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ABSTRACT 

Spray tower designs for soaps and detergents, prac- 
tical operating conditions and practices in slurry 
preparation, and spray tower operation are described 
and illustrated. The specific problems of exhaust air 
purification, handling of fines, and the behavior of 
various builders and surfactants during spray drying 
are discussed. Dry neutralization systems and the 
combination of spray drying with dry neutralization 
to introduce heat sensitive and difficult to atomize 
materials, to use practically all types of surfactants, 
to increase capacity, and to save energy are consid- 
ered also. 

INTRODUCTION 

Presently about 9 million tons of powdered detergents 
are produced annually. Powders solely based on soap are 
still produced, but their quanti ty is only about 360 thou- 
sand tons. A relatively large quanti ty of the detergent 
powders is based on ternary mixtures of anionic surfac- 
tants, nonionics, and soap as the active material. In this 
respect soap had, for about 20 years, a small comeback, 
being now a constituent of many detergent powders, espe- 
cially where foam control in washing machines is essential. 
It is difficult to estimate the exact percentage of spray- 
dried powders of the total sum of powders produced in the 
world, but  conservatively estimating it is at least 75% of the 
total. 

Historically the first spray dryer was patented as early as 
1865 (1), but its large scale introduction in the soap indus- 
try began in the 1920s. The powders obtained had a fine 
powdery structure being similar to the soap powders ob- 
tained by older systems. The use of a spray dryer then 
resulted in better mechanization, labor savings, and less 
health hazards against the old " tennen process." In this old 
system a mixture of soap and builders, mainly soda ash and 
silicate, was produced as a kind of pasty mass in a strong 
mixer and then discharged onto the ground where it was 
left to solidify, later broken up, and ground in a hammer 
mill to a fine but very dusty powder. 

With the rapid rise in synthetic detergent production 
after the Second World War, a decisive forward step was 
made in the field of spray-drying technology; namely the 
introduction of high pressure spraying to produce our 
modern detergent powders in the form of beads. Actually, 
the importance of bead structure was recognized in 1927 
(2). 

In spite of the relatively high capital outlay for a modern 
spray dryer, the advantages and results justify the invest- 
ment. The advantages are: 

1. Variations in formulations are within a very wide 
range. Relatively high amount of active matter can be 
incorporated. The choice of builders, too, is practically 
unlimited. Bulk density of the spray-dried powder beads 
from the tower is variable within limits too, generally 
between 0.3 and 0.4. 

Moisture content  depends to a certain extent on 
the water absorption by the builders used and the per- 
centage of active matter in the finished product. The 
range is from 4 to 10%. 

2. The product has a pleasing appearance, and, 
being light, has more sales appeal. 

3. Spray-dried powders are dustless and free flow- 
ing and do not tend to lump. For normal formulations 
no special inner liners are required in packaging. 

4. Because the hollow beads have a large surface 
area, the powder dissolves instantly when added to 
water. This is important when powders are used in wash- 
ing machines with as short as 4 minute wash cycles. If 
the powder takes time to dissolve, valuable washing time 
is lost. Also, in tub washing, where no mechanical agi- 
tation takes place, portions of powders other than spray- 
dried powders can still remain undissolved even when 
the operation has been completed. 

5. Choice of active matter is practically unlimited. 
Only very heat sensitive surfactants like alcohol ether 
sulfates and nonionics with a long ethylene-oxide chain 
and surfactants with a strong tendency of stickiness at 
elevated temperatures should be excluded from spray 
drying. 

The method of introducing sensitive materials by 
special cold mixing processes, where the active matter is 
premixed with builders and the resulting mixture added 
to the spray-dried powder will be described later. 

SPRAY DRYING 
Batch Slurry Preparation 

The first step in spray drying is production of the slurry. 
The older batch system for slurry preparations involves 
considerable material handling and labor. Also at least two 
batch preparation mixers (crutchers) are required. From 
one the slurry is pumped into the tower, while in the other 
a fresh batch is being prepared. 

The size of each crutcher should be large enough to hold 
sufficient slurry to spray during the time it takes for an- 
other batch to be prepared and checked. If the crutchers 
are comparatively small, too many batches must be pre- 
pared per shift. If the crutchers are large, the slurry must be 
kept warm and stirred during the waiting period which also 
includes the time needed to pump the slurry into the tower. 
Also it is rather difficult to produce very large quantities of 
homogeneous slurries. Thus there is a tendency in a batch 
system to produce a less concentrated slurry with a lower 
solids content. Anyway, a great deal of power is required to 
obtain this homogeneity and to keep the slurry stirred until  
it is pumped to the spray nozzles. Furthermore, due to a 
prolonged residence time in the slurry mixers, changes in 
the rheological structure of the slurry occur especially 
caused by hydration of STPP. Also other components in 
the slurry tend to change its structure. 

CMC may form a gel structure, active matter, especially 
soap, causes increase in viscosity owing to the effect of 
electrolytes, i.e., the builders. Very often the slurry turns 
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t SOLID RAW MATERIALS DAY-SILOS 19 FEEDING FILTER 
2 SOLID RAW MATERIALS EXTRACTION SCREWS 20 HOMOGENIZING PUMP 
3 SOLID RAW MATERIALS PROPORTIONING GROUP 21 HOMOGENIZING PUMP 
4 PREMIXING SCREW CONVEYOR 22 SELF-CLEANING FILTER 
5 LIQUID RAW MATERIALS DAY-TANK ;~3 HIGH PRESSURE PUMP 
6 COLOR PREPARATOR 24 SURGE VESSEL 
7 COLOR DAY-TANK 25 REGULATION VESSEL FOR LIQUID 
8 RECOVERY SLURRY DAY.TANK RAW MATERIALS OESCHARGE 
g RECOVERY POWDER DAY-TANK 26 DEAERATOR VESSEL 

10 HEATING VESSEL AND PROCESS WATER STORAGE ~ VACUUM PUMP 
11 LIQUID RAW MATERIALS PROPORTIONING GROUP VAPORS SUCTION GROUP 
12 RECOVERY POWDER DISSOLVING TANK 28 WASHING WATER TRANSFER PUMP 
13 FEEDING FILTER 30 SLEEVE FILTER FOR SOLID 
14 RECOVERY POWDER FEEDING PUMP RAW MATERIALS DAY-SILOS 
15 RECOVERY SLURRY COLLECTING VESSEL 31 FAN FOR SLEEVE FILTER 
16 RECOVERY SLURRY TRANSFER PUMP 3e SLEEVE FILTER FOR SOLIDS 
17 SLURRY PREPARATOR PROPORTIONING GROUP DEDUSTtNG 
18 SLURRY AGEING VESSEL 33 FAN FOR SLEEVE FILTER 

FIG. 1. Continuous slurry preparation. 

into a stiff mass, which is very difficult to liquify again. The 
addit ion of  water not  only causes a reduction in the output  
of the tower, thereby increasing fuel consumption,  but  also 
irregularities in the slurry structure and fluidity, leading to 
lack of uniformity in the quali ty and structure of  the 
powder coming from the spray tower. Thus, generally, 
there is a tendency in a batch system to work with a more 
dilute slurry, which results in a decreased output  and in- 
creased fuel consumption. 

Discontinuous slurry preparation is still used, however, 
especially for spray towers with a relatively small output ,  
1000 to 2000 kg/hr output  and when labor costs are rela- 
tively low. Some systems combine automated dosing and 
weighing with a batch slurry preparation. 

The shortcomings of the batch process, however, are 
avoided in an efficient continuous slurry preparat ion sys- 
tem. The crutchers are smaller, heat control  is easy and 
efficient, residence time is shorter and well defined. This 
assures that changes in slurry structure are well under  con- 
trol, and homogenei ty  is improved. A high solids concentra- 
t ion in the slurry is thus obtained, and less water has to be 
evaporated resulting in a higher output  with less fuel con- 
sumption. 

Continuous Slurry Preparation 
The system for continuous slurry preparat ion was first 

reported in 1964 (3). Since then great progress has been 
made in the field of automatic dosing with load cell scales, 
improvements in the solid premixing system, and many 
other  details of  the basic system~ 

Actually the improvements are based on the practical 
experience of the older system based on more conventional 
weighing scales. With the application of the modern load 
cells, weighing is carried out  without  rotat ing parts. There is 
an analog or digital weight indication, complete  protect ion 
of the dosing system against outside influence and mois- 
ture, temperature,  and dust. There is an automated self- 
correcting tare control. 

The new continuous system is based on a large number 
of discontinuous weighing operations for active mat ter  in 
liquid or paste form, solutions of optical brighteners and 
for solids, alkaline builders, sodium sulfate, and CMC. The 
system has the precision of batch weighing and the advan- 
tage of continuous material flow. Setting of  the propor t ion  
of each component  of the detergent formula on the 
control  panel can be easily adjusted for new formulas. 

Figure 1 depicts the basic features of  the system. On the 
left side the silos for solids, which are static material  con- 
tainers instead of the older rotating drum, are connected to 
a strain gage transducer with tare control  and compensa- 

tion. The solid proport ioning group is fi t ted with a sleeve 
filter for dust-free operation.  At the end of  the solid pro- 
port ioning line there is a screw conveyor premixing the 
propor t ioned solid before transfer into the slurry crutcher.  

On t h e  right side there are the liquid material  storage 
tanks and the strain gage weighing system, similar to the 
solid weighing system. The electrical ou tput  signal from the 
strain gages is amplified and utilized to effect the opening 
and closing of the feeding and discharge operations.  

Also depicted in this figure is a system for preparing 
color solutions and/or  optical brighteners. All those liquid 
components  which may be premixed provided they are not 
reacting with each other  are fed into the liquid discharge 
vessel. 

Besides the advantages of being insensitive to the ambi- 
ent temperature,  dust and moisture, accurate and simple, 
the strain gage system allows for self-correcting automat ic  
tare setting. This system is especially well adapted for 
handling viscous liquids or pastes, which may leave residues 
on the weighing container,  or solids which stick to  the 
walls. A memory records the residual weight left on the 
container and cancels it before beginning the next  weighing. 
Therefore, the actual value of  weight is by difference 
between two weighingsand not by absolute value. 

The premixed solids and the liquids and/or  pastes are 
transferred into the slurry mixers. This is a high-speed 
crutcher designed to break up agglomerates. No air is en- 
t rapped during the slurry preparation step. 

Slu rry Aging 

From the crutcher, the slurry passes by  overflow into 
the slurry aging vessel. A g i n g  of the slurry is very impor- 
tant for the homogenei ty  and structure of the slurry and 
subsequently for the quality and uniformity  of the b e a d s  
coming from the spray-drying tower. Rheological structure 
of the slurry may eventually be checked continuously with 
a dynamic viscosimeter, e.g., a modified Brookfield type  
viscosimeter, which may be inserted at the overflow from 
the aging vessel. 

It was found that varying the residence time, normally 
between 20 and 30 minutes, in the aging vessel may give for 
each specific slurry composit ion opt imum structure of the 
slurry. 

A level t ransmitter  based on measuring the liquid pres- 
sure-head transmits a s ignal  to  the weighing system 
changing the frequency of the weighing system. If the level  
is too low, frequency increases; if the level is too high, 
frequency decreases, By adjusting the pos i t ion  of the level 
transmitter,  the level in the aging vessel, and thus the resi- 
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I FUEL (~lC DAY-TANK 11 TOWER SUCTION FAN 
2 FUEL OIL pUMPING STATION 12 DOUBLE FLAP DISCHARGERS 
3 BURNER 13 RECOVERY POWDER CYCLON 
4 AIR COMBUSTION 14 RECOVERY POWDER FAN 
5 COLD AIR FAN 15 BELT CONVEYOR 

HOT AIR GENERATOR 16 AIR-LIFT 
7 SPRAY-DRyING TOWER 17 AIR-LIFT SUCTION CYCLONES 
8 CLEANING RING t 6 AIR-LIFT SUCTION FAN 
9 NOZZLES CIRCIJIT ~ DOUBLE FLAP DISCHARGERS 

10 TOWER SUCTION CYCLOhlES GROUP 20 VIBRATING SIEVE 

FIG. 2. Plant for spray drying of detergents and soaps. 

dence time may be fixed. On the other hand, the output  
from the nozzles of the spray tower decisively determines 
the flow rate of the slurry preparation system. 

Sometimes it may be desirable to neutralize and/or 
saponify alkylbenzene sulfonic acid and distilled fatty acids 
in a continuous system instead of using neutralized AB-sul- 
fonic and/or curd soap. In this case, the neutralization 
vessel is set up ahead of the slurry crutchers. AB-sulfonic 
acid and/or fatty acids are proportioned into this neutral- 
ization vessel with sufficient caustic soda solution to com- 
plete neutralization and saponification. The pH is main- 
tained at ca. 8.5 to 9.0. The neutralization system is, of 
course, coordinated and integrated into the proportioning 
system as a whole. 

This might be an advantage when AB-sulfonic acid is 
available from a nearby SO3-sulfonation plant or arrives by 
tankcar. Especially the less viscous linear ABS is easily 
pumped into the slurry preparation system and requires less 
power f o r  pumping and relatively smaller diameter pipes 
than needed for pumping a neutral ABS paste. 

Soap too might easily be prepared at the same time from 
distilled fatty acids, particularly in cases in which a soap 
production plant is not available near the spray-drying 
installation. Actually, all kinds of variations in production 
can be accommodated by the automatic slurry preparation 
system. 

In this connection we want to mention a new develop- 
ment;  in order to overcome problems with sodium tripoly- 
phosphate in the slurry, a new type of STPP has been devel- 
oped by the German firm Hoechst-Knapsack. This special 
STPP is prehydrated with a certain percentage of water. 
This prehydrated STPP permits smoother running of the 
slurry preparation system and permits a very high solids 
content of up to 67%. Unfortunately this rather recent devel- 
opment comes at a time when there is a tendency to replace 
phosphates by other compounds, such as zeolites, organic 
sequestering agents, special organic polymers, and citrates. 

From the aging vessel the slurry now passes through a 
system of filters. The first filter retains rather coarse and 
very hard material. From there the slurry passes through a 
homogenizing pump, which acts as a homogenizer and 
medium pressure pump. The slurry leaves the pump at 
about 7 atm pressure. From there the homogenized slurry is 
deaerated under reduced pressure and forced through 
another self-cleaning filter with a finer mesh. Other slurry 
refining systems use different kinds of so-called delumping 
devices and various types of filters and a series of pumps 
before the high pressure pumps. 

From the last self-cleaning filter the now refined slurry 
passes to the high pressure pump. The construction of the 
high pressure pump, which in a modern plant should reach 

up to 100 atm pressure, is very important.  
It was found that a short stroke is very important  for 

such a high pressure and also accounts for the long life and 
smooth running of the pump. To permit variations in pres- 
sure for diverse slurry compositions and, as we will see, also 
for regulating bulk density, the pump is provided with a 
variable speed motor. 

Spray Tower 

The actual spray-drying process is shown in Figure 2. 
The nozzles are arranged to assure that the sprayed slurry 
does not touch the wall of the tower. The orifice of the 
nozzles ranges from 2.5 to 3.5 mmo There are enough extra 
nozzles in the top of the tower in case they must be cleaned 
during the running of the plant. For this eventuality a 
steam cleaning system is provided, which in a modern plant 
may be operated from the control panel. Drying is accom- 
plished by a current of hot air. The direction, speed, and 
temperature of this air current determine to a very large 
extent the properties of the powder beads. Hot air is gener- 
ated in a special direct fired furnace. Complete combustion 
of the fuel is essential because incompletely burned fuel, 
which gives off carbon, darkens the finished product. Warm 
air is circulated by three blowers. The first two are for 
carrying the air through the furnace and the hot air fuel gas 
mixture to the spray tower. The third blower, situated after 
the cyclones, produdes the required pressure drop and suc- 
tion effect in the drying chamber. Some outside air is 
sucked into the bottom cone of the tower cooling the dry 
beads. Flaps in each air stream regulate the  flow of the 
diverse air currents. The quality of the hollow beads 
depends, to a large extent, on the direction of the air 
c i rcu i t s .  Other factors, too, influence structure, density, 
and quality of the beads: structure and solids content  of 
the slurry, degree of refining of the slurry reaching the 
nozzles, and the pressure in the high pressure pump. 

Basically, there are three different air flow systems: (a) 
parallel or co-current, (b) countercurrent,  and (c) mixed. 
With parallel air flow, beads of very low density may be 
obtained, i.e., 80-150 g/1 and with a maximum moisture 
content of 3 to 8%. Bulk density may be automatically 
determined and recorded with a special instrument based 
on weighing a cons tant  volume flow of powder from the 
tower. 

Concurren~ air flow produces beads with a density of 
150-450 g/1 and a moisture content  of 6-15%. 

With the mixed air flow, density is variable. As may be 
seen from the diagram, air is liberated from the dried beads, 
which later fall on the belt conveyor at the bot tom of the 
tower. 
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21 No CI SOLUTION VESSEL 
22 No OH CONSTANT LEVEL VESSEL 
23 SCRUBBER 
24 COLLECTION VESSEL 
25 RECYCLE PUMP 
26 TRANSFER PUMP 

21 

25 I I 26 

FIG. 3. Discharge gas scrubbing. 

TABLE I 

Utility Data for Spray Dryersa 

Installed power (kw) Compressed 
air 

Nominal Continuous Batch Gas fuel Steam consumption Water 
capacity slurry slurry consumption consumption (nm3/hr@ consumption 
(kg/hr) preparation preparation (kg/hr) (kg/hr@ 6 bar) 10 bar) ** (m3/hr) 

250 -- 70 25 100 . . . . .  
500 125 120 40 200 18 0.3 
750 140 135 60 225 25 0.4 

1,000 155 150 80 250 27 0.6 
1,500 185 1'75 120 250 27 0.7 
2,000 210 195 160 300 313 1.2 
3,000 250 240 300 33 1.3 
4,000 275 320 350 33 1.9 
5,000 300 400 350 36 2.3 
6,000 405 480 380 38 2.7 
7,000 460 560 420 38 3.1 
8,000 485 640 450 40 3.8 
9,000 505 720 475 42 4.0 

10,000 530 800 500 45 5.0 
15,000 895 1200 700 54 6.5 
20,000 1120 1600 1000 66 9.0 

aFacitities are for plants with de-aeration system and recycle of fines. (*) For SABIZ 8000 kg/hr, and more, in- 
cluding airlift. (**) For plants with continuous slurry preparation only. 

Handling of  Fines 

Fines  are carr ied w i t h  the  air to the  cyclones.  The  

n u m b e r  of  cyc lones  d e p e n d s  on  the  size and  o u t p u t  o f  the  
d ry ing  tower .  In the  sp ray-dry ing  p l a n t  as s h o w n  in F igure  
2, t he  f ines f rom t h e  cyc lones  are r e i n t r o d u c e d  i n t o  the  
u p p e r  par t  o f  the  t o w e r  where  t h e y  c o m e  in to  i n t i m a t e  
c o n t a c t  w i th  the  still  we t  spray  of  s lurry  fal l ing d o w n  f rom 
the  nozzles .  

Each  cyc lone  is p rov ided  w i t h  a doub le - f l ap  d ischarge  
device wh ich  opens  and  closes au toma t i ca l ly .  Thus ,  the  
whole  rec i rcu la t ion  sys tem for  the  f ines is c o m p l e t e l y  and  
au toma t i ca l l y  in t eg ra t ed  i n to  t he  sys tem.  This  new sys t em 
e l iminates  any  f ines f rom the  sp ray-dry ing  plant .  Besides 
this  obv ious  advan tage  o f  cu t t ing  o u t  f ines and  increas ing  
t he  o u t p u t  of  beads ,  th is  a r r a n g e m e n t  pe r m i t s  a dus t - f ree  
o p e r a t i o n  and  e l imina tes  the  r a the r  unp lea san t  h a n d l i n g  of  
separa ted  fines. I f  no  sys tem for r e i n t r o d u c t i o n  of  f ines 
in to  the  spray ing  c h a m b e r  is available,  t he  f ines are to  be  
i n t r o d u c e d  back  i n t o  the  slurry.  S o m e t i m e s  t hey  f ind use as 
the  de t e rgen t  base  for  scour ing  powders .  

Exhaust Gas Scrubbing 

Rules against  air  p o l l u t i o n  have  b e c o m e  very  s t r ingen t  all 
over  the  wor ld .  To achieve  the  discharge of  ve ry  pure  
exhaus t  air, the sp ray-d ry ing  p l an t  is p rov ided  w i t h  an  effi- 
c ient  w e t - s c r u b b i n g  sys tem.  Sc rubb ing  w i t h  b r ine  so lu t ion  
pe rmi t s  e f f ic ien t  s c r u b b i n g  w i t h o u t  u n d u e  f o r m a t i o n  of  
foam in the  s c r u b b i n g  so lu t ion .  In case o f  fue l - con ta in ing  
sulfur ,  NaOH is used for  s c r u b b i n g  o u t  SO2. 

As m a y  be  seen in F igure  3, the  s c r u b b i n g  so lu t ion ,  
w h e n  it has  r eached  its s a t u r a t i o n  po in t ,  is recycled  to  the  
wa te r  t ank  for  the  s lurry p r e p a r a t i o n  un i t .  T h e  a m o u n t  o f  
mate r ia l  to  be recycled is no t  s igni f icant  e n o u g h  to  change  
the  c o m p o s i t i o n  of  the  p o w d e r  f o rmu la t i on .  

The  spray  t ower  is p rov ided  w i th  a c lean ing  ring,  and  at  
regular  in tervals  the  ring is s lowly m o v e d  up  and  d o w n  the  
s t ra ight  sides o f  the  t o w e r .  The  r ing b rushes  o f f  excess 
p o w d e r  be fo re  i t  can bu i ld  up.  It also m a k e s  per iod ic  
c leaning o f  the  t ower  super f luous .  

In c o n n e c t i o n  w i th  t he  p o l l u t i o n  p r o b l e m  in spray  
dryers,  we would  like to  m e n t i o n  the  ve ry  de ta i led  work  
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Fmm spray- drying 

�9 t ~ t  f " 

t SPRAY*DRIED DETERGENT BELT CONVEYOR 13 BELT CONVEYOR 
2 SPRAY-DRIED DETERGENT BELT CONVEYOR 14 ROTARY MIXER 

WITH REVERSE RUNNING 15 PERFUME DAY,TANk 
3 SPRAY-DRIED DETERGENT STORAGE SILO 16 NONIONICS DAY.TANK 
4 SPRAY,DRIED DETERGENT EXTRACTION BELT 17 BELT CONVEYOR FOR PACKAGING MACHINE 
5 pERaORATE DAY-SILO 18 MIXED DETERGENT DISTRIBUTION HOPPER 
6 ENZYMES DAY.SILO 19 PACKAGING MACHINES 
7 FEEDING HOPPER FOR SPRAy-DRIED DETERGENT WEIGHING BELT 20 SLEEVE FILTER FOR PERBORATE 
6 DAY-SILO FOR ADDITIONAL SOLID COMPONENTS 21 FAN FOR SLEEVE FILTER 
9 pERBORATE WEIGHING BELT ~v2 SLEEV E FILTER FOR DEDUSTING 

10 ENZYMES WEIGHING BELT 23 FAN FOR SLEEVE FILTER 
11 SPRAY.DRIED DETERGENT WEIGHING BELT 24 SLEEVE FILTER FOR DEDUSTING 
12 WEIGHING BELT FOR ADDITIONAL SOLID COMPONENTS 25 FAN FOR SLEEVE FILTER 

FIG. 4. Mixture preparation and packaging. 

S O L I D  C O M P O N E N T S  
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i l l  [lit L,I 
L I Q U I D  C O M P O N E N T S  a ~  ~ 9 

~ T O  C O M B I N A  O N  UNIT 

T PROP@RTIONtNG PUMP FOR UOUIO 
COMPONENTS 
WEIGHING SCALE 

3 StLOS FOR ~OL ID COMFI~NENTS 
EXTRACTION SCREW FOR SOLID COMPONENTS 

5 VESSEL FOR SOLID RAW MATERIALS WEIGHING 
6 WEIGHING SCALE 

HIGH-SPEED MIXER NEUTRALIZER 
8 COLLECTING HOPPER FOR MIXED PRODUCT 
9 TRANSPORT BELT FOR AIRUET CHARGE 

~0 AIRLIFT SEPARATION VESSEL 
11 DOUBLE- FLAP DISCHARGE R WITH 

PNEUMATIC CONTROL 
12 SLEEVE FILTER 
1 A~RLIFT SUCTION FAN 
14 SLEEVE FILTER FOR DEDUSTING 
15 FAN FOR SI.EEVE F~LTER 
16 OOUaLE.FLAP DISCHARGER 

FIG. 5. Dry neutralization of alkylbenzene sulfonic acid and fatty acids. 

dealing with the formation of organic aerosols in the 
exhaust gas from spray towers (4). Organic aerosols, 
according to this research group, are formed especially from 
the unsulfonated matter of sulfonates or sulfated anionics 
and also from nonionics with relatively low vapor pressures. 
It was found that the aerosols are mainly caused by a kind 
of vapor distillation of organic material. Cracking and/or 
oxidation, according to this research, is generally not, or 
less, responsible for this aerosol formation~ Our experience 
with an efficient scrubbing system indicates that these 
kinds of aerosols are retained in the scrubbing liquid as 
described. Of course, it must be conceded that high 
amounts of "volatile" organic matter may eventually pass 
through. Naturally, perfectly sulfonated anionic compo- 
nents should be used, and nonionics liable to vapor distilla- 
tion in the spray-drying system should best be excluded 
from the formulation in the slurry. Those components, if 
considered essential in a formulation, should be introduced 
outside the spray dryer, namely in a kind of premix system. 
This subject will be discussed later. 

The powder from the tower passes via a belt conveyor to 
an airlift (Fig. 2). The airlift has the additional beneficial 

effect of further cooling the powder and facilitating crystal- 
lization. 

Utility data for spray towers of different outputs are 
shown in Table I. Labor requirements for smaller plants 
with continuous slurry preparation are about four skilled 
and unskilled workers, a n d  up to seven workmen for the 
very large plants with 10 to 20 ton/hr output. In actual 
practice, especially with slurries produced with solid con- 
tent of 60% and more, and with active matter permitting 
operation at the higher temperature level for the hot air/ 
fuel gas mixture entering the tower, the consumption of 
electrical power, fuel, and steam wit1 be considerably below 
the data given in the table. 

The following parameters give indications for the actual 
running of a spray-drying plant: 

1. The temperature of the hot air mixture entering 
the tower is around 250-350 C. Generally with powders 
having a high active matter content the temperature is 
maintained at the lower level, whereas with less active 
matter content  at the higher level. 

2. The exhaust from the tower is at around 
90-110 C. 
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WEIGHING BELT FOR HEAVY POWDER 13 PERFUME PROPORTIONING PUMp GROUP 
C)AV-SILOS FOR SPRAY.DRIED DE fERGENT STORAGE 14 STATIC PERFUMER 
Wel~141tq~ ~1_'r FOR S~'RA~-DRIED DE'~RGEN T 15 PELT CONVEYOR TO THE pACKAGIN G MACHINES 
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FIG. 6. Combination unit for soray-dried and dry-mixed powders. 

TABLE II 

Particle Sizes 

Particles retained on Spray-dried Mixed powder 
(ASTM sieve number) Heavy powder (%) powder (%) (1:1 rat io)  

14  2 2 2 
25  16 25  2 4  
50 37.5 54 46 
70 40 15 26 

1 0 0  4 4 2 
B e l o w  1 0 0  0.5 . . . . .  

3. The jet  of  slurry at the exit of  the nozzles is 
80-100 C. 

4. The temperature of  the powder coming from the 
lower c o n e  of the tower is about  60-70 C. 

5. When leaving the airlift, the temperature of the 
powder  is around 35 C. 

6. The quanti ty of  air introduced is 10,000-15,000 
m 3 for each ton of powder,  when the slurry has a solids 
content  not  less than 60%. 

Figure 4 depicts the finishing operation for powders in 
which there are special additives like enzymes, perborate ,  or 
percarbonate,  eventually the new zeolite type builders, and 
the new phosphate replacements now being widely dis- 
cussed (5). 

DRY NEUTRALIZATION 

This brings us now to powder  product ion by  dry neutral- 
ization and describes the eventual combinat ion of  the two 
powders in a coordinated completely automated system. 

Ternary mixtures of  anionic surfactants, such as linear 
alkylbenzene sulfonates and/or  higher fat ty alcohol sul- 
fates, soap, and nonionics are now used in most of the high 
grade detergent powders on the market.  The trend is to 
increase the ratio of  nonionics in these ternary mixtures. 
These combinations of surfactants, with a high ratio of  non- 
ionics, make it possible to obtain good detergency and also 
good foam control  in modern household washing machines. 

However, an increase in the percentage of  nonionics 
above a certain level may cause difficulties in the spray- 
drying process. Stickiness, fragibility of powder coming 
from the tower, stickiness, and the volat i l i ty problem, are 
sometimes difficult problems to overcome. 

Qualitatively, many of the more efficient nonionic sur- 
factants, from the point  of view of  detergency and bio- 
degradability,  are heat sensitive and therefore difficult  to 
atomize. 

A further trend is to increase the bulk density of the 
final powder above the usual level of 0.3-0.35. This again, 
combined with the trend to use nonionics in high per- 
centages, has added another  headache for the plant engi- 
neer. Indeed, to produce powder  in bead form and high 
percentage of active mat ter  with a density above 0.4 is 
rather difficult. The process to be described (Fig. 5)serves 
to overcome these difficulties and makes it possible to work 
out opt imum detergent formulations without  causing diffi- 
culties in the product ion process (6). 

With all the new developments in the detergent industry, 
flexibili ty in processing plants has become a primary 
consideration in the trade now. To obtain this flexibili ty is 
the purpose of the dry neutralization process. This process 
consists of a dispersion system which distributes the active 
mat ter  components  onto the detergent  builders. This very 
homogeneous  dispersion of the surfactants onto  the 
builders is accomplished in a mi~-er which has especially 
designed plough type horizontal  mixing blades rotating at 
high speed and passing very close to the mixer walls. This 
design guarantees very efficient blending of all the com- 
ponents.  In addition, ultra high speed rotat ing disinte- 
grators are inserted to  prevent any lump formation.  

In contrast to "spray-mixing,"  "fluid bed," and "ag- 
giomerat ion" processes, f ixation of the active mat ter  com- 
ponents is accomplished by  mechanical disintegration of 
the solid builder material onto which the active mat ter  
components  are added by  means of  a rather simple disper- 
sion system. In most spray-mixing systems special high 
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TABLE III 

Formulas for Powders Produced by Dry Neutralization 

1 2 3 4 5 6 
All-purpose All-purpose Light duty Heavy duty Heavy duty Solvent 

Component (%) non-machine machine (hand) (hand) machine powder 

AB sulfonic acid 14-15 5 15 12-15 5 5 
Dist. fatty acids -- 4 . . . . . .  4 3 
Nonionic 2-3 6 2 --- 4 3 
TPP and/or STPP 30 30 20 15 20 20 
Metasilicate (5 H20) or 

spray-dried disilicate 3 3 --- 5-6 5-6 5 
Soda ash 15-20 15-20 20% max. to make 100% to make 100% to make 100% 
Sodium bicarbonate . . . . .  30 . . . . . . . .  
Sodium sulfate to make 100% to make 100% to make 1 0 0 %  . . . . . . . . .  
CMC 2 2 --- 1.5 1.5 1.5 
Optical brightener 0.2 0.2 0.2 0.2 0.2 0.2 
Perborate 10 10 --- 10 10 --- 
Enzymes calc. 

300,000 DU 0.5 0.5 . . . . . . . . . . . .  
Perfume 0.2 0.2 0.2 0.2 0.2 0.2 
NaOH sol. 30% 2-3 2-3 2-3 2-3 2-3 2-3 
Solvent deo-kerosene . . . . . . . . . . . . .  4 

absorption types of  builders are used, whereas in a system 
based on mechanical dispersion and powerful disintegra- 
tion, a much wider variety of builders in normal powder 
form may be used. The mixing disintegration unit is of a 
relatively small size in relation to its output.  Loading, dis- 
charging, and residence times are short. While most spray- 
mixing systems are designed to obtain powders approaching 
the structure of  spray-dried beads with relatively low 
density, the system described here aims at a powder with 
relatively high density, but with a structure to make it 
adhere strongly to the surface of  beads coming from a spray 
tower. 

The mixing unit may be used either for the incorpOra- 
tion of  high percentages of nonionics or for the incorpora- 
tion of  sulfonic acid and/or distilled fatty acids, with or 
without nonionics. In this case, the ABS and fatty acids are 
neutralized immediately in contact with the builders. Fat ty 
acids are transformed in a single step operation into soap 
without leaving any unreacted fatty acids. Certain proc- 
essing details are to be observed to guarantee the complete 
neutralization of ABS and the complete saponification of 
distilled fatty acids. 

This "dry  neutralization and saponification" is accom- 
plished by using a small percentage of an alkaline aqueous 
phase (representing only a small fraction of the stoichio- 
metric amount of  NaOH) as a kind of accelerator or "trig- 
ger" for the reaction. Actually the aqueous phase, generally 
only 2 to 4% on the total mix, is added at the same time, 
but not premixed with the surfactant components. To give 
a general indication of the efficiency of the mixing system: 
only about 3 to 4 minutes are required for even distribution 
of nonreacting nonionic components onto the builder mix, 
and about 4 to 6 minutes for "react ing" components,  i.e., 
AB sulfonic acid and/or distilled fatty acids. Automatic 
charge and discharge takes approximately an additional 
minute or two, depending on the size of  the mixing system. 
The process can be run completely automatically with 
weighing and dosing similar to continuous slurry prepara- 
tion. 

Depending on the bulk density of the builders used, the 
amount of the surfactants added, the bulk density of this 
powder from the first phase of  the process is in the range of 
0.6 to 0.9. The product from this process may be used as 
such for detergent powders, e.g., washing powders for 
commercial laundries, metal cleaning detergents, etc. The 
powder is less dusty than otherwise produced "heavy 
powders." The process may be carried out in such a manner 
that powders, either with a granular or a finer structure, are 
produced. The process is flexible enough to produce 
powders in a wide range of  particle size. 

The powder from the dry neutralization system may be 
combined with powder from the spray dryer (Fig. 6). 
Surprisingly the bead structure of  the powder from the 
spray dryer is not  changed when adding the "heavy"  
powder from the dry neutralization system - even in 
proportion of 1 : 1. Also, the density of  such mixtures does 
not  change proportionally to the ratio of  heavy powder to 
spray-dried powder. An indicative formula to calculate the 
bulk density of  mixtures is given as: 

100 
Density of  mixture = a +-- -~  

d '  d "  

a = Percentage of heavy powder (by weight)  
b = Percentage of beads (by weight)  
d '= Density of heavy powder 
d "= Density of beads 

The unchanged structure and the relative small change in 
bulk density of  mixtures is explained by the fact that the 
hollow bead structure is not affected by the "heavy"  
powder, which actually covers and is fixed onto the large 
surface of  the beads. 

Typical particle size data of  "heavy powder," spray- 
dried powder, and the 1 : 1 mixture of the two are shown in 
Table II. 

Attaching a dry neutralization unit to an existing spray 
dryer will at least double production with only minimal 
additional space requirements. 

Under present energy conditions the obvious savings in 
this respect must also be considered. An increase in bulk 
density of powders, of course, still with a bead structure, 
means increase in packing machine output, saving in trans- 
port, and saving in packing material. 

This combination of powder with spray-dried powder 
permits great freedom in powder formulation and bulk 
density requirement (Table III). 
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