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SUMMARY 

Waste treatment has long been a problem to the textile industry. 

The main disadvantages of chemical methods of treating highly alkaline 

textile wastes are both the large amounts of coagulating chemicals re

quired (and therefore the high costs of chemicals) and the large volumes 

of sludge formed that present a costly disposal problem. 

The main purpose of this study is the development of an improved 

chemical process to treat highly alkaline textile wastes that allow 

reclamation of the coagulating chemical and produces a low volume of 

sludge for disposal. 

Investigation of the use of magnesium chloride for the clarifica

tion of highly alkaline textile wastes was begun by 0. E. Morgan (1) in 

the Spring of 1958, at Georgia Institute of Technology in Atlanta, and 

Dundee Mills in Griffin, Georgia. Because of the onset of freezing wea

ther in the fall of 195>8, studies were discontinued by Morgan, and the 

investigations were resumed by the author beginning in the spring of 195>9• 

In this process, a solution of magnesium chloride is added to the 

waste to form magnesium hydroxide floe. The floe which forms also contains 

the suspended solids or turbidity of the original waste. Most of the 

original suspended matter is starch. After sedimentation, a clarified 

supernatant forms the effluent of the treatment process. 

The remainder of the process consists in reclaiming the magnesium 

ion for reuse as coagulating chemical. The settled floe sludge is re

moved to a separate tank where it is concentrated. After this, it is 

pumped to a reaction vessel where acid is added and the sludge solution 
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is brought to pH 6.6 - 7»0. The acid redissolves the magnesium ion in 

the sludge. The mixture is then settled and the magnesium bearing super

natant can be drawn off and reused; the original suspended solids settle 

out and are wasted. The cycle is completed. 

Morgan reported considerable difficulty with the magnesium hydrox

ide floe rising to the surface of the sedimentation basin of the pilot 

plant and leaving with the effluent. Finding a solution to this problem, 

and adapting the process to continuous pilot plant operation were the 

objectives strived for in this research. 

The results show that the process is adaptable to continuous pilot 

plant operation. The cost of chemicals for treatment was found to be 

$50.00 per million gallons and the volume of final sludge produced for 

disposal was only 0.5 per cent of the total volume of waste treated. 

The clarification of the waste obtained with the pilot plant was 

as follows: 27 per cent reduction in the Biochemical Oxygen Demand (BOD)j 

95 per cent turbidity removal; and 50 per cent color removal. 

It is believed that by using sound engineering judgment,, the 

results of this study may be projected into the design of a full size 

treatment unit. 



CHAPTER I 

INTRODUCTION 

Out of the industrial expansion that has occurred during the past 

one hundred years has arisen the problem of obnoxious industrial wastes. 

In the early years of this expansion all liquid wastes were emptied into 

some convenient water course and little thought was given to the effect 

which these wastes might have upon the stream. As growth continued, new 

and varied uses of natural water courses developed, pollution increased, 

litigation arose, and the problem of treatment or purification of wastes 

was born (2). 

The textile industry, like many other industries today, recognizes 

the importance of the proper use of water. This means having a good 

supply of pure water, using it, and returning it to the receiving stream 

in good condition for others to use in turn. 

Some of the outstanding research on textile waste treatment was 

carried out by The Textile Foundation in the late 1920*s. Some of the 

treatment methods that evolved include neutralization, coagulation and 

precipitation, equalization, and both chemical and biological oxidation. 

This work has not been surpassed in its basic concept for treating tex

tile wastes, although the study did not investigate the treatment of 

highly alkaline textile wastes without pH adjustment (3). 

The work that is presented in this study deals specifically with 

an economical chemical method for treating highly alkaline textile wastes 

without pH adjustment. 
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Costs of chemicals for chemical treatment of mixed textile mill 

wastes are reported by Souther and Alspough as $390«00 per million gal

lons of waste treated using combinations of copperas and lime or alum 

and acid (1|)* One of the principal reasons for discontinuing chemical 

methods of treating textile wastes has been the high cost of chemicals* 

Morgan, however, reports that the cost of chemicals for treating bleach-

ery wastes is #30,00 per million gallons (5)* Thus $30*00 per million 

gallons of waste treated is only one-tenth of the cost of chemicals used 

earlier and is a reasonable cost for chemicals» 

Another difficulty with chemical treatment of textile wastes is 

the large volume of sludge that is produced* The cost of sludge disposal 

is directly proportional to the volume produced. Present chemical tex

tile waste treatment processes produce a sludge volume of about four per 

cent of the initial volume of waste treated (6)* However, treatment using 

magnesium chloride produces a final sludge volume of only 0*£ per cent 

of the initial volume treated or one-eighth of the volume mentioned above. 

A follow up of the investigations made by Morgan was undertaken 

by the author and is reported here* 

The main difficulty encountered by Morgan was the problem of 

rising floe in the sedimentation chamber (7)* He attributed the rising 

floe to poor design of the baffling system inside -the main sedimentation 

tank and reasoned that this caused breaking up of the floe, allowing it 

to rise and flow out the effluent pipe* This reduced the treatment 

efficiency* 

Investigation of this phenomenon, and striving for a solution to 

correct it, which would pave the way for adoption of the process to 
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continuous treatment methods, was the object of the work which was done 

in the laboratory and at the pilot plant site* 



CHAPTER II 

LABORATORY INVESTIGATIONS 

Since the main problem with the process was that of rising floe 

in the sedimentation tank, laboratory investigations were carried out 

to learn more about the characteristics of the floe. 

The floe that is formed upon the addition of magnesium chloride 

to the alkaline waste is primarily magnesium hydroxide. Calcium car

bonate and magnesium hydroxide are also formed in the excess-lime treat

ment process for water softeningo Calcium carbonate crystals are small, 

settle in tiny clusters, contain about 7£ per cent water and have a net 

density of about 1,2. Magnesium hydroxide, Mg(OH)2, forms a voluminous, 

flocculent, precipitate which contains water much like alum floe. Hence, 

when the excess-lime process is used the density of the floe mass will 

be less as the relative content of magnesium hydroxide is increased (8). 

Therefore, with a sludge that is primarily magnesium hydroxide floe the 

settling is poor. 

Camp describes hindered settling thus* "The particles are so 

close together and so flocculent that they appear to settle as a blanket, 

all going down at about the same velocity at the start and leaving a 

clear supernatant above the top of the sludge blanket," and sludge com

pacting with, "The weight of the sludge accumulating above distorts and 

compresses the supporting particles, slowly squeezing the liquid out of 

the sludge in an upward direction" (9)» These are exact descriptions of 

the conditions that prevail when magnesium chloride is added to the 



alkaline waste forming magnesium hydroxide floe* 

A sample of the waste was brought into the laboratory for settling 

observations* The sample of the waste was poured into a 12 liter carboy 

and precipitated with magnesium* The total depth of the liquid was 31 

centimeters and the depth of the settling sludge blanket was measured 

over a period of three hours• The results of this investigation are 

shown in Figure 1. The first, straight portion of the curve represents 

the hindered settling rate which is 0*00093 feet per second (fps)* The 

lower portion of the curve illustrates the sludge compaction rate. The 

sludge was stirred slightly at time equal to 1*0, \\%3 60 and 75 minutes 

to simulate sludge collectors that would be a part of a full size treat

ment device. 

The specific gravity of the sludge was determined by finding the 

optimum dosage of 20 per cent magnesium chloride for a sample of the 

waste using a standard jar test apparatus (10) and this optimum dosage 

was used to coagulate several liters of waste to produce a sufficient 

volume of sludge to perform the specific gravity test« The specific 

gravity was determined by comparing the weight of equal volumes of the 

sludge and distilled water* The specific gravity was found to be 1*002 

(11)* This compares with a specific gravity of 1*005 for activated sludge 

having a suspended solids content of 2000 parts per million, (ppm), (12)* 

It was believed that perhaps using mixtures of calcium chloride 

with magnesium chloride, or ferric chloride with magnesium chloride to 

coagulate the waste, would help weigh down the floe and increase the rate 

of settling* Along with the usual 20 per cent magnesium chloride solution 



O INDICATES STIRRING 

Figure 1. S e t t l i n g and Compacting of Sample of Coagulated Waste. 
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that is used to treat the waste, enough 20 per cent calcium chloride 

solution was added to the original magnesium chloride solution to make 

up 20 per cent by volume of 20 per cent calcium chloride. It was hoped 

that the calcium chloride would react with the carbonates present in the 

waste, forming calcium carbonate in sufficient quantities to yield a 

higher density to the floe. Two liter graduates were filled with waste 

and one was dosed with magnesium chloride while the other was dosed 

with the mixture of magnesium and calcium chloride. No difference in 

the settling rates of the coagulated waste was noted in the two cy

linders. Next, enough 20 per cent ferric chloride solution was added 

to the original magnesium chloride solution to make up 10 per cent by 

volume of ferric chloride, FeClo© The procedure was repeated as above, 

and again, no difference in the settling rate was noticed between the 

two cylinders. 

As a final laboratory investigation, the possibility of increasing 

settling and sludge thickening was investigated by using two commercial 

flocculating agents, Nalcolyte 110 and Separan 2610. These agents are 

described by the manufacturers as "synthetic organic water-soluble high 

molecular weight polymers for flocculating solids to improve settling 

and sludge thickening." If the rate of settling and/or sludge thickening 

could be increased by the addition of these agents, the resulting savings 

in size and cost of treatment units, and in acid required to neutralize 

the sludge could possibly compensate for the cost of the polymers. 

A standard jar test apparatus was used to determine if the floc

culating agents would be beneficial when added with magnesium chloride 



to the raw waste. The optimum dose of magnesium chloride was added to 

each of the beakers; Nalcolyte 110 was added in concentrations of 1, 3 

and 5 parts per million to three of the beakers; Separan 2610 was added 

in concentrations of 0.01, 0.08 and 0.15 parts per million to three more 

beakers, which left one beaker with only the magnesium dose for compari

son as a blank. The samples were rapidly mixed for £ minutes, slow 

mixed for 10 minutes and allowed to settle. No difference in the settling 

rates in the beakers containing either polyelectrolyte could be noticed 

from that of the blank. 

Next, five liters of sludge were obtained by precipitating approxi

mately 20 liters of waste with magnesium; allowing the sludge mass to 

settle and compact for one-half hour, and siphoning off the supernatant. 

One liter of this sludge was poured into each of five one-liter grad

uated cylinders. The first liter of sludge was retained for a blank and 

to each of the remaining four liters of sludge was added 2 parts per 

million and 5 parts per million Nalcolyte, 0.08 parts per million and 

0.15 parts per million Separan, respectively. The samples were stirred 

at 1, 3 and 3.5 hours after the test was begun to simulate agitation 

that would be received in a treatment plant. The results of this investi

gation are reported in Table 1, and show a 12 per cent reduction in sludge 

volume after four hours. Due to limited time, an exhaustive study was 

not possible, but the use of flocculating agents for sludge concentration 

does show some promise and should be further investigated. 



9 

Table 1. Sludge Concentration Results 

Milliliters Sludge Remaining 

Dose 

Blank 

Nalcolyte Separan 

Time 
(hrs) 

Blank 2 
(ppm) 

5 
(ppm) 

0.08 
(ppra) 

0.15 
(ppm) 

0 1000 1000 1000 1000 1000 

3 750 730 660 680 660 

h 650 600 570 580 570 

2k 310 300 290 300 290 



FIELD INVESTIGATIONS 

The textile waste that is discharged from Dundee Mills in Griffin, 

Georgia, is piped to a lagoon at the rear of the mill. This waste enters 

the lagoon at about U5 degrees centigrade. The waste is very turbid 

and highly colored, the color varying as different batches of dye are 

dumped. The influent to the lagoon has an average BOD of 900 ppm, pH 

of 10.8 - 11.0, and total solids 2000 - 3000 ppm. 

The waste is pumped from the lagoon to the pilot plant and enters 

the pilot plant at Tank No. 1 (Figure 3). The waste enters the center 

tube, the mixing zone, and is mixed with a solution of dissolved magnesium 

that is pumped from Tank No. 5 (Figure 3) by one side of a dual chemical 

feed pump. The magnesium solution and the raw waste is thoroughly mixed 

by the rotation of the mixing shaft and blades. After mixing and flobu

lation, the magnesium-sludge floe settles in the outer compartment of 

Tank No. 1 and the clarified waste discharges out the overflow pipe. 

The magnesium-sludge floe is withdrawn from Tank No. 1 into Tank 

No. 2 by means of a quick-opening valve. The sludge is allowed to con

centrate in Tank No. 2. The concentrated sludge is pumped from the bottom 

of Tank No. 2 to Tank No. 3 through a constant head orifice that discharges 

at a rate of 1.0 - 1.5 gallons per minute. This constant head orifice is 

shown in Figure U. 

Sulfuric acid is fed to the sludge in Tank No. 3 by the other side 

of the dual chemical feed pump. The acid and sludge are thoroughly mixed 
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by a stirrer which dissolves the magnesium hydroxide out of the sludge 

and leaves the insoluble material that was removed from the original 

waste. The resulting mixture of dissolved magnesium and insoluble 

material flows by gravity into Tank No. k (Figure 3)* 

In Tank No. h the magnesium bearing supernatant and the insoluble < 

material are separated by sedimentation. The magnesium bearing super

natant flows by gravity back to Tank No. 1 (Figure 3) and precipitates 

more incoming alkaline waste and thus the cycle is completed. The insolu

ble material that settles in Tank No. h forms the final sludge of the 

process. 

It was decided that perhaps temperature differences, and therefore 

density differences, could be the disturbing element in the sedimentation 

tank that was witnessed by Morgan (13)« If a liquid of high temperature 

(low density) enters a tank of liquid at low temperature (high density) 

the warmer liquid will rise to the surface of the tank due to the differ

ences in density of the two liquids, thereby causing short-circuiting and 

sludge rising. 

The influent pump for the pilot plant was located at the point 

where the mill wastes enter the lagoon. Any sharp differences in the 

temperature of the waste entering the lagoon would be picked up by the 

influent pump and delivered to the pilot plant. A brief temperature 

survey of the waste entering the lagoon was made, the results of which 

are given in Table 2. A maximum of 5.7 degrees centigrade difference was 

recorded; the temperature of the waste being i;2.2 degrees centigrade at 

2:U0 PM and rising to l|7o° degrees centigrade at 3:17 PM. This represents 
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Table 2. Lagoon Influent Temperatures 

Temperature 
Time (°G) 

2:05 1*2.5 
2:10 1*2.8 
2:15 U2.7 
2:18 l*l*.o 
2:20 UU«>2 
2:23 1*3.5 
2:25 UUsO 
2:30 1*3.7 
2:33 U3.1 
2:35 1*2.8 
2:1*0 1*2*2 
2sU3 1*3.1 
2:1*5 U3.9 
2:50 1*1*.2 
2:53 l*l*.8 
2:55 1*5.1 
3:00 1*5.1 
3:02 1*5.8 
3:03 1*6,0 
3:05 1*6.0 
3:10 1*6.0 
3:lU 1*6.5 
3:15 1*7.0 
3:17 1*7.9 
3:20 1*7.5 
3:22 1*7.0 
3:25 1*6.1 
3:28 hS^ 
3:30 W6 
3:35 1*5.3 



approximately a 0.25> per cent change in density which i s considered 

suff ic ient to in ter fere with sedimentation and perhaps cause the f loe 

to r i se* 

A new locat ion for the p i l o t plant influent pump was sought and 

a posi t ion near the lagoon effluent s t ruc ture seemed to be a log ica l 

place for the pump, 

A temperature survey was conducted a t the lagoon effluent s t ructure 

to determine the changes of temperature with time a t tha t po in t . F i r s t , 

the temperature was studied inside the effluent s t ruc ture which draws 

waste from the bottom of the lagoon. The temperature of the effluent 

was f a i r l y constant (Table 3) with a maximum difference observed of 

0.5 degrees centigrade; however, the temperature of the lagoon effluent 

was about 15> degrees centigrade lower than the lagoon in f luen t , with a 

s l i g h t l y lower pH. The pH of the lagoon influent averages 10.8 whereas 

the lagoon eff luent averages pH 10.iu This sampling was done on a Monday 

of the week and i t i s known that l a t e r on in the week the pH and tempera

ture of the lagoon effluent do r i s e considerably. 

The temperature and pH study was also made over the side of the 

lagoon effluent s t ruc ture on the surface of the lagoon. The r e s u l t s in 

Table 3 show a maximum temperature difference of 0.3 degrees centigrade 

for the one hour observation per iod. 

I t was then believed tha t moving the p i l o t p lant influent pump 

nearer the lagoon effluent s t ruc ture would be especia l ly beneficial to 

the operation and efficiency of the treatment process. With the help of 

personnel from the mi l l , the pump was moved to a locat ion near the lagoon 

effluent s t r u c t u r e . 



Table 3 . pH and Temperature Study of Lagoon Eff luent 

Time Temperature pH 

—Pel 
12:30 32.2 10 J i 
12:35 30.2 
12-.U0 30 .3 10.U 
12:1*5 30.U 
12:50 30 .5 10.5 
12:55 30 .6 

1:00 30 .6 10.5 
1:05 30.7 
1:15 30.6 
1:20 30 .6 10.U 
1:25 30.6 
1:30 30.5 10.5 
1:35 30 .6 
1:U0 30 .5 10.5 
1:1*5 30 .5 
1:50 30.5 10.5 
1:55 30 .5 
2:00 30 .5 10.ii 
2:05 30 .6 
2:10 30.7 10.5 
2:15 30.6 
2:20 30 .7 10.5 

Above r e s u l t s ob ta ined i n s i d e e f f l u e n t s t r u c t u r e , 
Below, over the s i d e of e f f l u e n t s t r u c t u r e on the 
su r face of the l agoon . 

2:30 U2.0 11 .0 
2:35 Ul .8 
2:U0 l i l . 8 10.8 
2:U5 Ul .9 
2:50 1*2.0 10.8 
2:55 1*2,1 
3:00 1|2.1 i d . 8 
3:05 U2.0 
3:10 U2.0 10.8 
3:15 U2.0 
3:20 l i l ,9 10 .8 
3:25 Ul.9 
3:30 l a . 8 10.8 

10.ii
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Next, a temperature survey was made of the actual temperatures 

inside the sedimentation tank with the pump delivering from its new 

location. The pump was started up and the flow was adjusted to ten 

gallons per minute and allowed to run all night„ Upon arrival the next 

morning, it was found that the flow had subsided to about one gallon 

per minute due to partial clogging of the unattended influent line 

valve. The flow was readjusted to five gallons per minute, magnesium 

chloride was fed at 75>0 parts per million, and sludge was withdrawn 

continuously using the sludge concentration tank as a secondary sedi

mentation basin. After about four hours of continuous operation floe 

was rising in the sedimentation tank* At this time, temperatures were 

taken inside the sedimentation zone and the mixing zone, using a Tele-

thermometer with a 10 foot lead, and are reported in Table lu 

From Table h it can be seen that no significant differences in 

temperature were found and those recorded calculate to only 0,0146 per 

cent maximum density difference. Therefore, with the pilot plant in

fluent pump located in its position near the lagoon effluent, temperature 

differences could be ruled out as a major cause of sludge rising during 

continuous operation<, 



Table k» Temperatures Inside Sedimentation Tank 
During Continuous Operation 

Settling Zone Temperatures 

Depth (ft) Ĉ 

surface 38.7 
1 38o8 
2 38.8 
5 38.8 
h 38.8 
c 38.8 
6 39.2 
7 39.3 

bottom 38,7 

Mixing Zone Temperatures 

Depth ( f t ) °C 

surface 
1 
2 
3 
h 
5 
6 
7 

bottom 

39 .9 ( in f l . ) 
39.6 
39*6 
39.6 
39.6 
39.5 
39.3 
39.3 
39.2 



CHAPTER IV 

PILOT PUNT OPERATION AND MODIFICATION 

The pilot plant operation was begun for the primary purpose of de

termining and correcting the cause of the rising floe and to attempt to 

adapt the process to continuous treatment. 

Upon study of the plan of the sedimentation tank, it was noticed 

that the mixer had a blade on the bottom of the shaft that would tend 

to disturb and break up the settling sludge if the mixer were used while 

the pilot plant was in operation, (See Figure 3) The reason for the 

bottom blade in the first place was as follows: the pilot plant sedimen

tation tank was originally designed to operate as a high rate water soften

ing and clarification treatment unit, but because of the troubles encounter

ed with rising floe and the extreme lightness of the floe, the unit was 

operated as a straight sedimentation device for our purposes* 

The pilot plant was started up at five gallons per minute and the 

mixer was used without the bottom blade attached* Sludge was withdrawn 

continuously using the sludge concentration tank as a secondary sedimen

tation basin, and the clarified effluent from both tanks was allowed to 

flow out the effluent pipe„ The dosage used was 700 parts per million of 

magnesium chloride« This dosage was determined from a jar test performed 

in the field prior to starting the unite 

In about one-half hour floe began to rise in the sedimentation 

zone of Tank No„ 1, Figure 3« The unit was left in operation in hopes that 

an equilibrium would be reached and the floe would subside, but floe con

tinued to rise. A fair degree of clarification was achieved and could be 
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readily noticed when samples of the effluent from the pilot plant were com

pared with samples of the influent. 

Clouds of rising floe appeared in the supernatant zone. Thus, a 

heavier concentration of floe was noticed in different places in the sedi

mentation zone from time to time. This caused a marked deterioration in 

the quality of the effluent. 

Construction of a constant head device with an orifice discharge 

was used to regulate the influent to the pilot plant at low rates of flow 

(two gallons per minute). It was reasoned that if the process would work 

on a batch basis, as found by Morgan, perhaps there must be some minimum 

flow at which continuous operation would be successful. 

The head box was installed and the pilot plant was started up from 

an empty condition at 2.6 gallons per minute at 11:30 AM. As soon as the 

liquid was visible, rising in the sedimentation zone, the author climbed 

down into the treatment unit for a close observation of the floe. The 

floe was voluminous and present throughout the liquid rising in the sedi

mentation zone. The floe particles were constantly on the move, slowly 

moving up, down, and sideways throughout the surrounding clarified liquid. 

As the liquid rose higher in the sedimentation zone the floe particles 

became smaller and less concentrated in the clarified liquid. 

The theoretical detention period at 2.6 gallons per minute is 7»5> 

hours. Periodic sludge withdrawal was used to reduce the total volume of 

sludge in the unit. After 9;00 PM the unit had filled, good clarification 

was observed, but again a small amount of floe was distributed throughout 

the sedimentation zone and passed out with the effluent of the pilot plant, 



The un i t was shut down but the tanks were not drained. Upon a r r i v a l 

the next morning, a l l the floe had se t t l ed and the bottom of the tank 

with i t s accumulation of sludge was c lear ly v is ib le through s ix f ee t of 

c l a r i f i ed waste« 

Another a l t e rna t ive method of operation of the p i lo t p lan t was 

t r ied* The uni t was s t a r t ed up from an empty condition and allowed to 

run a l l night a t three gallons per minute without withdrawing any sludge• 

The sludge was allowed to build up purposely in an e f for t to use the 

accumulated sludge as a f i l t e r for the incoming coagulated, f locculated 

waste* Upon a r r i v a l the next morning, the sedimentation zone had f i l l e d 

with sludge ju s t below the half-way mark and the floe was r i s ing as usua l . 

As the sludge b u i l t up higher and higher , the floe became more concentra

ted in the eff luent , and th i s method of treatment was considered ineffec

t ive as a solution to the problem of r i s i ng floe* 

Next, a l l the tanks of the p i l o t p lant were drained and the uni t 

was s t a r t e d a t five gallons per minute, feeding 75>0 par ts per mill ion mag

nesium chloride* Sludge was continuously withdrawn a t 1*£ gallons per 

minute, and allowed to go to waste without returning any sludge to the 

sludge concentration tank. 

As the l iqu id level rose in the sedimentation zone, very l i t t l e 

r i s i ng floe was observedo After about f ive hours the sedimentation tank 

had f i l l e d and very l i t t l e f loe was lo s t with the effluent* Operation 

was continued for another hour* An ins ignif icant amount of floe was no

t iced in the effluent* I t i s believed t h a t t h i s successful run occurred 

because temperature differences inside the sedimentation tank were 
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minimized by starting the run with the sedimentation tank empty. Thus, 

only hot wastes were present in the tank during this operation, A mini

mum volume of sludge in the sedimentation tank was maintained in the sedi

mentation zone by the constant withdrawl of the sludge „ This prevented 

the sludge from accumulating above the cone shaped baffle in the sedimen

tation tank (Figure 3)» When the sludge was allowed to accumulate beyond 

this baffle, all incoming waste had to flow through this layer in order 

to reach the effluent pipe* This caused the light, magnesium hydroxide 

floe to be carried upward to the effluent dischargee 

At this time it was decided that several major modifications should 

be made in the structure of the pilot plant to increase the efficiency of 

operation, The entire outer cone shaped baffle was removed from Tank No„ 1 

to eliminate the dead space occupied by this baffle (Figure 3)» The bottom 

18 inches of the inner baffle was cut off. From Figure 5> it can be seen 

that with the outer baffle removed no zone of high velocity can occur be

yond the discharge of the inner flocculating tube. With throughput equal 

to five gallons per minute, the rising velocity at Area 1, Figure 3, was 

0,0037U feet per second. This velocity is four times the hindered settling 

rate for the floe of 0,00093 feet per second. The rising velocity at Area 2, 

as shown in Figure 5, at five gallons per minute flow will be 0,00066 feet 

per second, which is lower than the hindered settling rate. Therefore, 

with the above modifications, velocities were decreased to an extent that 

allowed more effective sedimentation, 

Next, the mixing shaft was removed and the three pitched blades 

on the shaft were replaced by two vertical paddles to reduce their contri

bution to disturbance of the sludge layer. The pitched blades induced 
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either an updraft or a downdraft in the mixing zone, according to the 

direction of rotation. The speed of the mixing shaft was reduced to 

seven revolutions per minute to give a gentle mixing and flocculation 

action in the center draft tube* 

Because of the reduced agitation in the center tube a rapid mixing 

chamber was purchased (Figure 6). The orifice on the raw waste discharge 

line imparts circular motion to the liquid in the mixer, thereby pro

viding the mixing action . The rapid mixer provides for complete chemical 

reaction. The waste would then flow into the mixing chamber for slow 

stirring and flocculation, as discussed above, (Figure 5). 

Finally, a valve was installed between the sludge return pump and 

the constant head orifice; a plug was placed in the sludge return line to 

prevent the return of the excess sludge from the constant head orifice to 

the sludge concentration tank* The valve adjusted the flow into the con

stant head orifice to the rate of discharge from the constant head ori

fice. Quiescent conditions in the sludge concentration tank are essential 

for its proper functioning* The flow diagram of the pilot plant after 

modifications is shown in Figure E>© 

With the above modifications complete the pilot plant was placed 

in continuous operation. The first step was calibration of the orifice 

on the raw waste influent line (Figure 6). During the calibration, a 

sample of the rapid mix effluent was caught in a quart jar and allowed to 

stand for observation. The floe rose to the surface of the liquid in

stead of settling as expected* The extremely high velocity of the jet 

from the orifice caused such agitation that foaming developed because 
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of the detergents in the waste. The floe was buoyed by the formation of 

air bubbles. This phenomenon of sludge flotation was highly undesirable 

because there was no means of handling floating sludge. The orifice was 

replaced by a piece of garden hose that was narrowed down at the tip to 

about three-eighths of an inch diameter* This "orifice" provided ade

quate circular motion in the mixing chamber but did not produce sludge 

flotation. 

The pilot plant was started at a rate of five gallons per minute 

feeding 7?0 parts per million magnesium chloride in order to build up 

enough sludge to pump to the acid neutralization tank. After enough 

sludge had built up, the sludge was pumped to the acid neutralization 

tank, and acid was fed to bring the pH of the sludge to pH 7.0. The ef

fluent from this operation flowed into Tank Wo. h, Figure 5, where the 

final sludge was separated from the magnesium bearing supernatant. The 

process of filling all tanks in preparation for continuous full cycle 

treatment of the waste took two days because of the time required to 

build up sludge, shut down to allow sludge to concentrate, pump sludge 

to the acid neutralization tank, and fill Tank No. k to the level that 

would return magnesium bearing supernatant. 

When all tanks had been filled, the pilot plant was placed in 

continuous operation at five gallons per minute. The makeup magnesium 

was adjusted to feed 125 parts per million magnesium chloride and sludge 

was withdrawn at 1.0 gallons per minute to provide the balance of needed 

magnesium by reclamation. After one-half hour, sludge began to rise and 

the pilot plant had to be shut down. At this point it looked as though 
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all modifications had been made in vain and the process could be workable 

only on a batch operated basis. But it was remembered that it took two 

days to fill all tanks in preparation for continuous treatment and sub

sequently all the liquid in the sedimentation tank had cooled to the 

ambient air temperature. The incoming coagulateu waste was relatively 

hot and as this liquid passed through the mixing zone and was discharged 

into the surrounding cool liquid in the sedimentation zone5 density 

differences buoyed the floe to the surface of the tank. It was undesirable 

to drain the sedimentation tank because much of the accumulated magnesium 

hydroxide sludge would be lost, and loss of this sludge would interfere 

with the determination of cost of treatment because of the accompanying 

loss of returnable magnesium ion. The cool, clarified waste in the sedi

mentation tank was siphoned off overnight, using a long piece of garden 

hose, to a point just above the accumulated sludge level. The next morn

ing the pilot plant was again started at five gallons per minute. Tempera

ture differences were kept to a minimum because only hot coagulated waste 

was entering the sedimentation tank and the cooler sludge that was left 

•after siphoning, was withdrawn as soon as possible. 

Again the pilot plant was operated at five gallons per minute,, 

feeding 125 parts per million make-up magnesium chloride and withdrawing 

1,5 gallons per minute sludge for recycling. As the liquid level rose in 

the sedimentation basin rising floe was not visible. After three and one-

half hours the sedimentation tank had filled and still no rising floe was 

visible. Sludge was continuously withdrawn at 1.5 gallons per minute and 

recycled. 
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Because it was hoped that this continuous run would be successful, 

as it was, careful records were kept with regard to total number of gal

lons of waste treated and amount of chemicals used so that a chemical 

cost estimate could be developed0 

After about six hours of continuous treatment only a very insig

nificant amount of floe could be observed rising in the sedimentation 

zone. The pilot plant was shut down and the run was considered successful. 

A total of 3>V?1 gallons of waste were treated in the run. The average 

make-up magnesium chloride dose was 125 parts per million and the average 

acid dose was 290 parts per million for the run* From this information 

the cost of chemicals was computed* The prices of the chemicals were taken 

from Chemical News, June, 1959 edition and are F.O.B. place of manufacture» 

For magnesium chloride, at an average dose of 125 parts per million, the 

cost is $26,00 per million gallons and for sulfuric acid, at an average 

dose of 290 parts per million, the cost is $2H*30 per million gallons, 

for a total chemical cost of about $50.00 per million gallons* This cost 

is only slightly higher than the $30*00 per million gallons previously 

reported by Morgan (1U)« 

At this point, a discussion of the performance of each individual 

unit during the successful run would be useful and appropriate* 

With temperature differences kept to a minimum, the sedimentation 

tank performed satisfactorily. The detention time in the rapid mixer was 

about one minute with five gallons per minute raw waste plus 1.5 gallons 

per minute return magnesium as the influent flow, and proved to be adequate. 

The detention time in the flocculation zone was 15 minutes under the above 
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conditions, while the total detention time in the sedimentation tank was 

four hourso The surface loading approximates U20 gallons per day per square 

foot of tank s\irface<, This surface loading is low, when compared to some 

recommended values of 1200 gallons per day per square foot of tank surface 

for activated sludge, which has similar settling characteristics to mag

nesium chloride floe (lj). In a full sdze treatment plant a carefully 

designed longitudinal flow sedimentation basin would be more suitable for 

the conditions of hindered settling and high temperatures which prevail 

with this waste* 

The theoretical detention time in Tank No, 2, the sludge concentra

tion tank, was 52 minutes at 1*5 gallons per minute flow, (The rate at 

which sludge was continuously withdrawn*) However, this detention time 

was never achieved because of the poor design of the tank. The influent 

pipe was located too near the effluent pipe of the tank and as a result 

the influent flow caused turbulence and short circuiting to the effluent 

pipe* Actual detention time was practically zero, 

Figure h is a picture of Tank No. 3 showing the constant head ori

fice, mixer motor and portable pH meter used to check the pH of the acid-

sludge mixture. This tank functioned well except for the fact that the 

pH was difficult to control. The amount of acid required to neutralize 

the sludge depends upon the concentration of the sludge which varied con

siderably during operation* In a full size treatment plant automatic pH 

control would eliminate this difficulty. 

Tank No. I4, with a theoretical detention time of 52 minutes at 1.5 

gallons per minute flow, did not operate as efficiently as was desired* 



During continuous operation, particles of starch were observed returning 

along with the magnesium bearing supernatant that was to be mixed with 

the raw waste„ This again was caused by the poor design of Tank No. U« 

The effluent from Tank No. 3 entered the lower part of Tank No. h and 

caused sufficient turbulence to put the small light particles of starch 

in suspensiono A grab sample of the supernatant was obtained and allowed 

to stand* The starch particles settled completely in about one hour; 

this proves that the particles will settle under suitable conditions. 

During the 3A57 gallon run, l£ gallons of final sludge was withdrawn 

from Tank No. k to waste. This means that about 0.5 per cent of the vol

ume of waste treated ends up as waste sludge that must be disposed of by 

anaerobic biological digestion or some other suitable method. 

During the continuous run, several samples were taken of the in

fluent to the pilot plant and the effluent from the plant. The amount 

of clarification of the waste was obtained by determining the Biochemical 

Oxygen Demand removal, turbidity removal and color reduction. These re

sults are reported in Table 5. 

The biochemical Oxygen Demand of the raw waste was previously re

ported by Morgan as averaging about 900 parts per million but it must be 

remembered that at that time the influent pump to the pilot plant (from 

which the raw samples were taken) was located at the point where the mill 

wastes enter the lagoon (16). The pilot plant influent pump had since 

been moved to a point near the lagoon effluent structure© The analyses 

of the raw waste samples, which were taken from this new position are the 

ones that appear in Table 5« Therefore, there are indications that con

siderable Biochemical Oxygen Demand reduction is obtained by the lagoon it 

self from the time the waste enters the lagoon until it leaves the lagoon* 



Table 5o C l a r i f i c a t i o n of Waste During Continuous Run, 

TjBSt 

BOD 

BOD 

BOD 

BOD 

Ra^Influent 

2U0 

250 

270 

230 

Treated 
Effluent 

""TPPMT" 

180 

200 

1.68 

170 

Turbidity Removal (Relative) 

Color Removal (Relative) 

Reduction 

25' 

20 

37 

26 

Average 
Reduction 

27 

95 

50 



CHAPTER V 

CONCLUSIONS 

Due to limited time,, only one successful run was made with the 

pilot planto However,, the author feels that the experience gained from 

this run and the preceding unsuccessful runs, is sound enough basis for 

the following conclusionsz 

1* The magnesia process is an economical chemical method of 

treating highly alkaline textile wastes with a cost of $30.00 - $£0o00 

per million gallons« 

20 Consideration must be given to the lightness of the floe, 

the characteristic hindered settling of the floe, and the high tempera

ture of the waste in a full size treatment plant design,, 

3o The magnesium hydroxide floe that is formed in the process 

is light and voluminous, and has settling characteristics similar to 

activated sludge« 

k° Mixtures of ferric chloride and magnesium chloride, calcium 

chloride and magnesium chloride and commercial flocculating agents and 

magnesium chloride did not aid the settling rates of primary sedimenta

tion,, 

5>0 Limited tests indicate that commercial flocculating agents 

are beneficial to sludge compaction rates« Intermittant stirring is 

also helpfulo 

60 Successful continuous treatment with the pilot plant de~ 

pended upon minimizing temperature differences, maintaining a quiescent 

sludge zone and keeping a low sludge volume in the sedimentation tank© 
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7« The sludge blanket filtration principle did not improve 

efficiency of operation in the pilot plant0 

8<> The magnesia process may well be an excellent me'bhod of 

reducing the high organic load contained in the mill waste and pre-

paring this waste for disposal to a river0 



CHAPTER VI 

RECOMMENDATIONS 

Investigations should be carried further with regard to the 

following recommendationsj 

lo Model studies should be made using a horizontal flow settling 

tank to determine optimum design dimensions and if sufficient sludge 

compaction can be achieved to eliminate the necessity of a sludge con

centration tanko 

2„ Further studies should be made with commercial flocculating 

agents to evaluate their usefulness in sludge compactiono 

3o An alternate method of magnesium reclamation should be 

studiedo This method would consist of subjecting the compacted mag

nesium hydroxide-sludge mixture to biological total oxidation by using 

the activated sludge process,, In the total oxidation activated sludge 

tankj the organics in the sludge would be oxidized to carbon dioxide 

and water| the carbon dioxide formed would neutralize the influent sludge 

to pH 7o0 redissolving the magnesium ion„ 

Uo If flue gas is available the possibility of its use should 

be investigated in the design of a full size treatment plant to minimize 

acid costs0 
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