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Increasing the bulk density of STPP – influence of the process parameters

Katarzyna Gorazda
*
, Marcin Banach, Agnieszka Makara, Zbigniew Wzorek

Institute of Chemistry and Inorganic Technology, Cracow University of Technology, ul. Warszawska 24, 31-155 Kraków,

Poland, e-mail: gorazda@chemia.pk.edu.pl,

The new requirements  that were placed on STPP, like high bulk density, the proper relation of Form I and

Form II and suitable physicochemical properties, resulted in the development of the present production

methods. The paper presents the research results on increasing the bulk density of STPP by a chemical

method. In the introduced method the solid sodium phosphate from spray drying and sodium orthophosphate

solution, after acid neutralization, were rubbed together. Such an operation changes the physicochemical

properties of the dried sodium phosphate before calcining, which results in increasing the bulk density of

STPP to a level of 0.80 kg/dm3. The dependence of STPP bulk density on process parameters such as:

sodium orthophosphate solution to solid sodium phosphate mass ratio, temperature of dosed sodium ortho-

phosphate solution, as well as the calcining temperature of mixtures were analysed.

Keywords: sodium tripolyphosphate, STPP, high bulk density.

INTRODUCTION

The detergent market is one of the most competitive in

the world. Despite the presence of different forms of

detergent formulas like liquids, gels or tablets, washing

powders are still most often used by Polish consumers.

Sodium tripolyphosphate (STPP), because of its benefi-

cial properties, is one of the most commonly used wash-

ing powder components in the form of an active builder
1–

3
. The development of production methods and inactive

builders elimination from the washing formula initiate

evolution to compact powders, concentrates and tablets

manufacturing. Such products are more effective and are

characterized by higher bulk density than the former ones,

which reduces the washing costs and improves the eco-

nomic and ecological parameters
4
.

The STPP production consists of the following stages:

phosphoric acid neutralization with soda ash or caustic

soda, dehydration of the obtained mixture and its calcin-

ing. Technological solutions are based on a one-stage

method, where dehydration and calcining are realized in

one apparatus, or a two-stage method which separates

these processes 
3
. In the two-stage method the mixture of

monosodium- and disodium hydrogen phosphates obtained

after the neutralization process is dried in a spray drier,

where partial condensation to sodium pyrophosphates

occurs and solid mixtures receive a structure of "empty

shells" with low density of around 0.4 kg/dm
3
 
5, 10

. In the

final stage the mixture of sodium orto- and pyrophosphates

is calcined in a rotary kiln, where further condensation to

STPP takes place. The calcining temperature relates to

the parameters of final products and is on average

350–550°C. Bulk density of the final product is increased

from 0.45–0.65 kg/dm
3
 to nearly 0.9 kg/dm

3
 during fur-

ther technological operations of deep milling, hydration

or compactation
5
. The milling operation increases the

product bulk density to 0.85 kg/dm
3
 but enlarging the

fine-grain fraction reduces its possible use. Methods of

granular STPP production, widely described in the litera-

ture, are based on the hydration process of STPP after

calcining
6–9

.

The presented solutions result in higher energy con-

sumption, hence the modification of accessible methods

of raising the bulk density of STPP is well-grounded. Such

a method, in wide demand, should enable obtaining STPP

with suitable and controlled quality parameters, higher

concentration and reduced energy consumption.

The conducted research reveals that the bulk density of

STPP can be increased by addition of water or sodium

orthophosphate solution to a semi-finished product from

spray drying before calcining. Such an operation results in

partial dissolving of dried sodium phosphate and hydration

of phosphates salts, and in effect the charge for calcining

has different physicochemical characteristic, which doubles

the bulk density of the product after calcining
10–12

.

EXPERIMENTAL SECTION

The presented research series comprised the process of

increasing bulk density by rubbing the mixture of solid

sodium phosphates (SP), used also at our earlier investi-

gations
10–12

, with the solution of liquid sodium

orthophosphates (LOP), both of which were semi-prod-

ucts from the technological plant of  obtaining STPP.  The

P
2
O

5
 content of the used semi-products was respectively:

27.35% at concentrated liquid sodium orthophosphates

and 51.16% at solid sodium phosphates. 15–30 g of LOP

solution were added with the constant velocity 800 μl/s to

100 g of SP while rubbing the components for the con-

stant time 120 s in a laboratory mortar.  The  LOP solu-

tion with the concentration of 13.36% P
2
O

5
 was prepared

by dilution of the concentrated liquid sodium

orthophosphates with water in the 1:1 mass ratio and

added in the two temperatures of 30°C and 80°C. The

obtained mixtures with a variable content of the LOP

solution (Table 1) were then calcined in a laboratory

chamber kiln at a temperature of 350°C and 550°C for 1 h.

The phase composition of the SP, mixtures, as well as

products was identified with the X-ray diffraction method

(Philips X'Pert diffractometer), the thermal process course

was observed during the thermal analysis (2960 Simulta-

neous DTA-DTG TA Instruments). Both the sieve analy-

sis and bulk density analysis of the SP and products were

carried out according to a standard method
14, 15

. The bulk

density analysis was marked for constant specified grain

composition: 10% fraction above 1.00 mm; 20% fraction

between 0.85–1.00 mm;  5% – 0.60–0.85 mm; 58% –

0.25–0.60 mm and 7%  fraction lower than 0.25 mm
16

.
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In the mixtures before calcining the moisture content was

additionally analyzed (moisture analyzer HG63 Mettler

Toledo)
13

.

RESULTS

The SP is characterized by low bulk density of

0.423 kg/dm
3
 on average and its  basic crystalline phase,

shown in Figure 1, is double salt of sodium dihydrogen

phosphate and disodium hydrogen phosphate accompa-

nied by disodium hydrogen phosphate, tetrasodium

pyrophosphates and form II of sodium tripolyphosphate

(which may appear because of the local preheating of the

mixture during spray drying). The addition of the LOP

solution to the SP results in double salt decomposition

and hydration of  disodium hydrogen phosphate. At the

highest liquid to solid mass ratio 0.30 trisodium phos-

phate also appears in the mixtures before calcining (Table 1).

The thermal process course of the SP (Figure 2) and the

mixture with the addition of 15 g and 30 g of the LOP

solution (Figures 3 and 4, respectively) indicates that the

phase transformation was similar. At temperatures up to

90°C moisture was eliminated and  decomposition of

Na
2
HPO

4
·7H

2
O took place. Up to 140°C the chemically

bound water is removed. The range of 190–295°C indi-

cates the condensation of orthophosphate forms into

pyrophosphates and the beginning of the STPP formation.

At a temperature higher than 450°C a low-temperature

form II of STPP transforms into a high-temperature form I.

As a result of calcining all the mixtures at a temperature

of 350°C, the low-temperature form II of STPP was re-

ceived as the main phase. The calcining product was ac-

companied only by sodium pyrophosphate in the case of

mixtures with liquid to solid mass ratio 0.15–0.20 and

additionally sodium dihydrogen phosphate and tetrasodium

pyrophosphates in the case of  mixtures with liquid to

solid mass ratio 0.25–0.30. STPP in form I was obtained at

550°C independently of the liquid phase content (Figure1).

The sieve analysis of the SP indicates that the dominant

fraction (51.96%) was of 0.25–0.6 mm. There were 23.68%

Table 1. The characteristic of the mixtures before calcining

Figure 1. XRD patterns of solid sodium phosphates (SP) and mixture 5 before calcining and after calcining at 550oC.
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grains above 1.00 mm and 13.82% grains between 0.6–

0.85 mm. The grained fraction smaller than 0.25 mm and

the fraction between 0.85–1.00 mm had the lowest share,

amounting to 5.67% and 4.87%, respectively. The mate-

rial is even-grained, the different granularity coefficient is

on average 2.27, and the grains equivalent diameter 0.55 mm.

Calcining the SP at a temperature of 350°C results in de-

Figure 3. Thermal analysis of the mixture of  dried sodium phosphates (SP) and the solution of liquid sodium orthophosphates
(LOP) at the mass ratio 0.15 [g/g] – mixture 5

Figure 2. Thermal analysis of the dried sodium phosphates (SP)

creasing the quantity of the following fractions: above

1.00 mm, 0.85–1.00 mm and 0.25–0.6 mm, and increas-

ing the quantity of the grains between 0.6–0.85 and those

smaller than 0.25 mm. The different granularity coeffi-

cient is on average 2.30 and the grains equivalent diam-

eter 0.32 mm. A higher SP calcining temperature (550°C)

increases only the fine-grain fraction up to 16.21%. The
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Figure 4. Thermal analysis of the mixture of  dried sodium phosphates (SP) and the solution of liquid sodium orthophosphates
(LOP) at the mass ratio 0.30 [g/g] – mixture 8

different granularity coefficient rises to 3.82 and the grains

equivalent diameter to 0.47 mm on average. The addition

of the LOP solution changes the physicochemical proper-

ties of the dried sodium phosphate before calcining. With

the added amount of the LOP solution, mixtures consist-

ency changes its form from a loose material to paste. As

a consequence, the product received after calcining of the

mixtures 1–8 was of different grains. An average different

granularity coefficient increased from 6.32 (mixtures 1

and 5 with the lowest addition of the LOP solution) to

11.39 (mixtures 4 and 8). The changes in grain size dis-

tribution observed in the calcining products are character-

ized by cumulative minus mesh curves (Figure 5) and

plus mesh curves for the mixtures with the highest bulk

density (Figure 6) .

The bulk density of the calcining products strongly

depends upon the amounts of  the LOP solution added to

the prepared mixtures. Moreover, the LOP solution tem-

perature and the calcining temperature of mixtures also

influence the bulk density of STPP products (Figures 7

and 8). With the increase in the liquid to solid phase mass

ratio from 0.15 to 0.30 the bulk density of the products

rises from 31% to 92% in comparison to the SP. Lesser

influence is noticed for the temperature of the LOP solu-

tion added to mixtures before calcining. With dosing 15 g

of the solution at a temperature of 80°C, the bulk density

of STPP obtained after calcining at 550°C is 10% higher

than in the case of using  the same solution at a tempera-

ture of 30°C. A higher calcining temperature of mixtures

Figure 5. The curves of minus mesh of a STPP products
after calcining mixtures 1 to 4 at temperature 550°C
in comparison to SP

Figure 6. The curves of plus mesh of a STPP products with
the highest bulk density in comparison to SP
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increases the bulk density of the obtained STPP only by

up to 13% in the case of mass ratio 0.20 and the solution

temperature 80°C.

The highest increase in bulk density was noticed for a

mixture prepared by rubbing 100 g of the SP with 30 g of

the LOP solution dosed at a temperature of 80°C and

calcined at 550°C. The obtained form I of STPP reached

the bulk density of 0.811 kg/dm
3
.

CONCLUSION

It was found that there is a possibility of increasing the

bulk density of the STPP by the chemical method. In the

introduced method the solid sodium phosphate from spray

drying and sodium orthophosphate solution, after acid

neutralization, can be rubbed together at a proper mass

ratio. Such an operation changes the physicochemical

properties of the dried sodium phosphate before calcin-

ing, which results in increasing the bulk density of STPP

to over 0.80 kg/dm
3
.

The bulk density of the calcining products strongly

depends upon the amounts of  the liquid orthophosphates

solution added to the prepared mixtures. The bulk density

of the products rises 92% in comparison to the SP when

the 0.30 liquid to solid phase mass ratio was applied.

Other analysed parameters like temperature of dosed

sodium orthophosphate solution and calcining tempera-

ture of mixtures have lesser influence on bulk density of

the obtained STPP.

This method allows producing the granular STPP phase I

with the bulk density 0.811 kg/dm
3
 when 100 g of the SP

is rubbed with 30 g of the LOP solution dosed at a tem-

perature of 80°C and than calcined at 550°C. The process

parameters optimisation is an object of  our further re-

search.
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Figure 7. The influence of the  mass ratio of the LOP solution to SP and the solution temperature on bulk density of  STPP
obtained after calcining at : a). 350°C,  b). 550°C

Figure 8. The influence of the  mass ratio of the LOP so-
lution to SP and the calcining temperature on
bulk density of the obtained STPP when the LOP
solution was dose at temperature : a). 30°C,  b).
80°C



Pol. J. Chem. Tech., Vol. 13, No. 2, 2011 45

LITERATURE CITED

1. Broze, G., (1999). Handbook of Detergents, Part A:

Properties, CRC Press.

2. CEEP (2007, July). Function of phosphates in deter-

gents. Retrieved July 14, 2008, from http://www.ceep-

phosphates.org.

3. Kowalski, Z., Kijkowska R., Paw³owska-Koziñska, D.

& Wzorek, Z. (2002). Sodium tripolyphosphate and oth-

ers condensed sodium phosphates production methods.

Pol. J. Chem. Tech. 4(3), 27–33.

4. CEEP (2008, July). Press releases concerning phos-

phates and detergents was performance. Retrieved July

14, 2008, from http://www.ceep-phosphates.org.

5. Kijkowska, R., Kowalski, Z., Paw³owska-Koziñska, D.,

Wzorek, Z., & Gorazda, K. (2008). Tripolyphosphate made

from Wet-process Phosphoric Acid with the use of a ro-

tary kiln. Ind. Eng. Chem. Res. 47, 6821–6827. DOI:

10.1021/ie800412q

6. Dyer, J.N., Post, L.B. & Rosen, H.J. (1972). US

Patent No. 3,650,685.  Washington, D.C.: U.S. Patent and

Trademark Office.

7. Hensler, P.L., Church, D.F. & Beger, R.W. (1981). US

Patent No. 4,255,274. Washington, D.C.: U.S. Patent and

Trademark Office.

8. Pals, R. (1979). US Patent No. 4,134,963. Washing-

ton, D.C.: U.S. Patent and Trademark Office.

9. Zorska, E., Cholewa, J., Gadomski, Z. & Olech, M.

(2007). Polish Patent No. 196166B1. Polish Patent Of-

fice, (in Polish).

10. Banach, M., Kowalski, Z,. Wzorek, Z. & Gorazda, K.

(2009). A chemical method of the production of "heavy"

sodium tripolyphosphate with the high content of Form I

or Form II. Pol. J. Chem. Tech. 11(2), 13/20. DOI: 10.2478/

v10026-009-0018-x.

11. Banach, M., Wzorek, Z. & Gorazda, K. (2009).

Production of medium bulk density sodium

tripolyphosphate by chemical method. Przem. Chem.

88(4), 370–374, (in Polish).

12. Banach, M., Kowalski, Z., Wzorek, Z. & Gorazda, K.

(2009). High bulk density sodium tripolyphosphate pro-

duced by chemical method. Przem. Chem. 88(11), 1236–

1239, (in Polish).

13. Polish Committee of Standardization. (1993). Polish

Standard: Methods of phosphoric salt examination: Deter-

mination of water content, gravimetric method. PN-93/C-

84300/22, (in Polish).

14. Polish Committee of Standardization. (1993). Polish

Standard: Methods of phosphoric salt examination: Size

analysis with the use of  mechanical method. PN-93/C-

84300/27, (in Polish).

15. Polish Committee of Standardization. (1980). Polish

Standard: Bulk density determination. PN-80/C-04532,

(in Polish).

16. Procter& Gamble. Manufacturing Standards-Euro-

pean Operations (1998). Raw material specification.

Granular sodium Tripoliphosphate, high bulk density.

10072234.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL (Ustawienia Adobe Distillera dla Acrobata 7)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


