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INTRODUCTION 

Since being developed by Carl Steffen (1) in 1883 and 

1884, the Steffen process, in which lime is used to preci­

pitate sugar from diluted beet molassses, is still used by 

many sugar companies. Its use has been dependent upon 

economic conditions and in some factories the process has 

been discontinued. It does require considerable capital 

investment and energy and in today's environment it also 

creates a waste disposal problem. 

Much attention has been given to improving the cold 

precipitation part of the process. In 1936 Meredith (2) 

of the Spreckels Sugar Company patented a continuous cold 

precipitation method. More recently, in 1973, Vandewijer 

(3) of the Raffinerie Tirlemont, Tienen, patented a cold 

process that allowed using a cold solution of relatively 

high sugar content (3). Other recent modifications have 

been summarized by Hartmann (4)(5). 

As indicated by the scarcity of references in the 

literature, hot saccharate precipitation has not received 

as much attention. Originally, the heating of cold fil­

trate was done stepwise in a series of tanks. The heated 

solution was filtered in plate and frame or thickening 

type filters. Use of multitray clarifiers of the Dorr 

type and rotary vacuum filters came into use around 1920. 

The introduction of the latter equipment contributed to 

continuous processing and greatly improved the overall 

process efficiency. 

The major improvement, however, in the hot saccharate 

process was the development by Shafor (6), in 1923, of a 

new type of cold filtrate heater. In this heater, a small 
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volume of cold filtrate is rapidly mixed into a large 

volume of heated cold fil t ra t e . The heating is done by 

st eam inj ec tion and the temp e rature is controlled at about 

Sha for had f o und the o p timum temperature range for 

rapid s e ttling and ma ximu m sugar recovery to be in the 

range of 80° to 85°C . Wi th the adven t of this heat er, the 

ent ire process be came continuous . This conti nuo us process 

of heating , c larifi c ation , and filtration is the system 

used by t he Spreckel s Sugar Co mp a ny today . 

Very heavy sc al i ng occurs in t h e hot pr ocess and 

pe rio d i c shutdown of t he Ste ffe n ho u se is re qui red to 

clean the equipment. Clea n ing of the multitray clarifier 

is es pec ially time c onsuming and la bo r intensive b e c a use 

of l imited access to the i nt erio r su rfac es . The wor k ing 

condition s a lso p resent a safety h a zard. 

When the Spreckel s Salinas p lant was mode r ni z ed a few 

y ea rs ag o , the mu lti tray clarifier wa s r e pla c ed wi t h a 

single tray, top entry , En vir o- Clear cla ri fie r (7) to eli ­

mi n ate s o me of t h e oper a ting p r ob lems prev iously men ­

tio ned. Ce rtai n diff icu lt i es were encount er e d that were 

a tt ribu te d to pooor control of co l d was te heater tempera­

tu re, poor control of the sludge b ed l e vel required for 

this type of clarifier, and poor d eaera t ion of c la rifier 

fe ed. Scaling st i l l o ccurre d , with the heavie s t scale 

being dep os ited i n the inlet p i ping system . The s cale a p ­

p e ared to be ass oc iat e d with the addition of settling aid 

us e d to promote settling of t he hot saccharate pr ec ipi­

tat e. Wi t h the top entry , o nl y a small static head wa s 

avai lable for gr a vity feed so scale d eposition rapidly re­

stricted the capacity of t h e syste m. In ad d ition , the 

i nle t pi p ing arr ange me nt did not allow filling t h e p ipe 

with a cid to dissolve scale and t h erefor e fre quen t manu a l 

cleani n g was required . 

An oppor tunity ar ose to re plac e the multit ra y clari­

fier at t he Spreckels Woodland plant in or d er to improve 

the safety of personnel d uring cle a n i ng of the St e ff en 

house . The des ign of the new unit and its i n itial o pera ­

tio n p e rf orma nce are d iscuss ed bel ow . 
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DE SI GN AND IN STALLATION 

Clarifier Design 

Based on previous laboratory tests , a cover ed 10-ft 

diameter , bottom-entry type of Enviro-Clear clarifier was 

considered adequa t e when processing 300 gpm of Steffen 

cold so l ution containing 7% sugar . With the bottom-entry 

clarifier , the installation c ould be readily a rra nged to 

allow for a la r ge incr e ase in st a t i c hea d requ i red for 

gravity flow and the fee d pi pe c ou ld b e fi lled with acid 

for cleaning , if necessary . The liquid depth in the 

clarifier is 4 feet 6 inches to f ac i litate cleaning which 

will be described l a ter . This unit replaced a 16 ft 

diameter , 12 . 5 ft high 3-tray Dorr cla rifier . 

The general arrangemen t of t he new installation is 

shown in Figure 1 . Wit h the n e w single tray unit , sur­

r 

r 


Figu re 1 . Plan view of hot saccharate proce ss equipment. 

faces sub ject to s ca ling are minimized and there is ready 

access to the interior . The height of the clarifie r was 

e x te n d ed one foot above teh interior overflow launder . 

This was done to allow easy a c cess in t o the overflow l a u n ­

d er for c leaning , since the clarifier is covered. The 

cover has four removable sec t ions , one in each q u andrant, 

so personnel can work inside with little or no rest r ict io n 
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of working space. The mud rake design in the small clari­

fier consists of four rake arms bolted to a central drive 

shaft. As part of the inlet design, a deflector plate is 

positioned over the end of the feed pipe inside the clari­

fier. This defector plate is fastened to the mud rakes 

and rotates with the rakes. With this simplified design, 

there is a minimum of surface area to be cleaned. 

A deaeration tank, 5 ft in diameter and 6 ft high was 

installed between the cold waste heater and clarifier. 

This tank has a removable cover, a drain, and a manhole in 

the side to provide ready access. All piping between the 

cold waste heater, deaeration tank, and clarifier was de­

signed as flanged sections so the piping could be easily 

dismantled for descaling when required. Underflow and 

overflow piping was also fabricated in flanged sections 

for ease in cleaning. 

During operation, the liquid levels in the deaeration 

tank and clarifier are about the same elevation as indi­

cated in Figure 2. With the bottom entry clarifier de-

I"" NEW EXTEiiisioN i 
1 Elo 81.57 I 

Figure 2. Relative elevation of hot saccharate process 
tanks. 

sign, the clarifier feed pipe is low enough that when the 

clarifier is drained, liquid will remain in most of the 

pipeline from the deaerator. With this arrangement the 

feed pipe could be filled with acid, if necessary, and al­

lowed to stand to dissolve scale. 

Existing equipment such as the cold waste heater, fi­
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nal waste weir box, and underflow filter supply tank were 

left in place. The old multitray clarifier and its acces­

sory equipment such as the Dorrco mud pumps were removed. 

The new equipment was arranged to allow gravity flow of 

heated cold filtrate through the deaeration tank into the 

clarifier. Clarifier overflow and underflow are dis­

charged by gravity into the corresponding weir box and 

filter supply tank. 

The elevation of the deaeration tank and clarifier was 

critical with respect to requirements for gravity flow 

without danger of air entrainment in the clarifier feed. 

Piping changes were minimized by connecting new pipelines 

as directly as possible into existing lines. To meet 

these requirements it was necessary to support the clari­

fier on a 13 ft high, cylindrical support column anchored 

to the existing concrete pad used for the old clarifier. 

The new clarifier, deaeration tank, and associated piping 

were insulated. 

System Control 

Factory operators were consulted on various aspects of 

the new Steffen operation to anticipate possible problems 

with the new system. It was intended that the gravity 

flow system and clarifier operate with a minimum of at ten­

tion. In the clarifier, underflow is discharged automati­

cally. 

Sample ports were placed in the side of the clarifier 

where it was desired to control the sludge bed level. 

Piping from the sample ports was arranged so liqu~d would 

pass through a glass tube or flow-through cell. An infra­

red beam was passed through the cell. As sludge or clear 

liquid flows through the cell to affect the amount of 

light transmitted, a signal is generated by the infra-red 

detector to control the air to an air-operated underflow 

discharge valve. A parallel flow-through cell arrangement 

was provided, along with means to acid clean the cells. 

Means were also provided to manually bore out the sample 

lines if they become plugged with scale. 

The clarifier has a sightglass in the side wall, but a 
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high sludge bed level alarm was installed to alert opera­

tors to this condition so corrective action might be taken 

before sludge was carried into the overflow . A manual 

override was incorporated into the underflow discharge 

during process upsets . During processing a need was found 

for an alarm to indicate a high liquid level in the filter 

supply tank . This signal was integrated into the under­

flow valve control system to prevent discharge of under­

flow when the filter supply tank is full . 

Settling Aid 

Tests had shown that the same settling aid used for 

clarification of first carbonation juice could be used in 

t h e Steffen hot sacc ha ra t e clarifier . Separate metering 

pumps were installed for pumping settling aid stock solu­

tion into the hot saccharate clarifier feed . For the most 

efficient use of settling aid, it has been found necessary 

to use sof t water to make up settling aid stock solutions . 

A system was set up to dilute the stock solution with 

clarifier overflow prior to the solution being added to 

clarifier feed . Piping was arranged to allow use of water 

for dilution when overflow was not availab l e. The flow of 

dilution liquid is monitored by a rotometer. 

The settling aid was added into the clarifier feed 

line at a 90 0 elbow just below the clarifier where a hori­

zontal section of feed pipe changed to a vertical direc­

tion at the inlet to the clarifier . As shown in Figure 

3a , the addition nozz l e pointed upstream into the horizon­

tal section of pipe to enhance mixing of settling aii into 

the feed . 

STARTUP AND OPERATION 

Startup 

The Steffen house was started up in the normal manner 

at the beginning of the 1982 Spring campaign . Heated cold 

filtrate flowed from the heater through the deaerator and 

into the new Enviro-Clear clarifier under only a slight 

static hea d. Addition of settling aid was verified and 

flocculated particles could be seen in the clarifier 

through the sightglass in the side of the clarifier . As 
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Figure 3a. Original 
settling aid 
addition point . 

Figure 3b. Inlet 
scraper and revised settling aid 
addition point. 

time passed, however, it appeared that the suspended 

solids were not settling to form a normal sludge bed and 

sludge was being carried out in the overflow. The automa­

tic control system for underflow control would not work 

without a sludge bed interface and operation was placed on 

manual control. 

Tests were quickly made to verify that the settling aid 

being used was fully effective. Brief beaker tests indi­

cated the hot saccharate precipitate could be flocculated 

but comparative tests with fresh cold filtrate heated to 

85°C in the laboratory indicated the laboratory prepared 

samples flocculated better and settled faster. The tem­

perature in the clarifier was checked and found to be in 

the range of 60-65°C. Past experience at the Salinas in­

stallation had shown that clarifier operation wou~d be ad­

versely affected if the heated cold filtrate temperature 

was below 78°C. On inspection of the Woodland cold waste 

heater, it was found that steam addition was inadequate 

although a temperature indicator showed the temperature to 

be near 90°C, and that possibly the agitator had not been 

turned on. The temperature recorder was found to be out 

of calibration. As more steam was added the temperature 

in the clarifier rose to 78°C and finally up to about 

Clarifier performance improved immediately and a 

good sludge bed was formed. This experience confirmed 
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Shafor's remarks on the effect of temperature on clarifier 

performance (6) . 

Underflow Control 

The sludge bed interface control system began opera­

ting properly as soon as the sludge bed inter ace formed 

and clear liquid began flowing through the flow-through 

cell. The suspended solids content of the heated cold 

filtrate is in the range of 0.6 to 1.5% so considerable 

time is required to build a sludge bed with a solids con­

centration of up to 10%. If a large volume of underflow 

were to be discharged quickly, the sludge bed interface 

would fall a considerable distance and a relatively long 

time would be required to increase the sludge level . The 

large four-inch underflow discharge valve was much larger 

than required to handle the estimated average underflow 

rate of 25 gpm, but was chosen so if relatively large 

pieces of scale lodged at the valve, the valve could be 

opened completely to allow the scale to pass. To minimize 

sludge bed level fluctuations, air pressures and needle 

valves in the air lines were adjusted to cause the valve 

to open slowly to a preset point but to close immediately. 

A schematic diagram of this system is shown in Figure 4 . 

Adjustments were made to suit the conditions encountered 
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during normal Steffen house operation. During process up 

sets the valve could be controlled manually. On occasions 

when the valve remained closed for a relatively long 

period, the somewhat sticky sludge would not start to flow 

when the valve opened. Completely opening and closing the 

valve manually once or twice usually resulted in the 

sludge starting to flow. On a few occasions it was neces­

sary to inject air o r water into the underflow line near 

the valve to start flow. 

Filtration 

Filtration of the sludge appeared to be improved as 

compared to Dorr sludge. Not only did settling aid usage 

result in flocculated particles in the underflow but the 

underflow density was higher. Three small rotary vacuum 

filters were available and all had normally been used with 

the previous system. With the new system only two filters 

were usually required. The filter cake was thicker and 

easier to wash although it was necessary, as in the past, 

to keep the filters clean by acid washing. If the filters 

were not kept clean, there were times that the filter sup­

ply tank would become full enough that the high level sen­

sor would override the automatic clarifier underflow dis­

charge valve system and the sludge level in the clarifier 

would begin to rise. 

Scale Formation 

Of primary concern was the rate of scale buildup in 

the system and possible plugging of the clarifier feed 

line. Since gravity flow was used, any restric"tion in 

the feed line would cause the liquid level to rise in the 

deaerator and cold waste heater. As shown in Figure 2, 

the elevation of the top of the cold waste heater is lower 

than the top of the deaeration tank so the cold waste 

heater would eventually overflow as liquid backed up in 

the system. To monitor feed line clogging, the liquid 

levels in these tanks were periodically recorded. Based 

on the liquid level in the clarifier, the available free­

board in the deaerator tank was 27 inches but in the cold 

waste heater was only 16 inches. However, initial 
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measurements indicated the liquid level in the cold waste 

heater was bout 6 inches higher than that in the deaera­

tor. This difference in liquid levels was attributed to 

the piping arrangement in the cold waste heater and the 

effect of stirring the steam injection on gravity dis­

charge of liquid from the heater . The effective freeboard 

in the cold waste heater therefore was only about l2 in­

ches and after about 25 days operation liquid started run­

ning out the cold filtrate heater overflow pipe . 

The Steffen operation was shut down to determine where 

the feed line was restricted. Inspection revealed that 

very little scale had formed in the feed line until the 

point of settling aid addition. Between this point and up 

to the enlarged end of the feed pipe inside the clarifier, 

the pipe was almost closed with scale . Ahead of the 

settling aid addition point in the horizontal section of 

the 8 inch diameter pipe , sludge had settled to fill the 

bottom third of the pipe . At this level the fluid veloci­

ty kept the pipe from filling further . A layer of scal~ 

about tinch thick had formed on the inside wall. The 

settled sludge in the horizontal section was easily 

flushed out. 

Sludge had also settled in the bottom of the deaerator 

tank to a depth of about lO inches, after wh ich fluid ve­

locity apparently prevented further settling. Little or 

no scale had formed on the interior surfaces. 

Inside the clarifier, a layer of scale had formed on 

all interior surfaces. Below the sludge bed interfa~e the 

walls had a very thin layer of scale as did the underflow 

discharge line. Above the interface level a layer of 

scale l/2 to 3/4 of an inch thick had formed on the wall . 

Scale was particularly heavy around the top of the over­

flow weir where it formed a layer at the notched edge 

about 4 inches thick. This buildup contributed to an in­

creased liquid level in the clarifier which in turn caused 

an equivalent increase in liquid level in the deaerator 

and cold waste heater . The overflow box and pipeline 

were relatively clean . 



165 VOL. 22, NO.2, OCTOBER 1983 

During operation, the flow-through cells became coated 

with a brown film. This reduced the light transmission 

sufficiently to affect automati c operation of the under­

flow valve control. It was necessary to flush the cell 

with acid at least once a shift to keep it clean. It was 

also necessary to bore out the sample line with the device 

provided about once a day for flow to be maintained in the 

sample line . 

Modifications 

Based on the experience gained during the Spring cam­

paign, a few modifications were made to the system prior 

to the fall operation season. They included: 

1. 	 An increase in the height of the cold waste heater 

by about 20 inches . 

2 . 	 Relocation of the settling aid addition nozzel 

from the horizontal pipe section to a point nearer 

to the feed distributor in the short vertical in­

let section into the clarifier as shown in Figure 

3b . 

3 . 	 Installa t ion of a sc r aper blade on the rotat i ng 

deflector plate over the inlet inside the clari ­

fier . The a r rangement is shown in Figure 3b . The 

blade e xt ended down into the vertical inlet pipe 

section to sc r ape scale from the pipe wall that 

might form after settling ai d addition . 

4. 	 Placement of a standpipe in the overflow box to 

raise the liquid level in the clarifier to sub­

merge the overflow weir . 

5 . 	 Replacement of the 8 inch diameter horizontal in­

let pipe section with a 6 inch diameter pipe. 

Opera t ions were resumed and liquid levels in the 

deaerator tank and cold waste heater were again monitored. 

However , other commitments precluded obtaining adequate 

r ecords . There was one instance of an apparent blockage 

i n the inlet p ipe , bu t it was attributed to a period of 

low f low and a surge of sludge being carried into the sys­

tem . A b rief b lowdown of the feed line appeared to clear 

the line . Af t er about 31 days of operation, weathe r con­
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ditions caused the factory to shut down. 

Inspections showed little or no scale buildup from the 

cold waste heater to the point of settling aid addition. 

Sludge still settled in the deaerator tank but none was 

noted in the new horizontal section of feed pipe. After 

the point of settling aid addition, scale had built up on 

the pipe wall but apparently the scraper blade kept this 

to a minimum and there was very little reduction of the 

pipe cross section area . 

Scale still formed on the clarifier walls as before 

and scale still built up around the edge of the overflow 

weir. Sludge had been carried into the overflow box at 

some time and had been deposited around the standpipe. It 

had also backed up a short distance into the overflow 

launder on each side of the opening into the overflow box. 

These conditions indicated the modifications that had 

been made would extend the time between cleaning . A few 

minor modifications have been planned for the future to 

minimize scaling on the overflow weir and in the overflow 

box. The overflow weir is to be trimmed to remove the 

notches in the weir and the standpipe in the overflow box 

will be shortened and made removable. With a removable 

standpipe, the overflow box can be flushed out periodical­

ly if sludge is carried into the box. 

BENEFITS 

Most of the advantages anticipated with the Enviro­

Clear clarifier installation have been realized. The 

working conditions have been greatly improved; it lS no 

longer necessary for personnel to work in a cramped posi­

tion in a restricted space. In previous years, six to 

seven injuries, primarily from lime burns, occurred during 

cleaning of the Steffen clarifier. During the last year, 

since the installation of the new clarifier, no injuries 

have been associated with this particular task. Although 

initially the periods between cleanouts were about half of 

the previous 8-week periods, the time required for 

cleaning was greatly reduced. Cleaning had taken from 20 

to 22 hours and this time has been reduced to about 10 
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hours. Fewer personnel are required and there has been a 

reduction of about 40 man hours per cleaning. 

Maintenance costs have been reduced. There are no un­

derflow pumps to be maintained and there are fewer prob­

lems with the simplified sludge rake design . Energy usage 

has been reduced because of reduced power requirements. 

Instrumentation has proven to be reliable so the system 

requires very little operator attention except for 

cleaning of the flow-through cell and associated sample 

lines. 

Filter operation has been improved. With the more 

dense underflow and flocculated solids there has been an 

improvement in filterability and the number of filters on 

stream has been reduced. 

Clarification has been more efficient. Typical data 

for seperation of suspended solids in the multitray and 

Enviro-Clear clarifiers are shown in Table 1. 

Table 1. Solids Separation in Steffen Hot Saccharate Clarifiers . 

Suspended Solids, % 

Feed Underflow Overflow 
Dorr E-C Dorr E-C 

0.9 4 . 4 10.3 0.0151 0.0033 

1.3 4 . 0 10.1 0.0083 0.0045 

1.1 3 . 5 7.9 0.0040 0.0026 
0.0101 0.00281.1 4.6 8.9 

These data for the multitray clarifier were obtained 

when the factory cold solution rate was about 270 gpm. 

The data for the Enviro-Clear were obtained with "a 3-foot 

diameter pilot unit when using 1.0 ppm settling aid. No 

settling aid was used in the multitray clarifier. For the 

factory Envior-Clear , analysis on two consecutive days 

show the underflow suspended solids content varied from 

5 . 7 to 9 . 9% , while the overflow contained from 5 to 110 

ppm solids. The settling aid addition level has been very 

low , about 0 . 5 ppm on clarifier feed . Higher levels of 

addition would give higher underflow density . 

During the comparisons of the Envior-Clear pilot unit 

and the Woodland factory multitray cla ri fiers, analyses 
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showed a 0.020% lower sugar content for the Enviro-Clear 

clarifier overflow. Other data indicated degradation of 

hot saccharate in the factory clarifier contributed to the 

higher sugar content in the factory clarifier overflow. 

Analyses have not been made since installing the new 

clarifier to confirm the earlier data. 

SUMMARY 

In summary, the new clarifier performance has been sa­

tisfactory. A safer work environment has been provided 

and the number of personnel injuries has been reduced. 

Cleaning of the clarifier is still required and scale 

buildup has been rapid in a couple of areas, but the shut­

down for cleaning has been shortened since cleaning is 

relatively easy. Less manpower is required for mainten­

ance. Because of the short fall operating period after 

modifications were made to minimize scale buildup, the ef­

fect of the changes has not been fu l ly evaluated. Inspec­

tions have indicated the change will probably extend the 

period between shutdowns to a least the previous interval. 

The remaining problem of scale buildup around the overflow 

system will be studied during the next campaign. 
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