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~osage of aluminum sulfate was estimated , and the best condition of the reacti°r
especially for pH and temperature of the solution were fixed. Also includes the
filtration process , the ideal sand filter and the designing of the media bed ,
the using of polymers as fi l tration aids. The type of fi l ter structures ~verediscussed . The gravity and pressure fi l ters were concerned. The results of this
effort indicate that the recycling of laundry wastewa ter at A rmy installations
is not cost effective at the present time .
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PART 1

CHEMICAL COAGULATION AND FLOCCULATION

Iron Compounds as Phosphorus Precipitant both ferrous (Fe2
~) and

ferri c (Fe3
~) Ions can be used in the precipitation of phosphorus wi th

Fe3+ a reacti on can be written similar to that shown earlier for precip-

itation of aluminum phosphate . A 1:1 mol e ratio of Fe:P04 results . Since

the molecular weight of iron Is 55.85; the wei ght rati o of Fe:P Is 1.8:1.

Just as In the case of aluminum, a larger amount of iron is required In

actual situations than the chemistry of the reaction predicts . With

Fe2+ the situation Is more complicated and not fully understood. Ferrous

phosphate can be formed. The mol e ratio of Fe:PO4 would be 3:2.

Experimental results indicate, however , that when Fe2+ Is used; the

mole ratio of Fe:P will be essentially the same as when Fe3
~ is used.

A number of Iron salts are available for use in phosphorus precip-

itation. These Include ferrous sul fate , ferric sulfate , ferric chloride ,

and pickle liquor. All will lower the pH of wastewater because of

neutral ization of alkalinity. Pickle liquor con tains substantial amounts

of free sulfuric acid or hydrochloric acid.

Iron salts are most effective for phosphorus removal at certain pH

values. For Fe3
~ the optimum pH range is 4.5 to 5.0. This is an unreal-

istically low pH, not attained In most wastew aters . Significant removal

o~f phosphorus can be attained at higher pH. For Fe2’ the optimum pH Is 
- ,

about 8 and good phosphorus removal can be obtained between 7 and 8.

The acidity of ferrous sal ts , and especially pickle liquor , necessitates

addition of lime or sodium hydroxide for good results. Where the water

is aerated following Fe2+ addi tion, the use of a base may not be necessary . 

~~~~ ---—.
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F~rric chl or ide  i s  av a i l ~ b~e i n  iry or l i quid form . A crystalline

Hr , (r~~i3 6H20) is also availa ble. The crystal l ine form wei ghs H

8O- b~ lb/ft 3. The an hyd rous fu rm w r :ighs ~3— 9I ; l b / f t 3. The typical

li qu id form contains 25—45 percent ferric chio ’~ide and weighs 11 .2 —

i~~.4 ~h/ga~.

If i ron salts are use d f or wasi .e~ater -:.o~guietion , a small amount

of bas e , usuall y sodium hydroxide o - lime i~ r aui red to neutralize the

ac~Uity of ~nese strong acid sa lts in so ft ~~~~

P O LYELEC TR OLYTES

Polye lectroy ltes , or polyme rs , may be use~ in advanced wa stewater

p lan L~ ~u prim ary coagulants , as f1 oc cu1~ tion aids , as filter aids , or

~or slu’i cjc conditioning. In treatment of certain wastewa ter~, l i m e  or

alum alone or in combination may produce a fine or light floc which

set tles ver~•- slowly. If so, there probably is a polyme r which , wh en

used ~ d~ a i d  to ‘iime or alum f locculat ion , w i l~ produce a rapidly

set t l ing h oc .

;~ddit ion cf the proper amount of polymer at ~he right po~nt  i n

t reu tment car greatly improve removals of both t j Y L i d i t y  and phosphorus .

Jar tests are of some value for pr&i iooy screening, but plant sc ale

testy- inst hi employed f ir fina l selcct ior~ and for dete~n~ini o~ Op~~lI uT

drf d - ~’- ~~~~~~

Some pcly;ucrs sold os a ‘ l r~v ~u~ i r  ~ec~uire spec ial procedures for

prep ’-at i on of water  solution. Spec if i c instructions may be obtd~Iied

fr ri the ,~~pl ier , but in genera l the follow ing steps are necessary .

lhor - uut~l~ wet the polym er pow-fer h~ means of a funnel type aspirator ,

aid ~~1r :- water and mix usually for about a’ hour , wi tfl gentle , slow

2
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stirring until all of the polymer is in solution.

Test in the Chemical Lab by Using FeCl 3
NOTE: Every test in the lab was repeated several times and the figures

in the test are the average figures .

Reagent

1. Ferri c Chlori de

FeCl 3 6H20

20 gm In one liter wate r

The concentration 20,000 ppm/ l

every 1 ml of the solution = 20 PDfl
2. Sodi um hydroxide

NaOH

20 gm in one liter water

the concentration 20,00o ppm/ l

every 1 nil of the solution = 20 ppm

3. polelectrolyte or polymer (W r 2700)

0.1 gm in one liter water

the concentration 100 ppm/i

every 1 ml of the solution

Apparatus

1. Turbidimeter

2. ph meter

TEST NO. 1

sample of the laundry wastewater 125 ml

pH of the sample 10.75
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by adding

l~ .5 ml FeC1 3 conc- 20,000 ppm

pH of the water 3.75

by adding

2.5 ml NaOH conc-20,000 ppm

pH of the water 7.1

by adding

in ml Wt 2700 conc.lOO ppm light fl oc

TEST No. 2

Sample of the laundry wastewater 125 ml

pH of ~ne sample 13.5 PH

by addi ng

12.5 ml FeC1
3 
conc 20,000 ppm 

F

pH of the water 3.75

by~adding

3.25 ml NaOH conc 20,000 ppm

pH of the water 7.35

by adding

10 ml WI 2700 conc 100 ppm very good floc.

July 18, 1975

TEST No. ~ 3

sample of the laundry wastewater 125 ml ph of the sample 13.25

by adding

14 ml FeC1 3 conc 20,000 ppm

pH of the water 4.5

by adding

1.5 ml NaOH conc 20,000 ppm

pH of the water 7.25

4 ~~~~~
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by adding

10 ml WT-2700 conc 100 ppm light floc.

TEST No. 4

Sample of the laundry Wastewater 125 ml

pH of the sampl e 13.05

by adding

15 ml FeC1 3 conc.20,000 ppm

ph of the water 3.75

by addi ng

2.5 ml NaOH conc 20 ,000 ppm

pH of the water 7.50

by adding

10 ml WI 2700 conc 100 ppm light floc

TEST No. 5

Sample of the laundry wastewater 125 ml

pH of the sampl e 13.15

by adding

-

‘ 
13 ml FeC13 conc 20,000 ppm

pH of the water 6

by adding

0.85 ml NaOH conc 20,000 ppm

ph of the water 7.5

by adding
10 ml WT 2700 100 ppm

bad f loc.

-
~~~~ 5 k
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TEST No. 6

Sample of the laundry wastewater 125 ml
pH of the sample 13.15

by adding

19 ml FeC13 conc 20,000 ppm

p1-I of the water 3.50

by addir~
4.25 ml NaOH conc 20,000 ppm

pH of the water 7.5

by adding

10 nil WI 2700 conc 100 ppm

excellent f1oc~
TEST No. 7

Sample of the l aundry wastewater 125 ml
pH 13.2

by add ing

16 ml FeCl 3 conc 20,000

ph of the water 4
by adding

3.25 ml NaQH conc 20,000 ppm
ph of the water 7.8

by adding
10 ml WI 2700 conc 100 ppm

good floc

6
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TEST No. 8 - . 
• 1

Sample of the laundry wastewater 125 ml

ph of the sample 13.35

by adding

14.3 ml FeC13 conc 20,000 ppm

pH of the water 6

by adding

1.15 ml NaOH conc 20,000 ppm

pH of the water 7.50

by adding

12 ml WI 2700 conc 100 ppm

TEST No. 9

Sample of the laundry wastewater 125 ml

pH of the sample 13.35

by addi ng

l4~,6 ml FeCl 3 conc 20,000 ppm

pH of the water 4.9

by adding

1.65 ml NaOH conc 20,000 ppm

ph of the water 7.5

by adding

12 ml WI 2700 conc 100 ppm

TEST No. 10

Sample of the laundry wastewater 125 ml

ph of the sample 13.3

7
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by adding

15.45 ml Fed 3 conc 20,000 ppm

ph of the water 3.94

by adding

2.55 ml NaOH conc 20,000 ppm

ph of the water 7.5

by_adding

12 ml WI 2700 conc 100 ppm

L~ JJ~o. 1i

Samp le of the laundry wastewa -te r 125 ml

ph of the samp le 13.3

~~~~~ ng

1 6 ml FeCl 3 conc 20 ,000 ppm
pH of the wa ter 3.8

by adding

2. 6 ml NaOH conc 20,000 ppm
pH of the wa ter 7.8

by adding

12 ml WI 2700 100 ppm

8
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Calcula tion

TEST No. 8

14.3 x 20 286 ppm

286 x 8 = 2288 ppm/liter FeC13

1 . 1 5 x 2 0 23

23 x 8 = 184 ppm/liter NaOH

TEST No. 9

14.6 x 20 = 292 ppm

292 x 8 = 2336 ppm/ l i t e r  FeC13

1.65 x 20 = 33 ppm

33 x 8 = 264 ppm/liter NaOH

TEST No. 10

15.45 x 20 = 309 ppm

309 x 8 = 2472 ppm/liter Fed 3

2.55 x 20 = 51 ppm

51 x 8 = 408 ppm/liter NaOH

TEST No. 11

l6x2 0 = 32O ppm

320 x 8 = 2560 ppm/liter FeCi 3

9
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~ 20 =

~ B = 416 pprn/ litLr N~0}I

Toe L O C  of ~T—2700 solut~ on i teat u , 9, 10 , ana th’i 11 the same

x .100 = 1.2 ppri ‘~ud 1.2 x ~ 9.~ pp’-~/1i t er.

ne average ~urbidity of t e  laiu~~ j  w este ~-ia~ r 300 FlU .

T hC r~ rhi di ty afte r trea tme nt pk aftc treatment

Test ko. 8 20 FlU 7.5

Test . No. 9 12 FlU 7.5

Te~ L No. 1 0 7.0 FlU 7.5

e L t  c . 11 27 FlU 7.8

Fig. 1 ind icates different ccnc of FeCl 3 wi th differrent turbidity.

“1
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Al oH nUl l 00 ~~~~~~ ~~ ~j

Nhen alu o is added to wcistewute r th tt io presence of alkalinity , the

fol lowing hydro lj zing reaction occ u~~ :

Al 2 (S04) 3 + 6HC03~~.~ -2A l (O H ) 3~ ~3 S04 ÷ 6C0 2. T hf s is a classica l

‘-e~ ction used i n ex p laining the coa gulat i co p rocess in wa ter treatment
plants . The aluminum hydroxide floc is ~ voiuni~nc us , gela tinous floc
which enmeshes and adsorbs coll oida l parti c~es on the growing fl oc

provid ing clari f icat ion . In the presence of phosphates , the fo llowing

reaction also occurs : Fl 2 (S )4 )3 + 
2P04~~~~2A1 P04k 

+ 3 S04 (see

Figure No. 2)

The above two reactions compete for the aluminum ions . At pH

va lues above 6 .3 , the phosphate rernol..31 mech~ i I iso  is either by incorporation

in a comp lex with aluminum or by ~~~nrption cn aluminum hydroxide f loc .

If the hydro lyzing reaction did not compete ‘-~ith the phosp hate precipitation

react ion , the removal of phosphorous wou ld b2 stoich iometric , with 0.87 lb

Jf aluminum required for each pound of phosphor us . In practice , the

~1uninum to phosphorus rat io is on t tc  order 2-3 , depending on the final

phosphorus concentration desired and ~.h chel rlcal characteristics of

the particular wastewater involved.

Again , jar tests provide a good indication of chemical requirements .

Figure 2 illustra tes results of aiim coagulation .

1 
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Aluminum Compounds as Phosphorus Precipi tants

Aluminum ions can combine with phosphate ions to form aluminum

phosphate as follows : Al 3~ + P043 ~~AlP04.

The above equation indicate s that the mole ratio for Al=P04 is

1 = 1. Inasmuch as tht mole r tio of P = P04 Is a l so  1 = 1 , the

mole ratio for A l = P Is 1 = or Al = I when both al uminum and

phosphorus are expressed in terms of gram-mol es or lb-mol es . On

a weight , rather than a mole basis , this means that 27 lbs of Al will

react wi th 95 lb of P04 to form 122 lb of Al P04. Since each 95 lbs

(1 lb-mole) of P04 contains 31 lbs (1 lb mole) of P the weight relationship

between Al and P is 27 lb of Al to 31 lb lbs of P or 0.87 for this

reaction .

The principal source of aluminum for use in phosphorus precipitati on

is 1’alum” a hydrated aluminum sul fate , having the approximate formula

Al 2 (S04) 3 14 1120 (mol ecular wei ght of 594). ii
The chemical which Is also known as a “filter alum” or “paper maker ’ s Ialum ” average about 17% soluble aluminum expressed as A1203 or about

9 1 %  expressed as Al. Its reaction with P04 may be written as follows :

Al 2 (s04)3 14 H20 + 2P04
3 

— -
~~~ 2ALPO

4 
+ 3 SO4~ + 14 1120.

The sulfate remains In sol ution as S042 . The above reaction

Indicates that 1 lb-mole of alum (594 ib) will react wi th 2 lb-mole

(190 ib) of P043 containing 62 lb phosphorus to form 2 lb moles (244

ib) of A 1PO4. The weight ratio of alum to phosphorus is , therefore

9.6:1. The alum requirement per pound of phosphorus may also be

derived from the A1=P mole ratio as fol lows:

Mole ratio Al:P=l :1 therefore weight ratio A1:P = 27:31=0.87=1

Alum contains 9.1% Al. Therefore, alum required per lb of P = 0.87 =
0~~ 1

9.6 lb.
16
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stumn and Morgan (3) state that the solubility of A1PO4 is pH

dependent and varies as fol lows:

pH - Approxima te sol ubility (mg/l )

5 0.03

6 0.01 (minimum sol ubi lity )

7 0.30

The optimum pH for removal of phosphorus probably lies in the range

of 5.5 to 6.5, although some removal occurs above pH 6.5. , Addition of

alum will lower the pH of wastewater because of neutralization of alkalinity

and release of carbon dioxide . The extent of pH reduction will depend

principal ly on the alkalinity of the wastewater. The higher the alkalin ity ,

the less Is the reduction In pH for a given alum dosage. Most wastewaters

contain sufficient alkalinity so that even large alum dosages will not

lower the pH below about 6.0 to 6.5. In exceptional cases of low

wastewa ter alkalinity, pH reduction may be so great that addition of

an alkaline substance, such as sodium hydroxide, soda ash , or li me wi ll

be required. Adjustment of the pH downward can be accomplished by the

addition of sul furic acid but this complicates the treatment process ii

and it may be preferable simply to use a higher al um dosage .

Bench , pilot , and full scale studies have shown that considerably

higher than stoichiometric quantities of alum usually are necessary to

meet optimum ph~sphorus removal objectives. A competing reaction ,

responsible for the pH reduct~~n mentioned above , at least partially

accounts for the excess a lum requiremi’t . It occurs as follows :

Al 2 (S04)3 . 141-120 + 6HC03 • 2AL(OH)3 + 6C02 + 1 41-120 +

3S042 . The following ratios of alum (9.1% Al) to phosphorus are believ ed

17



reasonably representative for alum treatment or munici pal wastewater (4)

P Reduction Ai :P Aium:P

Required Mole Ratio Weight Ratio Wei ght Ratio

75% 1.38:1 1.2:1 13:1

85~ 1.72: 1 1.5:1 16:1

95% 2.3:1 2.0:1 22:1

To achieve 85% P removal from a washwater containing 11 mg/I of P the
alum dosage needed woul d be (16) (11) = 176 mg/i or 1470 lb/ b 6 gal.

Alum Is availab le in either dry or liquid form . It is avai lable in

dry form as either ground powder , or lump form in bags . barrels , or

carloads . The ground fo rm is used for dry feeding. It weighs 60 - 75

lbs /ft3 and is only slightly by groscopic. The liquid form is a 50 per

cent alum solution and is usually delivered in minimum loads of 4000

ga l. The liquid fo rm may be delivere d by rail or truck. It must he

stored and conveyed in corrosion resistant materials such as rubber

lined steel , fiberglass or stainless steel .

18
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Test in the Cher)ical Lab

Rea gents

1. Aluminum Sulfate Solution

Al 2 (S04)3 . 18 H20

20 gm in one liter water

the concentration 20 ,000 ppm/ i

every 1 ml of the solution = 20 ppm

2. Polyelectrolyte or polyme r

We used WT—2700 as flocculation aids

0. 1 gm in one lite r wate r

The concentration 100 ppm/i

Every 1 ml of the solution 0.1 ppm

Apparatus

• 1. Turbidime te r

2. pH meter
-, 

NOTE : The figures in the test are the average figures for several tests.

• TEST No. 1

Sample of the laundry wastewater 100 ml

pH of the sample 13.3

Turbidity of the sample 400 FTU

16.5 ml Al 2 (S04)3 conc 20,000 ppm

12 ml WT-2700 conc 100 ppm

pH af ter treatment 7.5

Turbidi ty after treatment 7.3 light flocculation .

19 
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TEST No. 2

Sample of the laundry waste water 100 ml

pH of the sample 13.3

Turbidity of the sample 400 FTtJ

adding

17.2 ml Al
2 (S04)3 conc 20

,000 ppm

12 ml WT 2700 conc 100 ppm

pH after treatment 7.2

Turbidi ty after treatment 3.8 good flocculation .

TEST No. 3

Sample of the laundry wastewa ter 100 ml

pH of the sample 13.3

Turbidi ty of the sample 400 FTIJ

Adding

18 ml Al 2 (S04)3 conc 20,000 ppm

12 ml WT-2700 conc 100 ppm

pH after treatment 6.6

Turbidi ty after treatment 3.1 very good flocculation .

TEST No. 4

Sample of the laundry wastewater 100 ml

pH of the sample 13

Turbidity of the sample 420 FlU

Adding

18 ml Al 2 (S04)3 conc 20,000 ppm

10 ml WT 2700 conc 100 ppm

pH after treatment 7.3 light fl occulati on .

20
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TEST No. 5

Sample of the laundry wastewater 100 ml

pH of the sample 13.1

Turbidity of the sample 420 FlU

Addin g

20 ml Al 2 (504)3 conc 20,000 ppm

10 ml WT 2700 conc 100 ppm

pH after treatment 6 excellent flocculation

TEST No. 6

Sample of the laundry wastewater 100 ml

pH of the sample 9.5

Turbidity of the sample 250 FlU

Adding : 1 ml Al 2 (S04)3 conc 20,000 ppm

5 ml WT 2700 100 ppm

pH af te r treatment 7

Turbidity after treatment 1.5 FlU

TEST No. 7

Sample of the laundry wastewater 100 ml I
pH of the sample 9.5

Turbidi ty of the sample 250 FlU

Adding : 1.5 ml Al2 (S04)3 conc 20,000 ppm

5 ml WT 2700 conc 100 ppm

pH after treatment 6.5

TurbidI ty 2.5 FTIJ

I
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TEST No. 8

Sample of the laundry wastewater 100 ml

pH of the sample 9.5

Turbidity of the sample 250 FlU

Adding : 2.0 ml Al 2 (S04)3 conc 20,000 ppm

5 ml WI 2700 conc 100 ppm

pH after treatment 6.0

Turbidity 3.5 FlU

— I

-j
‘1
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Lime as a Phosphorus Precipitan t

Calcium ion reacts with phosphate ion in the presence of hydroxyl

ion to form hydroxyapatite . This material has a variable composition ,

but an approximate equation for its formation can be written as fol lows,

assuming in this case that the phosphate present is HP04
2

3HP042 +5Ca2~ +40H -~~~ Ca5(OH ) (P04) 
+ 
3H20. The reaction is pH

dependent. The sol ubility of hydroxyapatite is so low , however , that

even at a pH as low as 9.0, a l arge fraction of the phosphorus can be

removed. In lime treatment of wastewater, the operating pH may be

predicated on the ability to obtain good suspended solids removal

rather than on phosphorus removal

Although it is possible to cal culate an approximate lime dose for

phosphorus removal, thi s is generally not necessary. In contrast to

iron and alumi num salts , the lime dose is largely determined by other

reactions that take place when pH of wastewater is raised. Only in

waters of very low bicarbonate alkalinity would the phosphate pre-

cipitation reaction consume a large fraction of the lime added.

Test in the Chemical Lab Using Al
2 

(S04)
3 and CaO

Reagent

1. Al uminum Sulfate Soluti on -!

Al 2 (S04)3 18 H20

20 gm in one liter water

The concentration 20,000 ppm/i

Every 1 ml of the solution = 20 ppm

27
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2. Cal cium Oxide Solution

CaO

20 gin in one liter water

The concentration 20,000 ppm/i

Every 1 ml of the sol ution = 20 ppm

3. Polyelectrolyte or polymer

We used WT 2700 as floccula tion a ids

0.1 gin In one lite r water

The concentration 100 ppm/i

Every 1 ml of the sol ution 0.1 ppm

NOTE : The figures in the test are the average figures for several tests.

TEST No. 1

Sample of the laundry wastewater 100 nil

Temp 52°C - :

pH 11.5

Turbidity 430 FRi

Adding 
-

18 ml CaO 20,000 ppm/liter

3 ml Al 2 (S04)3 20,000 ppm/liter

2 ml WT 2700 500 ppm/liter

Results : Turbidty 0.75 FRi

pH 11.4

Hardened 500 ppm

Friday, August 1, 1975

1~~T No._~
Sample of the laundry wastewate r 100 ml

Adding 1 ... 12 ml CaO 20,000 ppm/liter 

_ _  _  
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2 ... 2 ml A12 (S04) 3 20,000 ppm/lIter

3_ 2  ml WI 2700 500 ppm/liter

Results : Turbidity of the wa ter after treatment 2.25 FT1J

pH 11.25 
-

Hardness 400

We tried to use less amount of CaO for treatment to l ower the figure of

the hardness. The amount of the sampl e constant 100 ml laundry waste-

water and the pH of the sample 11.7 the temperature of the sample 25°C

the turbidity of the sample 300 FT1J and we used 1 ppm of WT 2700 solution

in the sample.

TEST No. 1 
- 

-

5 ml A1
2(S04)3 20

,000 ppm

10 ml CaO 20,000 ppm 200 ppm

pH after Al
2

(S04)
3 

11.2 pH after CaO 11.9 
- .

Resul ts: The water after treatment: Turbidity: 12 Hardness: 460 ppm GaO3
TEST No. 2

6 ml A12(S04)3 20,000 ppm

8 ml CaO 20,000 ppm 160 ppm
pH after Al, (S04)3 10.4 pH after CaO 12
RESULTS: The water after treatment

Turbidi ty 9.2 Hardness 450

TEST No. 3

8 ml Al 2 (S04) 3 20,000 ppm

6 ml CaO 20,000 120 ppm

pH after A12 (S04)3 9.8 ph after CaO 11.9

Resul ts : The water af ter treatment 
I

TurbIdity 8.00 Hardness 390

29
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TEST No. 4

10 ml A1 2(S04)3 20,000 ppm

2 ml CaO 20,000 ppm 40 ppm

pH after Al 2(S04)3 8.2 pH after GaO 10.5

Results : The water after treatment

Turbidi ty Hardness 300

TEST No. 5

13 ml A1 2(S04)3 20,000 ppm

1 ml CaO 4,000 = 4 ppm

Results : The water after treatment

Turbidity 5.5 Hardness 150 ppm as CaCO3 (See Fig. 5)

Conclusion

1. By using Ferric chlori de in the treatment process for the laundry waste-

water we must use a small amount of base, usually sodium hydroxide that means

we shall use three chemi cal compounds (1) Ferric chloride, (2) Sodium hydroxide ,

and (3) WT-2700 as a flocculation aid. That means the cost goes up by using

more chemi cal compound and complicates the design of the treatment

plant.

2. By using aluminum sulfate and lime we watched the hardness go up by using

very small amount of lime (GaO ) and also more chemical compound may be

complica tes the design of treatment plant.

3. The best method 0f treatment laundry wastewater is by using aluminum

sulfate only to lower the cost by using one chemical compound and simplify ing

the design of treatment plant.

We run another test in the chemi cal lab by using A1 2(S04)3 only:

The amount of the sample constant in every test = 100 ml wastewater and the

pH of the sample 11 .7 and the amount of WT-2700 which added to the samples

constant 10 ml 100 ppm/i for every sample.

30
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TEST No. 1

6 ml A 12 (S04) 3 20,000 ppm

6 x 20 = 120 ppm

= 1200 ppm/i

The floc too bad pH = 10.4

TEST No. 2

8 ml A1
2(S04)3 20,

000 ppm

= 160 ppm

1600 ppm/i

The floc bad pH = 8.5

TEST No. 3 10

10 ml A 12(S04)3 20,000 ppm

= 200 ppm

= 2000 ppm/i

The floc medium pH = 7 .2

TEST No. 4

13 ml A12 (S04) 3 20,000 ppm

= 260 ppm

= 2600 ppm/i

pH=6 .0

Turbidi ty 7.00 FlU —

Hardness = 60 ppm/i

CaCO3

Very good floccula tion See Fig No. 6

32
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The temperature effect of the coagulation

The constant amount S are : (1) The sample of raw water 100 m l ; (2) the

amount of A1 2(S04)3 
which added to the wastewater 100 ml constant 260 ppm;

and (3) the amount of WT-2700 constant 10 ml 20,000 ppm

TEST No. 1

4 The temperature 25°C

The turbidity 0.75 FRi

Very good flocculation

TEST No. 2

The temperature 35°C

The turbidi ty 1.1 F”PJ

TEST No. 3

The temperature 45°C

The turbidit) 1.2 ETU

TEST No. 4

The temperature 55°C -

The turbidity 3.0 FlU
- - TEST No. 5

The temperature 65°C

The turbidity 4.2 FTU

TEST No. 6

The temperature 75°C

The turbidi ty 22 FlU

Bad flocculation . (See Fig. No. 7)

‘ .1
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FINAL CONCLUSION

1. By using Al (S04)-~ to treat laundry wastewater the results are verygood in both fl~cculafion and clear turbidity .

2. The final test was run In the quartermaster laundry pilot plant on
Tuesday, 21 October 1975, by using Aluminum Sulfate wi th polyel ectrolyte
WT-2700. The results of this test were excel l ent.

3. The optimum dosage of the amount of Al ,(S04).~ was fixed to obtaingood flocculation and was found the good floccuThtton at range 5.5 pH - 6.5 pH.

4. The best degree Centigrade to run good treatment of the wastewater is
the range 25—35°C with flow turbidity .

36



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~ ~~~~~~~~~~~~~~~~~ 

—- - 
~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ 1J~~

_
~T -- - -

~~~~~~~
-

PART 2

FILTRATION
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The ideal sand filter.

~~~~~~~~~~~~~~~~~~~~~~~~~ 
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FORE SIZE
Cross section through ideal filter uniformly graded
from coarse to fine from top to bottom .

In designing a dual media bed , it is desirable to have the coal

(specific gravity about 1.6) as coarse as is consistent with solids removal

to prevent surface blinding but have the sand (specific gravity about 2.6)

as fine as possible to provide maximum solids removal. However, if the

sand is too fine in relation to the coal , the former will actually rise

above the top of the coal duri ng the first backwash and remain there

when the filter is returned to service.

Experience has shown that it is not feasible to use silica sand

smaller than about 0.4 mm because smaller sand would require coal small

enough to result in unacceptably high head loss at rates above gpm/ft2
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The problem of keeping a very fine medium at the bottom of the fi l ter

is overcome by using a third , very heavy I garnet, specific gravity of

about 4.2, or ilmenite (specific gravity of about 4.5) very fine material

beneath the coal and sand. Actuall y, the term “coarse—to-fine” fil ter

refers more accurately to the pore space rather than to the media particles

themsel yes.

A typical mixed-media filter has a particle size gradation which

decreases from about 2 mm at the top to about 0.15 mm at the bottom.

The uniform decrease in pore space with filter depth allows the entire

fi l ter depth to be utilized for floc removal and storage. Figure 1 shows

how particles of the different media are actua l ly mixed throughout the

bed. At all points in the bed there is some of each component, but the

percentage of each changes with bed depth. There is stead~ly increasing

efficiency of filtration in the directi on of the flow.

I ‘
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Par ticles /
I /
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~/
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Removal of the poorly flocculated solids normally found in a

trickling filter effluent can be improved by using smaller media than would

be used for removal of acti vated sludge effluent suspended solids. Pilot

texts of various media designs can be more than justified by Improved

plant perfo rmance in most cases .

Table 1. Illustration of varying media design for various
types of f loc removal .

Type of Ga rnet Silica Sand Coal
Application

_________________ 

Size Depth Size Depth Size Depth

Very heavy .40 +80 8 in. -20 +40 12 in. -10 +20 22 in.
loading of
fragil floc

Moderate -20 +40 3 In. —1 0 +20 12 in. -10 +16 15 in.
loading of
very strong - 

-

floc -

Moderate 40 +80 3 in. -20 +40 9 in. -10 +20 8 in.
loading of
fragil floc

S i z e :  -40 +80 = passing No. 40 and retained on No. 80 U.S. sieves.

One of the key factors in constructing a satisfactory mi xed media bed is

the careful control of the size distribution of each component medium.

Rarely is the size distribution of commercially available materials

adequate for construction of a good mixed media filter. The common

problem is failure to remove excessive amounts of fine mater ials. These

fines can be removed by placing a medium in the fi l ter, backwashing it,

draining the fil ter and skimming the upper surface . The procedure is

repeated until field sieve analyses indicate an adequate particle size

distribution has been obtained . A second medium is added and the procedure

repeated. The third medium is then added and the entire procedure repeated .
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Sometimes, 20—30 percent of the materials may have to be skimmed and

discarded to achieve the proper particle size distribution .

Use of Polymers as Filtration Aids

Polymers are high molecular weight, water solu ble compounds w hi ch
can be used as primary coagulants , settling aids , or filtration aids . They

may be cationic, anionic , or anionic In charge. Generally, the doses
required for coagulation or as a settl i ng aid in conjunction with another

coagulant far exceed that needed as a filtration aid. Typical doses when

used as a settling aid are 0.1 - 2.0 mg/i while doses of less than 0.1 mg/i

are often adequate to serve as a fi l tration aid. W ien used as a filtration

aid , the polymer is added to increase the strength of the chemical floc and

to control the depth of penetration of floc into the filter.

The polymer is not added to imp rove coagulation but rather to strengthen

the floc made up of previously coagulated material to minimi ze the

prospects of shearing fragile floc , causing fi lter breakthrough. For maxi —

mum effectiveness as a fil tration aid , the polymer should be added direct jv

to the fil ter influent and not in an upstream settling basin or flocculator.

However , if polymers are used upstream as settling aids , it may not be

necessary to add any additional polymer as filtration aid. Figure 2

Illustrates the effects of polymers as filter aids . The condition

represented by Fi gure 2A illustrates the results of a fragile floc

s teering and then penetrating the filter causing a premature term-

ination of its run due to breakthrough of excessively high effluent turbidity .
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If the polymer is too high (Figure 2B), the fioc is too strong to permit

penetration into the filter causing a rapid buildup of headloss in the

upper portion of the filter and a premature termination due to excessive

headloss. The optimum polymer dose will permit the terminal headloss H

to be reached simultaneously wi th the first sign of increasing filter

effluent turbidity (Figure 2C).

Types of Filte r Structures

The gravity and pressure filter structures conii~only used in water

treatment plants are readily adaptable to advanced wastewater treatment

plant filtration. Pressure filters are often advantageous in waste

treatment applications for the following reasons:

1. In many wastewater applications , the applied solids loading is

higher and more variable than in a water treatment application. Thus it

is desirabl e to have higher heads (up to 20 ft.) available than practical

wi th gravity filter designs to provide maximum operati ng flexi bility .

2. In advanced waste treatment processes, the fi l tration step is

frequently followed by another unit process (carbon absorption , ion

exchange , etc.). The effluent from a pressure filter can be passed through

a downstream process wi thout having to pump the fi l ter effluent, often

eliminati ng a pumping step which would be required with a gravity filter .

3. All filter wash water must be treated sewage applications. The 
-

‘

ability to operate to higher head losses with a pressure fi l ter reduces

the amount of wash water to be recycled.

4. Pressure fi l ter systems are usually less costly in small and

medium sized plants .
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A typical gravity filter section is shown in Figure 3. Gravity filte r

areas usually do not exceed 800-1000 sq ft per fi l ter unit. Two filter

units may be combined in one- structural cell.

Pressure filters may be either hori zontal or vertical . The horizontal

fi l ter offers much larger fil ter area per unit and would normally be used

when plant capaciti es exceed 1-1.5 mgd.

A typical horizonta l pressure filter vessel is shown in Figure 4.

Although an 8 ft diameter vessel is shown, 10 ft diameters are also

commonly used with lengths up to 60 ft.

A typical vertical filter is shown in Figure 5. Diameter up to

11 ft are commonly used wi th working pressures up to 150 psig.
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