale which hes alreely Leen
filtered. To illustrate by referring to fig. 13 the time to
filter II will be the time to filter a'+ b' + c¢'. But the time
reguired to filter a'b' is the same as the time to filter a+be.
Then the time required to filter ¢! is cevendent upon some

vorer of tic thiickness. From meny actual filtratlions runs this
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vpower was obscrved to be tle first. Then the time to f£ilter II
will be,

8, =8, +nXe (1)

where, e time to filter II
6 = tine to filter
n = thickness of II
The same taing holds for the 3 and 4 inch calizs. e time
to filter a'' + Db'!' is tle saue as the times to filter at' + b' +
c! and the time to filter a't! + b1t is tre szie 28 the time to

filter a'! + b't + c''. Also, the time recuired to filter c'?

+ c'"'! is dependent upon thas firest power of tie tiicinesce

93 =192 + n3 X 61
94 = 93 + n4 X 61
where, 93= time to filter a tiiree inch cake

6,= time to fiiter a four inch cake
No= 3.125
ng= 4.125
To test the workability of these ecuations, reference will
be mzde to the data of part IV.e The data for the 5 pressure
run will be recovied for simplicitye.

Table XXV

Period | Time(seé)| Filtrate(lbs) | Total Filtrate | Pressure

1 240 4 11/16 4 11/16 25
2 480 2 123/16 8 14/16 25
3 720 1 7,16 8 5/18 25

4 1280 1l 15/16 10 4/1s8 25




By referring to fi;;e 5 it will be noted tant tlse freve
is full wren 1lgg V = 0.35 or V = 8.9; e Tais noint is ceter-
mined by tie sudden curvature of the line upward. et ie, the
arount of filtrate decreases per unit timce Then tLc caie
builds up on each cloth the frame grcdually fills and firally
tlie cakes build ur to the point when t.ey touch. Tae filter
are2 is immediately reduced znd it is at thiis point toet the
lines in the graph turn upward. Tue time at which tliis occurs
is tie time reguirea to fill tle cake. It was this time tiat
res used as a busis for the followins calculations, and found
to be 13 minutese.

A. Avplicntion of eaquaticn to 3lurry I.

Crlculations:
6, =6, +n X6 (1)
61 = 15 minutes.
e = Time reg'd to filter tle next less

trickness of cakee.

n, = Thickness of cake being filtered.

@
"

Filtering time.
For 2" frames.

92 = 91 + X el

&, = 16 + 2.125 X 18

e
2

minutese.

]
wn
o

For 3% frawrese.

93=62+n3}(61



3
83

For 4w fr
e4
LN
8

As a matt

ed.

YcCebe were taken from part IV above.

times werd arrived a2t Ly actual filtration.

belng

runs were macde for cach size frame uc to the 4 incles.

actual taickne

S50 + 3.125 X 16

99 minutese.

ameSe

=6; +n, X0

93 + 4.125 X 13

1686 minutes.

er of comrparison the following table

ss of cake was

vas arrang-

The values of calculated times by eqguation of Bzdger and

The actual filtration

Ti.e tecinicue

Tre

weasured and found to be freame

e same as in other runs with filter precs excevrt thet

thickness plus 0.125".
Table XXVI'
Cake Thick- Badger &lcQabe Formula Actusl
ness Inches Formula Filter. Cerived Timss | Filter Times
Tires. iine. Yine MIne
1.125 15.5 16 16
124125 €5 50 49
3.125 102 939 925
4.125 173 o 185 150
°/¢ Veriation from °/o Variation from Pressure
Actual of B&Y For. Actual for For. (1)
3.3 0 25
12.2 2.0 25
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Table TXV1 (continued)

°/o Variation from °/o Veriation from Pressure
Actual of B&YM For. Actual for For. (1)
10.3 7.0 25
14.7 10.0 25

It will be noted tiat tie values of actual filtering time
and calculetzd tize of this table vary greatly from the saire
values of table XXIII. This is due to tle fact tiat tle slurry
used in previous work was made up with cherically puie ne ter-
ials, while tie slurry of tlhe latter vork was :cade up vith
coniercial materiazl. Althoush ths slurries were nede up ex-
actly toe ssme, they gave different results upon filtering.

Due to the fact that we were uneble to obtain tle C.Pe.
meterials, tue comuercial uaterials had to ove usad. In es
much as cemporative results were obtained, tie coumcrcial

o torials were satisfactorye.

Be Apvlicetion of eouation (1) to Slurry II.
Procedure:

In using slurry II tlhis sawe proceaure waes us2d as wes used
in tlie case of slurry I. The time tc filter a 1" calke vis acc-
urately determined first. Toe times for filterin. a zZ", 8", and
4" frame were also deterwined by carrying out the filtrection
and found to e 4, 113, 22%, 37 1/% minutes resspectivelye.

As a motter of comparison the filtering tiues &s colculated
in part II sec. B. will be t?bulatgd in thte t-ble wiich is to

followe.



Calculations:

6y, =8,y *+ 1, X6 (1)

©1 = 4 uinutes.
€11 = Time reguirsc to filter tlie nest
less thickness of cake.
n. = Tliic¥ness of caxe being filtered.
For 2" frauaes.

92 = el + n2 X el

6~ = 4 4+ 2.125 X 4

ay)

92 = 12.5 minutes.

For 3" fraumes

6 = 98 + Ny X Gl

3
63 = 25 minutes.

For 4" fronese.

94=63+n4X61

VY

@, = 25 + 4.125 X 4

U

94 = 41.5 minutes.
Teole XXVII

Comparison of calculzted and actual filtering timese.

Cake thick- Badgzer&licCabe Derived For. Actusl T.
ness Inchess Formu2d Time (1) Yin. in Yin.
in minutes.
1.125 5 4 4

2125 186 12.5 11.5




Table TXV1l

(Continued)

o2

Czke thick- Badger&icCabe Cerived For. Actuel
ness Inches. Formuad Time (1) Min. “ilter.
in minutes T. YXin.
3.135 38 25 22 &
4.125 67 41.5 37 1/6
°/o Variation from °/, Variation from Pressure
Actual B & ¥ For. actual of For. (1)
35 o] 25
391 E.7 25
69 11l.1 25
53.8 10.8 25
Discussion:

By referrinz to tables XXVI and XXVII a very good ccuxpari-

con of the calculatsd filtering times Py the equation of Badger

and ¥cCzbe (2) and of the ecuation (1) above, is stovn. In

tie case of slurry I the e uations of Bad:ser and :icCabe hold

fatrly well, but in no case ar e the results as good as trhe cal=-

culatéd filtering times by equation (1).

When slurry II is used (table XXVII) neither equation

holds as good as they do with slurry I (table XXVI).

In' either

case it may be noted that equation (1) holds closer to thLe

actual than does the equations of Badper and McCabee.

Then too

the per cent variation from actual of equation (1) is precti-

cally the sauwie in either case and does not vary more than 1l

°/0o. These calculated values are greater tlan actamal values

in both ceses.

If these calculated values by eazation (1)

always give values greater than dhe actual times, rewrdless




of the slurry used, anc always vy & certain per ceat, anc in
tiis work all r=sults tend to prove this, thien a corzection
factor coculd be us=d which vouls give values very close to

ectual filtration valucse.
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VII. Development of final ecquation £ filt-

@)
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ering timeces of a certein slurry for a cartain eonstant press-

&

A. Terivation of eczation.
Procedures

All the prelirminery filtrations pretaining To tile ecuat-
ion were cerri>d on with slurry I. Tie first sten in tic pro-

edure ves to detervine the exact tiuwe at vwhich a fraze ves

. . . . o onHF .
illed wlen filteriny; at a constent pressure of 85 /sq. ine.

@)

¥l

Hy

using slurry I. Tie slurry wee made up according to specifi-
cetions and placed in t-e blow tznk (fig. 1). The pressure
was raised to strin the blow tank end filtration stortec. The
filtrate wes collaected @s in part IV, sece A. Thazt is, by
allowing tie filtrate to run in a container balanced on 2 Tol-
eco scclee

The filtration cycle was divided into six veriods ord the
wei-ht of filtrate 2t tle ea1d of each of the periods wirs notede.
This cata is given in table XXVIII belowe

Table XXVIII

Period | Time(sec) | Filtrate(1lbs) | Total Filtrate| Pressure
1 240 1 13/13 1 12/18 25
2 480 12,/5/16 2 8.5/16 &5
3 720 10.5/13 3 3/18 25
4 1Cs0 10/18 3 13/16 25
5 1500 7/15 4 4/13 <5
8 2100 5/18 4 g9/16 25




figure 14



I

30 irame o/ ol Log O - &
28

28|

§aa d /
éza ‘

- ey

I

Nz

/89

78}

27

%G5 0z d/ O o/ a2 ay ar a5 o6 07 &
Logh—Ffitrare rrr Flowrrs




Table TII  (Sortinu.:’)

Time (/in) Wt. of Filtrate Cake Thickness Pressure
46 % 5.37 2.125 25

S0 ' 8.73 3.125 2

147 11.60 4.125 z

ct

By plottin:s lo: of tiicxness a_cinst log cf tiie 1t 1is
seen that all tl.e points follow t'.e course of & straisnt line
(fies 15).

Table XXXI

Deta for fig. 15

e L Loz © Log L
14.5 1.135 1.1335 0.207
46.5 2135 1.2320 0.335
90 3.125 1.7350 0.753
147 4.125 2.1405 1.131

With all tie points of tlhie ebove graph (fiz. 15) fclling
on a stroi,;ut line, only two points would be necesscry te
édraw the line. After the line L.ad teen deter.ined, ctlen the
time for filteriny any taickness ci ke could be ceter.ined from
tiie graph.
Tae equation of a strai_ht line 1is,
‘y = mX + X

Tlhen the ecuation of line of fiz. 15 is,

Y mlx + k (1)

1
woere,

y = Log L VYake thickness in inches.
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X = log © Time to filter cake in minutese.
Ml = glope of line.
kl = constant.

But it is desired to get a relation between cake tliickness,
filtering f£ime ané pounds of filtrate. Then 1t will be nec-
escaPy to plot log of vounds of filtrate and lox of tire.

Table XXXII
e v Log © Lo V
14.5 _ 3.16 1.1662 0.500
46845 5.97 1.638 0.778
20.C 8.78 1.954 0.943
147.0 11.60 2.188 1.0865

Equation of line, fig. 16,

y =M%+ Kymmmm s e (2)
where,

y =Log V Filtrate in pounds.

x = Log © Filtering time in minutes.

Mz = slope of line.

k = concta to

2 onetan
By substituting in (1), we have,

Log L = Ml Log € + Log kl
Trcnsposing,
Ml Log ©

Tog T T leelk

Removing the logz, we have,
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By substitutins in (8), we have,
[og = T >
Log V s Log & + Log k2
Transposing,

Mg Log ©
Log V
Yo
or, 8 = =K, e e (4)
v pz

¥ultiplying (3) and (4), we have,
okl * ¥z
T =¥ K

v combining the slopes of the two lines of fiz. 15 (I7;) and

fig. 18 (MB) into & single slope U and tie eonstants kq end
ko into a single constant k, we have,
m
£ -
VL

rearranging,

B. Application of eg-ation (Z) to Slurry I.
Procedvure:

In as much as tie testins wien a one inch frome wre fill-
ed; hed bcen determined previously, (fize 14) it =ill not te
necessary to repeat ite.

The one inci frame was inserted in tlhe press and filtra-
tion storted at Zs‘u'per- €q. in. pressure. Then tlie recuired
amount of filtrcte was obt ined the time wes taken. This wes
ten repeated for a two inch cake.

Dzta



Table XXXIII
Run Time(minutes)' Wte of Filt. in | Cske Thick- | Pressure
pounds. necs in ine.
1 16 3.186 1.1285 £5
2 49 5.97 24125 <5
Temperature of elurry 19°¢C.
Cclculaetions:
6~ = LV k

Aoply this ecuation to tie two

ressure, by plotting log L vs. log

'3

of tie line (fig. 1Z).

Table XXXIV

runs at t:e constant

@ andé observins the slope

Run e L Loz © Loz L
1 16 1.125 1.204 0.051
3 49 2.125 1.6890 0.328
Thie line shown in fip. 15.

Ml = slope of line = g%%% = .580
Plotting log V vs. log © and observing the slove of line.
(fig. 18)

Table XXXV

Run e v Log © Log V
1l 18 3+16 1.204 0.580
2 49 5.97 1.690 0.776

In as much as the cata of this

table anc t2t of tetvle



XXXII ere practically identicol, ti..e slope of t:

Tige 15 will be taXken 2s t e actual slope.

i, = slope of line = 47/85 = .57

2
Iy = Ml + Mg = «58 + «07 = 1.15
Arplying tiis ecuation ts run 1, ve Lave,
ol-15 - 1 v x g
Substituting we have,
(13)1+15 = 1,125 * 3.15 - k
24.2 = 3.8 k
k = 8.¢4

Calculation of filterin: times:
For 2" fra-ese.
(6)1:15 = 5.64 + 5.97 « 2.125
(9)1.15 = 84.4
6 - 1.15'/823—
2] = 47.5 minutes.
For 3" fraumes.

(9)1015 = 68.864 °* 8.78 ° 3.155

(e)l‘15 = 183.
o = 1'15" 182.
e = 92.5 xinutes.

For 4% fraw

(V]
[4)]

(6)1°15 = .54 * 11.6 * 4.135
(e)1+15 = z1s.

) = 1‘15/ 318.

e = 150 minutes

Taple XXXVI

€0 ¢
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Comparison of Filtering Times.

Cake Taick- Bad_er & XcCabe Form. (5) F.| Actazl T.
ness inchies. Forame. T. in Yin. T. in lin. in Yin.
1.1235 15.5 16 15
2125 55 47.5 43.5
3.125 102 9205 30
4.155 172 150.0 147.
°/o Variation from actual °/0 Variation from Actuel
of Badger & LcCabe Forrme of Formual (5)
3.3 O.
18.5 Sel5
13.2 2.78
17.C 2400
Discussion:

The application of the ebove ecuation (5) as slown, is
compearatively simgzle. It nerely consists cf makins a run with

a cne inch ceke, drewing a graph: wuich is eilther 2 V» - 6 or

log V - log © grapn, to deteraxine tle point at which the frame

is filled« After tl.e gcunds of filtrate have .een ceternined

or ti.e one incn caXxe , tie pounds of filtrate for = ", &%,

Fh

and 4" cexe are cetzriined. A gecond run is tilen wace, filt-
ering a two inch ceke, the time bein: noted wien tie reguired
arount of filtrate Lizs been octtain-d.

With this data a loy @ = log L and a los © log V yrevh is

)

 conetructed and t-e slopess of the lines noted. Usin.: t-e céata

[oN
¢ 8]
'
@
w
e,
O
m
t+
e
&+
o
ct
[42)
[oh

¢f t“e one inch cexe, the values of V, L, en

in tre ecuation.



o
'.\k’

tr
e+ =XLYV
the value of Y being eaqual to tie combined slones of tl.e tvo
lires. From tiis tie value of k is deterizinod. After ¥ Lss

been calculated, tue filterin ; time for 2ny thicliness c:zke

:3
v
e
Z.

may e Getaral

;),
[

Thue results obtiined Zooa Tiils cguation densad rrertly
tron tlhe accurateness of the initial run. Tact is; tle Tun
wiere tle time 22d filtrate of 2 one inch cex2 are déterrined.
Great care sihould ce taken, *ien, in deteruining V ancd 6 for
ti:e one incua caxe.

By referring to table XXXVI it maj be seen that tlie ecua-
tion nolde fairly well. It is seen that by ecuation (&) the
calculatéd values vary only from O to 2.78 9/ from tle act-
val filtration values. However, %t-he filtrztion times ¢s col-

culzted frow formula of Budger and !clade vary froia 3.

18.5 ©/4.

The correct metliod to use, in d

]
ol
ct
¢}

(D

r.iniac wien tic ceke

ie filled, devends uson tle °lur“" veing rilterad. I tre
glurry is filtered ®ery easily, vrovably the dest retiod would
be the V8 - @ graph. However, if ti¢ slurry is cellodial or
otiierwise difficult to filter, 1t is best to use the lor V -
loz © graphe Taen interpretin. tlhece groaphs, it wmast be under-
stood tlat when tle line starts %o curve that the calle is not
necessarially entirely filled. It does 'mean, however, that

t.e 1.21f ca¥es on erch filter cloth nave touched z2ch other

-

If the graphs are rcad correctly a siort time will Dbe






allowed for a coumplete filli..; of tl.o frawee. The time 2llow-
ed Gependiny upon tihz totel tims of the cyclee In 2ny cise
reaxter tihan one Linute 22G in

ti.e tize allowed will not be g

riore *luan thirt

Q
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VIII. Comparison of the rz2te of filtration, using tiic seve-

ral different kinde of filter clotiis of Edward H. Rest & Co.

Procedure;

Nine sets of filter cloths of tie Edward He Best & Coe.
were cut for use on the filter press. Tie same vrocedure was
used in connection with tl.e filter press as described in part
III eec. A. 3lurry I was filtered uncer tli.e saxe conditions,
wit: only tlie filter redium veing ciiangede Filtration wes

o

carried on at a constant pressure of 357 pers. sq. ine.

Catas

Table XXXVII
Period] Time(sec.) | Filtrate(los) | Total Filtrate(lvs)| Pressure
1 50 2 3 2 1/4 33
2 155 2 i 5 2
3 335 2 3 7 % 32
4 555 2 % 10 | 32
5 900 2 1/4 12 1/4 ‘ 32
Rezular Duck Cloth
1 55 2 % 2 % 32
2 160 2 5 32
3 330 2 % 7 % 32
4 560 2 % 10 33
5 905 2 1/4 12 1/4 32

Cloth No. 3565--—-Edward H. Best & Co.




Table TV11  (Continm 4)

Period | Time(sec) | Filtrate(lbs) | Total Filtrate(lus) | Pressure
1 50 2 % 2 & 32
2 150 2 % 5 32
3 320 2 % 7 % 32
4 570 2 3 10 32
5 920 2 % 12 % 32
Cloth No. 5085---Fdward H. Rest & Coe
1 47 2 % 2 % 32
2 180 2 % 5 22
3 345 2 3% 7 % 22
4 600 2} 10 32
5 930 2 1/8 12 1/8 22
|___Cloth No. 8367-——Fdward H. Dest & Coe
1 20 2 4 2 52
2 50 2 % 5 32
3 75 2 % 7 % 32
4 180 3 3 10 323
5 525 4 14 22
Cloth Noe. 1648—-—-Tmdward H. Best Oe
1 42 2 % 2 % 33
2 135 2 % 5 22
3 200 2 % 7 22
4 540 2 % 10 23
5 900 2 1/4 12 1/4 32

Ecavy veave Cloth--—Edwerd H. Best & Coe




Period | Time(sec) | Filtrate(lbs) | Total Filtrate(1lbs) | Pressure
1 47 2 % 2 % 32
2 150 2 % 5 32
3 320 2 % 7 % 32
4 550 2 % 10 32
5 900 2 1/4 12 1/4 32

Cloth No. 103Q---Edward H. Best & Oo.

1 47 2 % 2 % 32
3 155 2 % 5 22
3 340 2 3} 7 % 33
4 595 2 % 10 32
5 910 2. 1/4 12 1/4 32

Cloth No. 4555---rdward H. Best & Co.

Temperature of slurry 19° C.

Results: o
- Table XXXIII

Comparison of filtration rates of several kinds of filter eloths.

Cloth No.  Filtrate # Filtrate Time (sec)
Reg. Duck Dlear 12 1/4 900
3565 Cloudy at starte. 12 1/4 205
5085 Clear 12 3 920
8367 ' Cloudy ar sturte 12 1/8 330
1642 Very cloucy. 14 ‘ 525
Heavy Weave Clear 12 1/4 900
1030 Clesr 12 1/4 900
4555 Clear 12 1/4 910
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Conelusions:
The icea in cuhoosing a filter cloth is to eclect one
vihiclh will allow tic . rcatest amount of Filtrate to nses tLro-

uzn and at tie saxe time be able to stand up under tis clhemi-
cal action of tle filtrate and vrecinitate. Tue function of a
filter cloth plays 3 very small part in tle actual filtre tion
cycle. The cloth affect enters only in trne initial stnies of
filtrztion. e precipitate at ti.e bezinuin:r ol the cycle cdd-
lects on the clotlh and arfter a small amount has built up tlre
nrecivitate acts as its omr filter mediume. Tae filter cloth

is necessary through-out the filtration cycle, howvever, tecouse
it rolds tuec precipitate in the chamber.

Concluding from tzble XXXVIII, we wey say that tie rete 6
filtrotion is affected very little by Tilter clotii usz2c¢. 1In
other words wore attention could ve spent to controling teup-
¢rature and pressure than in selzcting tle filter .odium. Fow-
ever, wien ti.e precipitate or filtrate efrfect tue clotl ciemi-
cally, treun sreat cure thould te tolen in tlc selection c¢f the
vrover mediumne

In only cne cage in tie avove teuke dida the tine very

Y
v

<4

creetly fronm tho otler Tiltering tiies. In tiis cvse the filt-
er cloth wes very porous &uc :uclh of tie precipitnte noseced
tiirourh the clothe It will be scen from table XXXVII tie
during tle initiasl sta_.es of filtration tlie filterin. tires
veried somewaat. EBowever, after tlie cake built un to witere it
was serving as tue medium, filtration resained constant tlr-

ocurhout the rerainder of ti.srun.
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Provacly thz crecatest variations occur, not tectuce of
tre filter cloth, but because or eli, nt aiffersiices in vrress-

ure ar teumerature controle.
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IX. 1Investi:=tions of tie wasZing dharacteristics of ¢iffer-

ent slurriese.

A. SlU.I‘I'Y I.

Filter Press.
Procédure:

In carrying our the washinwg of a cake the filtration cycle
=g carrizd on as in all cases using ti.e filter ovress (Port IV
Sece A). 7Then the Tiltration cycle Lad been completed tre val-
ves on the water line werc regulated so that th: water wes app-
lied to one filter surface at tle same pressure as ti2t utsed
in filtering. The water passed tirou.n the cake aad filter
clotias and into tle grooves of the plate on the ovnosite side
of tle cake. The wash water tzen left thie press tzrourn tie
discharge cliannels At cefinite Intervels of time scrmles of
the wash water were taken aud analyzed for NaCl. After the Na
Cl had been recuced to 1 cc N/10 Az NOgz per 10 cc of wask weter
ti:e valves were closed. |

Due to thc cracking of tiese cekes, repect runs were made,
wirere, on the final few minubes of filtration tlhie nrecssure wes
increased to 70’*. Washing was then cerried on at the stnme
prescsure as vefore.

Direct weshing wszs also carried out, with apparently bet-
ter results than those oktained by tre counter flow wash. Afs%
ter tlie filtration cycls wos completg tre wosh water was forced

" %Lrough the feed chennel. GSaumples were taken as before.
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Tatas
Table XXXIX
Counter Fdow Wash.
Time (Inutes) cc AzNOz per 10 cc of filtrate
0 194.
0.5 | 125.0
1.0 111.8
2 53.1
3 425
4 357
5 33eC
10 28.1
15 21.9
20 18.1
25 17.0
30 14.5
40 3.1
S0 1.25
Temperature of water 19° C.
weisht of wesh water 33 %
Weigcht of coke 3 12/16#
Pressure 22%/s5¢. 1.
°fo TWater 85 °/o

Plot time in winutes vs. cc X/10 A:IC per 10 cc of wish waters
(fig. 17)
Teble XL
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Counter Flow Tash

Time (Xinutes) cc AgNOg per 10 cc Uater.
0 184
) 105
10 73
15 8l.C
20 43.0
25 375
30 33.0
40 2645
o0 13.0
%o 14.2
70 3.0
80 6.8
90 5.8
100 4.3
110 3e7
150 1.0
Texperature of water 129 C.
Weicht of wash water 28 7/161k
Weizht of cale 3 13/16#
Pressure 32 #/Sg 1"
°/o Water 82 °/,

Last five minutes of filtering cycle, the pressure was raised

to 80 per. sg. ine
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Tue ¢rta of teole XXXVIII wrs then plotted. Tine in iinutes

Ve ccA:XOS per cc 10 of wrskh water.

Table XLI Direct Washing
Time (minutes) cc AZNO; per 10 cc Water
o 195
C.5 124
1 181
2 124
3 107
4 99
5 87
10 38
15 14
<0 8.0
25 2.6
30 1.5
35 0«5
Temperature of water 18 © C.
meizht of wesh water 20 #
meizht of cake 3 12/16
Pressure - #/sg. in. 33
°/o Tater 85 °/,

The cata in taple XLI was t.en plotted, time in minutes

vs. cc N/10 A0, per 10 cc of wesh wotere. (fig. 10)

3
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Suction Filter;

The precedure in Ffilterin; witl a suction filter is ces-
cribed in part IV - sec. B. aAfter tle weenin: crycie wos com—
nleted, a lar_e guantity of vasl. witer wes poured over ile

cc¥xe 2nd ti:z vocuum ept tle stame as was used in Tiltering.

w2 tlhe pottle viich wrs attrcled to

bt

At repular intzrvals of t

O

tie Crain vilve wis reroved end wasl: veter curngece Tae bkottle
wes lunediately renlaced, valeed turned to tazle e2.3le, revov-

ed and enother Hottle put in its place.

Taeking szmoles in tihis way 1s rather ineccurate in as
ruch as the pressure is affected oy tie removal of <iic tottle
Tteccuse tle pressure Léas to e bulilt un in tilie bottle ecch
tire 1t is removed. Taen teoo, tle sawples collectad will not
be truly stuples at tie moment. Due to the time elrpeed bet-
veen the tise ¢f curping the waeh vater and t:“in: e »~lecs, thhk
stuples will be a2 little cumuletive. However, for ordinery

sractice satisfactory results can be ovtoined.

Table XLII

Time (minutes) cc AzNOg N/10 per 10 cc TWeter

0] 127
137
1591.5
120.5

183.5

o N

187.C
10 179.5
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Tavle XLII

Continuted

Time (minutes)

iy
ck
0
=

S

cc Acli0z per 1C cc of T

15
20
&b
30
40
20
60
70
&0

40

~
<

10

(6]
L ]
o

O F H N b
L] [ ) [ ] L ]
NW m o

o 2

O

.
w0
(94

Terperature of water
Teiznt of wosh water
Czlke thicxznéss
Tei ot of coke

| 22

water

The data of twvle XLII wss tlen, plotted;

B. Slurry II
Filter Press.
Procedure;
Tesiing of a filter

in tie sfuae oy

of

tiis part. Tae
wiskhing, slurry II

crackinge

caxe using slurry
as w.en sluryy I wes
smie aifficulties were also

beins alnest i1wmpossicle to

cc ALKOz ver 10 cc of wosh witer. (fic. 20)

II wos ¢ Z2ied out

tiat i3, scctlion A
egacountered in

va- Y ety AT -
:‘C.S.g [ b;~OL’.t



~1
.

Tc tes
Table XLIII Counter Flow Wash
Time (minutes) cc AzNOs per cc (10% Wash

0 185.0

De5 88.5

1 755

2 735

3 71.0

4 88.0

) 568.0

10 2.9

15 1.0
Terpcrature of slurry 13° ¢C.
Wei_hit of caxe 3 3/4*#
weliht of wash water 14 5/164f
Pressure so /3¢
°/o Water ’ 41.4 °/,

Plotting time in :rinutes vs. cc N/10 AgNO; oer 10 cc
of w=sh water. (fiz. 31)
Suction Filter.

The proccdure in this case is the samne as in section A

of this part.
Datz:
Teble XLIV Continuous Washting
Time (minutes) cc X/10 AclO3 per 10 cc of we=sh

0 193.5
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Tab e XL1V

n

Time (minutes) cc N/10 Agl0, per 10 cc of Tash

1 48.0

n
O

1

2 (0¢]
.

P
3
4
S

[9)]
. .
o & O O

10

s
L]

Teinperature of Wash 18° ¢
P ] +#
weis it of cekXe in pounds 7 3/4
s P . - HF
Wel. ht of wish water 1a pounds. 45

Pressure 9-8‘%%?”“

O/° mater ' 43.3

Plotting time in minutes vs. cc N/10 A¢NOz per 10 cc of

wash woter. (fig. 22)

Tiscussion:
It was alxost iuxpossible to

tie counter flow metiicd c?f wrshing, using the filter oresse.

Tiiis is not surprising, however, because when Izha2 ¢t Xe 1s being

[ 4

n

¢

filtercd the coke builds up cn 2cclh side, from tli: center.

TLen wesiing is started the flow of water throu:.ht ralf cf the
ceze is in tus opposite direction, thus tiere is a jrest strain
uson tiet nalf of the cake. Unless tie ceke is quite solid
end tniform tiis Lelf of the eake is very likely t» crack, al-
lowing the weter to rexci the center of tihe cike and only pro-

nerly wosling ons Lalf of the calke. That is, the nalf tircughh
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wiich tie wash water vosses ia the s -2 dirsction as J1¢ tle

to fize 17 it ﬁill be s2en tlot thiis very
toings Lappeneds  When the water wes first turned on tic crre
croeked end toe filtrate in the vours of the onsosite Leolf of
tie care wzs forced oute. Hofever, 2t the end of 2bout five
minutes the water se2us to Le groduslly absorbian~ the llecel
from th:z cracxed caie and t.o line flattened oot so:z2 viet. It

t-e absoroin.; of filtrate from th= cracxcd Lalf cals viich

 enad

)
v

vrevents tie raoh fron followin,s tl.z course of tiz ¢ottod line.
Finelly all of tle Lacl was remcvede.
Cakes waehad ac rewresentad in fiz. 17 were thien teeted

for Yacl. In all cnezs very little Ilecl wes 128t in tie calke

~4

Altucu-h all the YNacl uwny

, ~A > = < PR NN P
g r2ucvaed, 1t Goes not vcsn Lot

T

N ~ ~ b3

grtisfactory results Liave peen outsined. e awomat ¢ teeh
witer o8 well eas thie woshiln. tize cre tacroased.

In 2n atteunt to overcowre tiiils cracling oFf ti: cake wany
exverirents vere tun. llost of %tuecse trials were tri-d by diff-
erences in wressure of filterins and weshiings Finnlly; sctis-
Tactory recults were ovtained oy incr:asing ti: oressire dur-
ine the last five minutes of the filtering cycle to 60’*/sq-in.

. o .
washing of the cake wes thien carrizd on at 2 to 35 o

5
Eaising of tie filtering pressure to od‘ et tie colke

so ti.at it wes wore or less uniform tirousihout. Then tie washn
wnter was sradually epnlied to tie crve, Gisnlacsaent ~rodually
toox place, which ~oeve 2 very szooth curve. (£fz. 12) 4rsin,

tTis metlhiod cof wrslin: is for from satisfoctory. As will be



secen in fic. 12; in order to wash t.¢ crle to 1 cc of /10
A0z per 10 cc of vesh wnter 145 wlnutes arve retuired.  Tre
wours of tie caze ar2 ralueard in size v tl 2 iacronoczi vress—

vre of filtration ana the tesain: rate Is ¢.creusede.

There 2re also discdvinta es in direct ~o2eiin . Tuet is,

o~

vreliny throu h the feed cionnele Yien & coilo iz filtrred, that

soravle to exnect thzt t3§ c e vill De less comiiet in this
corner. Wuen the wash woter is turned on trere will e 2 tend-
ency for the wast water to pass tlrou~nh this cornar of tl = cske.
If the woter finds no difficulty in vessin: tiro> 7 t2is rort-
ion of thc ceke, it vwill not re=2ch tiio on.oosity corincrs of the
cexe wi.lch crz adre comdacte In otl :r words, channcling occurs
and *tie cn¥%e is not vroverly voshed.

Reference to fi-e 13 slhows veculisrities, wiiclh are pro-

-

oetly due to cannaelin « Tae line of thc

. 1 g~ N -o
crach conase dewn re-

e

vlarally, which shows prooer woe inz for epout tarze minutes.

)

coint tio line t-mies a ratier siarp jozy wiica incicates

At tiis
cranneling. Taat is, water sezms to oo coming tirs oo tls cake
sowe nlace vilclh does not take up erny ¥Wacle If channelinz had
nct taken oclzce, tue curve would nave bL:iex morce reouwltr like
tiet of fig.e 2C.

Table XLV Conmnparison of Tasuing tiwmcs

Tyoe of Tashing Wte of Wash Tater(los) |Tash Time(mine)

Counter Flow 28 % 55
Ccunter Flow (svecial waskh 33 150

Direct Flow 20 : 35
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Wasghingy with the suction filter is 2 wuch ensier onera-
tion then that of tic filter prossy especially with this tyne

of slurry (slurryl) The eake is wrsi.ed in €0 wminutes ot a

muclh lower pressure tien tint used witl. tl.e filter prsss. Tae
weéeling apuroscies that ol ideal woshing, s shova in fig. 20.

In gzeneral, wasiing coasists ¢f twe onerations, nzrely,
firet replesciny filtrate from tie vours of the cale, 2nc sec-

ond, grzcdual elimination of ebsorv:d chiloriae fron Si: ctke
gurins the last portion orf the vwisite This is illustroted
very well in fiv. 0. Toe Nacl is being removed Iro:

or tii: ccxe for % filrst twenty or

ct
=
@
ks
ct
3
ct
Ej
b
v
[ 3
L
ct
C
[&]
=3
ct

.2 o 2 o - 4 “ - - N -y T T SEE NN L .
tiils voint the Necl in tuos »ours es pesn roaovad ond e re=—

woincder of tiu2 vasl woter ig spcat in elscroing toz Yacl from

Tiie results obtininzg from slurry II wsic similar to those
of slurry I. However, I wes un2ble to obtain satisi~ctory data

with the filter press on a cake wiich ¢id not crack



X. Ccnclusions:

Un to tie precent time, wit
tlere is no ratieratical ejuotion Jor trectins filter dote
wiich 1s satlisfactory For iadustrizl proctice. Tois one

nesible exception ig too vork "3tucies iAd Filtratioa" by

s

(bs)

« T. Ruth wuich is not yct entirely pudlished.e 0Of tle vork

—
M

viicn lLas b-en published (4),(2) I rave been unables to wke

5

a tlcrou il Bnvcsti ation.

Tyves of experiments to bte ecrrricd out in filtretion
devends -reatly urnon the tyne of slurrye. The genernl behevior
of & certein slurry ray be deterxined wit:: an oriinnry lebor-

.

tory suction filter. Eowever, it rould not be wise to bose

[p)

-

cclculations upon such cata becruse of tihe suallness ¢l ecuip-

ment end sll quantity of slury;, tiere is :srezt cutnce Ior
€rTOTe.
The :enerslly accepted filtrotion equadions todiy tre

ti.oce proposed by Lewlis (1 Z)e. However, D. R. 3gerry Les
J ’ ’

&)

przcented ecuatlons waicuti constitute anotler :roup 57 Tiltra-

N

a <

tion ecuations (3). aond differ frou the eque

ct
'.J-

oas ol Lewis
only in the :ranuer in wiich tl.e filter buse resistonce is
trecteds 3perry's trettuient leads to a uore foraidevle egua-

ticn then does Lewiste.

By referring to part II of tiiis thesis 1t is scen tlat
tie ecuations of Lewis are very difficult to undersitcnd, and

tleir derivations very cowmsclicated.

The validity of these erwq+1cn is illvstratad in wert V
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cooves Tue filterin. tines 2s culeculatad Ty thi: eoun’isns
vary from 13 ©/o to 21 ©/0 Ffrom tie 2eturl filterin- tires.
Great eare D=ing used in corryine out the filtration wiile
data wns being collzcted. An ecua*icn to be of industrial

use sitould not slow calculated results varyings as much as

80 9/0 from ti.e actual vzlues.
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VII) oproozdbly tle latter is wore sasisfectory. =Taation (1)
of wcrt VI seems to Lold fairly well for tie slirrizs used in
ot not Lold For other slurries. The

tils work, out wiica wig

<

cerivction of this ecucticn is not based on matieatictl ccl-

:& on ovservations 313 results I

ny

(o]
b

culations. JRatier it is ©
e

nave oovtained In wmy work. In 21l coses I observed tint tre

eny tuicknezs colle ver-

iy

time to filt=r tl.e fin2l one inci o

as tue firet power of tl:: thicknesc.

(B2
§Y]
[oN

Tquation (8) of part VII proves very s2tisfactsry. The
ccleuleted valuss by this eque tion.varyins only from 2 ©/4 to
nezrly 3 °/o (t2ble 28). Tuis verirtion could ensily be with-

in exverimental errcr.

¢

Tre problem ¢ selectin; a filter weciur is nst so ruch
selecting one viich will allow the . reatest awmount of filtrate

to ness tirousiu, dbut Low lon: will 2 certein mediwm stonc up

ilter wedium oroolem veories,

using a nar alar slurry. Tie
Lowvevar, Cevenain; u on th:s slurry beiny filterszce.
Weshing of a filter cake is a preater proolem tlisn is

ererally pelieveod. The weoesldn, tecinlcue cran.os covizy time

N

tiie filterin; tecinique clicnesy Cracuing of coke 1s ¢ comuon



Giivieuwlty in wusiding,

0

¢ 18 channeling of a calic. T.ctler

or nct counter flow or C{irect wosLin, is used, depends w on

tvo foetorse  Wien craciing occurs cirect viéswing 15 so.e tines

ueed. However, 1n cese cu#nnelin: occurs with diract waeling

tie crxe is couw:ressel by sonecinl ecuivwent, end then weesled

vy counter flowe.
Filtrzticon as anplicd to most slurrizs is 2 1orie prob-

lemes There dxve so many verieples involved that resvlts viich

ci.eck are difficult to odotein. TFor exvaeriwmental work the

tecunicue of filterin:; c2n obe csveloped by practice cad

greet caree.
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