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A chemical method of the production of "heavy" sodium tripolyphosphate
with the high content of Form I or Form II
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Sodium tripolyphosphate STPP is used in laundry detergent as a detergent ,,builder”. The paper presents the
chemical method of obtaining ,,heavy”, i.e. with higher bulk density granulated sodium tripolyphosphate. The
bulk density of sodium tripolyphosphate was increased by preparing a mixture of the dried sodium phos-
phates, the recycled subgrain of STPP and water in specific proportions and calcining this mixture for 1 hour
at 400°C and 550°C (to obtain a proper STPP form) in the chamber kiln. This method allows producing
the granular sodium tripolyphosphate with high bulk density (1.04 — 1.07 kg/dm®) and a high content of Form

I or Form II, respectively.
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INTRODUCTION

The annual consumption of phosphate containing deter-
gents in Europe amounts to about 1.8 million tonnes!.
The type of phosphate most commonly used is sodium
tripolyphosphate (STPP)?-4. STPP performs several use-
ful functions in the process of washing and cleaning®-7.
It:

— intensifies surfactants to wash effectively by the se-
questration of the ions of calcium and magnesium in hard
water and dirt,

— prevents the re-deposition of dirt on fabrics,

— buffers the pH of the washing solution and dissolves
and disperse dirt particles,

— hydrolyses greases and oils facilitating their removal,

— facilitates the dissolving and rinsing off detergents.

The other single builder, which performs the same func-
tions as sodium tripolyphosphate has never been found?.
The life cycle analysis confirms the smaller harmfulness
of sodium tripolyphosphate for the environment than in
the case of zeolite A (the often applied substitute of
STPP)’.

Compact powders are at 1/3 more concentrated than the
previous standard detergents!® 1. The modern compact
powders are an advantage for the environment because
they mark the lower consumption of raw materials and
the lower load of surfactants'® 13, The tablets are easy to
use, allowing avoiding the problem of spillage during the
use and prevent the usage of too much or too little of the
detergent!® 15,

Production of compact detergents requires the imple-
mentation of STPP with the specific bulk density, particle
size distribution, crystalline phase (Form I, Form II or
hexahydrate forms) and moisture contents!®”. The STPP
bulk density and particle size distribution influence the
bulk density, the granulation and the absorptivity of the
surfactants of the produced detergent. Moisture and the
content of the crystalline STPP have an influence on dis-
solving the detergents and the viscosity of the washing
solution. Form I hydrates quickly and may cause lumping
of the powders. The parameter deciding about the content
of Form I and Form II in the STPP product is its calcin-
ing temperature'6 - 18,

STPP obtained with the classic two-stage method has
the bulk density ~0.54 kg/dm?, because after spray-drying
sodium phosphates and STPP occur in the form of small
»empty shells”. Milling of the sodium tripolyphosphate is
the simplest way of increasing the bulk density to the level
of 0.85 kg/dm?, however the product is the fine-grained
powder.

In order to obtain the ,heavy” product, STPP powder
from the two-stage production method is compacted, after
adding some quantity of water, with the roll presses under
very high pressure, then milled and separated into grain
fraction on the sieve!®2°. The obtained hexahydrate so-
dium tripolyphosphate has the bulk density >1.03 kg/
dm?. STPP with the increased bulk density 0.95 — 1.03 kg/
dm? and suitable granulation can be also produced with
the use of one or two fluidized beds*" 2. Some methods
are used to produce sodium tripolyphosphate having
medium bulk density (about 0.87 kg/dm?)* 24,

EXPERIMENTAL

The proposed method allows obtaining the granulated
sodium tripolyphosphate with the desirable granulation,
high bulk density and the high content of Form I or Form
IT with a chemical method. To 100 g of sodium ortho- and
pyrophosphates mixture (the product of spray drying of
the sodium phosphates solution in one industrial unit) 42
g of water and next 100 g of STPP powder (<0.25 mm)
were added. The mixture was mixed for 15 minutes in the
laboratory mortar and calcined for 1h in the laboratory
chamber kiln. STPP with a high content of Form I was
obtained at the temperature of 550°C and with a high
content of Form II at 400°C. 178 g (Form I) and 182 g
(Form II) of the ,,heavy” sodium tripolyphosphate were
obtained, respectively.

The phase composition of the used material, the charges
and products were identified with the X-ray method using
Philips X'Pert diffractometer with the graphite
monochromator PW W 1752/00. The thermal analysis
was conducted with the 2960 Simultaneous DTA-DTG
TA Instruments. The sieve analysis was made for the
mixture of phosphates and for the milled STPP according
to standard?. The bulk density was marked according to
standard?® for individual grain fractions and the mixture
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Figure 1. The X-ray diffraction of the dried sodium phosphates
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Figure 2. The X-ray diffraction of the mixture of the dried sodium phosphates with water and the powder of the STPP Form I
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Figure 3. The X-ray diffraction of the mixture of the dried sodium phosphates with water and the powder of the STPP Form II
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Figure 4. The TGA-DTA analysis of the dried sodium phosphates
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Figure 5. The TGA-DTA analysis of the mixture of the dried sodium phosphates with water and the powder of the STPP Form I
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of these fractions, specified in?’ as: fraction above 1.00
mm — 10%, fraction between 0.85 to 1.00 mm - 20%,
0.60 to 0.85 mm - 5%, 0.25 to 0.60 mm - 58%?".

The grain size and the bulk density of the produced
»heavy” sodium tripolyphosphate were compared with the
sieve analysis and the bulk density of the reference sam-
ples, having lower bulk density. The low density of STPP
with a high content of Form I was produced in the calcin-
ing process of sodium phosphates mixture at 550°C within
1 hour. Form II was obtained during the same process but
at 400°C.

RESULTS AND DISCUSSION

The basic crystalline phase of the investigated materi-
als is the double salt NaH,PO,-Na,HPO,. The double
salt is accompanied by sodium orthophosphates
(Na,HPO,) and sodium pyrophosphates (Na,P,0-) (Fig-
ure 1). The hydrated salts Na;P;0,,6H,0,
Na,HPO,2H,0, and NaH,PO,, Na;P,O,,— Form I are
the effects of the addition of water and the recycling powder
of STPP Form I (Figure 2). Nas;P;0,,6H,0,
Na,HPO,2H,0 and Na;P;0,,— Form II appeared after
the addition of water and STPP Form II (Figure 3).

Thermal analysis indicated that phase changes were
comparable for all the three charges (Figures 4 — 6). The
differences occur at temperatures 70 — 140°C. Moisture
was removed at the temperature of 80°C. The chemically
bounded water was removed at 110 — 140°C. The
orthophosphates transformation into pyrophosphates was

took place at 190 — 230°C. Sodium tripolyphosphate Form
IT was formed near the temperature of 280°C. At >450°C
Form II quite quickly transformated into Form I. Figures
7 and 8 show the XRD analyses of STPP with high bulk
density. Form I was obtained at 550°C and Form II at
400°C.

Figures 9 — 13 show the results of the sieve analyses of
the sodium phosphates, the low bulk density STPP (Form
I and Form II) and high bulk density STPP (Form I and
Form II). The maximum value of the plus mesh (51.96%)
for the dried sodium phosphates was in the sieve of 0.25
mm (Figure 9). Most grains >0.25 mm appeared also in
the case of low bulk density STPP Form I - 51.94%
(Figure 10). Similar results were obtained for the low
bulk density STPP Form II — 56.44% >0.25 mm (Figure
11). The maximum value of the plus mesh for the high
bulk density STPP Form I (36.32%) and Form II (30.70%)
was <0.25 mm (Figures 12 and 13).

The curves minus mesh are similar for the dried sodium
phosphates and both forms of low bulk density STPP
(Figures 9 — 11). The low-density sodium tripolyphosphate
contains more of the fine-grained dust. The curves minus
mesh are different for the high density STPP (Figures 12
and 13). The high bulk density sodium tripolyphosphate
(Form I and Form II) has very continuous grain-size dis-
tribution. The mixture of the dried phosphates has the
highest quantity 94.33% of the fraction >0.25 mm. After
calcining the content of the granulated fraction decreased
to 83.79% for Form I and 82.27% for Form II. The
quantity of the fraction >0.25 mm in the samples pre-
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Figure 6. The TGA-DTA analysis of the mixture of the dried sodium phosphates with water and the powder of the STPP Form
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Figure 7. The X-ray diffraction of the high bulk density STPP Form I
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pared with the worked out method is 63.68% for Form I
and 69.30% for Form II.

The bulk density value of the sodium phosphates, the
low-density sodium tripolyphosphate and the high-density
STPP are shown in Table 1.

The bulk density of the classical granulated sodium
phosphates is about 0.42 kg/dm?. The fraction with the
highest bulk density (0.50 kg/dm?) is the fraction with the
grain size <0.25 mm. The granulated STPP has the bulk
density: 0.45 kg/dm?® for Form I and 0.46 kg/dm? for
Form II. Grain fraction 0.25 — 0.60 mm being in the
granulated product in the quantity 58%, has the bulk
density ~0.43 kg/dm? (for both forms of STPP). Fraction
<0.25 mm has the bulk density about 0.54 kg/dm?® for
Form I and 0.52 kg/dm® for Form II.

The worked out method of the granulated sodium
tripolyphosphate production increased the bulk density to
1.05 kg/dm?® (Form I) and to 1.07 kg/dm?® (Form II). The
fraction with the highest bulk density had the grain size

2 Theta
Figure 8. The X-ray diffraction of the high bulk density STPP Form II

between 0.25 — 0.60 mm (0.95 kg/dm?® Form I and 1.00
kg/dm? Form II).

CONCLUSIONS

The paper presents the worked out chemical method of
the production of the high bulk density sodium
tripolyphosphate (>1.04 kg/dm?). The product has the
high content of Form I or Form II. The fine-grained dust
is recovered into the process.

Sodium tripolyphosphate obtained by the calcining of
the spray dried sodium phosphates, has the form of ,,empty
shells”. This results in the profitable grain size distribu-
tion but in the low bulk density (about 0.45 kg/dm?). The
bulk density of sodium tripolyphosphate was increased by
means of preparing the mixture of the dried sodium phos-
phates, recycled STPP powder and water in specific pro-
portions and calcining this mixture for 1 hour at the tem-
perature of 400°C and 550°C (to obtain the proper STPP
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Figure 10. The curves plus mesh and minus mesh of the low
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Table 1. Result of the bulk density analysis
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Sample Grain fraction Bulk density of the fraction Bulk density of the granulated product
[mm] [kg/dm?] [kg/dm?]

Above 1.00 0.3413 + 0.0035
0.85-1.00 0.3553 + 0.0013

Dried sodium phosphates 0.60 -0.85 0.3307 + 0.0035 0.4227 + 0.0026
0.25-0.60 0.4053 + 0.0013
Below 0.25 0.5007 + 0.0035
Above 1.00 0.3247 + 0.0047
0.85-1.00 0.3383 £ 0.0017

STPP Form | with low bulk density 0.60 —0.85 0.3677 £ 0.0017 0.4467 + 0.0047
0.25-0.60 0.4327 + 0.0026
Below 0.25 0.5453 + 0.0035
Above 1.00 0.4004 + 0.0023
0.85-1.00 0.3393 + 0.0028

STPP Form Il with low bulk density 0.60-0.85 0.3768 + 0.0018 0.4650 + 0.0034
0.25-10.60 0.4300 + 0.0012
Below 0.25 0.5170 £ 0.0013
Above 1.00 0.8595 + 0.0032
0.85-1.00 0.8620 + 0.0030

STPP Form | with high bulk density 0.60 -0.85 0.8773 + 0.0034 1.0481 £ 0.0062
0.25-0.60 0.9497 + 0.0053
Below 0.25 0.9030 + 0.0057
Above 1.00 0.8930 + 0.0030
0.85-1.00 0.9007 + 0.0013

STPP Form Il with high bulk density 0.60 —0.85 0.9079 + 0.0018 1.0701 £ 0.0031
0.25-0.60 1.0029 £ 0.0040
Below 0.25 0.9897 + 0.0030
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Figure 13. The curves of plus and minus mesh of the high bulk
density STPP Form II

form) in the chamber kiln. This method allows producing
the granular sodium tripolyphosphate with the high bulk
density (1.04 — 1.07 kg/dm?) and a high content of Form
I or Form II, respectively.
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