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BUILDER COMPOSITION DEVELOPMENT
FOR LOW-PHOSPHATIC DETERGENTS

The effect of a content of sodium metasilicate, water glass, and the “matrix” / sodium carbonate
mass ration in composition of builder on hygroscopicity, surface activity and detergency of the low-
phosphatic detergents are investigated. In order to optimize the composition of the builder 3 factorial
experiment based on close to D-optimal plan Kono has been used. The optimal values of the investigat-
ed factors for each criterion optimization are determined, equations of private utility functions are ob-
tained and values of the generalized optimization criterion in each row of the experimental design are
calculated. As a result, the second-degree polynomial as the dependence of the generalized criterion op-
timization on three variables — the content of sodium metasilicate (x;), water glass (x,) and the mass ra-
tio of the “matrix” / carbonate solution (x;) the following type W = 0.7367 + 0.0798x; — 0.1310x, —
— 0.3410x3 — 0.0015x,x; + 0.002 Lx;x3 + 0.0050x2x3 — 0.0009x,” + 0.0096x,° + 0.0110x5” is derived. It is
shown that the optimum value of hygroscopic point, detergency and surface activity is achieved at two
different compositions of the builder. Based on the totality of the data, the optimal composition of the
builder comprising 4 wt % of water glass, 4 wt % of sodium metasilicate, and the resulting mass ratio
“matrix” / sodium carbonate equal to 43.60 is offered.
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Introduction. Detergents (SD) are a complex
mixture consisting of a number of components
(at least 10—15), each of them has a certain func-
tion during the washing. Detergents manufactured
in the Republic of Belarus and countries of former
USSR have low competitiveness because of the
traditional character of their formula (high content
of phosphates, expensive foreign ingredients — tri-
lone B, citrates, zeolites etc.) and ways of produc-
tion not providing a proper quality, in particular,
according to granulometric composition, caking,
packed density, dusting and other (obtaining by
mechanic intermixture) or energy-consuming (ob-
taining by spray drying).

At the department of inorganic materials technol-
ogy and genereal chemical technology there are stud-
ies carried out for several years aimed at the devel-
opment of low phosphates and phosphates free salt
compositions and ways of their obtaining. Rational
utilization of secondary raw materials (salt mixture)
forming at OJSC “BMP” (Zhlobin) as a result of
evaporation of the solution obtained by desalting of
waste water by reverse osmosis method as compara-
tively cheap sourse of sulphate and sodium chloride
is indicated in this article [1]. It has been also pointed
out [2, 3], that during water solutions spraying of pro-
ton-containing reagents onto the surface of neutraliz-
ing substances powder products are formed with hu-
midity not higher than 8-9 wt % that include deriva-
tives of proton-containing reagents (of salt) and car-
bonate-containing compounds, in particular, sodium
sesquicarbonate. Obtained products are attractive as
a base for production of multicomponent builders
for powder detergents.

The aim of this article is the development of
optinal composition of multicomponent builders
for low phosphate detergents obtaining on the base
of proton-containing reagent (ortho-phosphoric
acid), sodium carbonate and salt mixture forming
at OJSC “BMP”.

Main part. Thermal ortho-phosphoric acid,
sodium carbonate, sodium hydrocarbonate, salt
mixture, liquid glass (wt %: Na,O — 11.7; SiO, —
33.8), carbamide and technical sodium metasilicate
have been taken as initial reagents. In accordance
with technical analysis salt mixture includes, wt %:
Na,SO; — 55.0; NaCl — 38.2; Na,CO; — 0.6;
unsolved sediment — 0.5; free water — 5.7. Salt
composition was obtained in high speed blender
with power of 700 Vt in two stages: obtaining of
«matrix» by mixing of wet salt mixture with sodi-
um carbonate and sodium hydrocarbonate at mole
ratio of HyO:NaHCO;:Na,CO;, providing fixation
of free water into crystallohydrated and equal
0.75:1.0:0.5 [1]; introduction of sodium metasili-
cate into “matrix” and additional amount of sodi-
um carbanate and spraying on the forming mixture
of ortho-phosphoric acid solution, containing car-
bamide at mole ratio of Na,CO3/H;PO4 = 6.0 and
H,0/Na,CO; = 4.0 [4]. Phase composition of of
salt composition has been determined with the
help of X-ray phase analysis by diffractometer
“Bruker” AXS (Germany).

Detergent on the base of the obtained builder
has been prepared by means of introduction of
NaCMC into it, optical brightener, enzymes, fra-
grance and spraying of diluted liquid glass and sur-
face-active agent. Detergency of the tested samples
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of detergents has been determined in accordance
with NSS 22567.15-95, hydroscopic point —
by desiccant method, surface activity has been
calculated in accordance with the date on sur-
face tension, determined by stalagmometric
method [5].

For optimization of builder composition
three-factor experiment based on the plan close
to D-optimal Kono has been used [6, 7]. Inde-
pendent variables were x; — mass ratio “ma-
trix”/sodium carbonate; x, — mass fraction of lig-
uid glass in relation to the whole mixture; x; —
mass fraction of sodium metasilicate in relation
to the whole mixture. Table 1 presents levels of
factor variation in coded and natural expressing.
At the moment of calculation of optimal variable
values Y; — hygroscopic point, %; Y, — surface
activity, mJ - M %; Y3 — detergency, % were the
criterias of optimization. Planning matrix based
on 14 experiments has been developed. Accord-

ing to this matrix, the samples of builders and
detergents on their base have been developed
(Table 2).

After computer processing of experimental
data in electronic tables of Microsoft Excel,
maths models describing Y, Y,, Y5 dependence
out of their composition, have been obtained:

Y1 =68.19 + 0.68)61 + 0.17)62* 0.9)(,'3* 0.16)61)(?2 +
+0.28x1x3 + 0.5x503— 0.3x;>+ 0.53x,° — 1.03x57%;

Yo = 170.45 — 11.24x,— 2.99x,— 0.26x; —
—3.07x1x2 + 2.45x 13— 5.3x203— 20.05x,> —
—0.55x,>+ 37.63x57;

Y;=162.08 — 3.42x, — 7.06x,— 8.99x; —
—3.95x,x; + 14.17x123 + 3.03xx3 — 42.79x,> +
+21.86x,% — 1.64x3%.

Negative coefficients point out that increase
of value of corresponding factor decreases the
value of controlling parameter.

Table 1

Levels of factor variation

Levels of factor variation

of factor[rjr?é;ssurement X1 — mass ratio X, — content of liquid glass, x3— content of sodium
“matrix”/Na,COj3 wt % metasilicate, wt %

Coded units -1 0 +1 -1 0 +1 -1 0 +1

Physical units 60:30 | 60:45 | 60:60 4 8 12 4 8 12

Table 2
Experiment planning
Factors Optimization criteria
Number Mass ratio Content, wt % . .
of sample | “maix”sodium car- | of sodm | 1ygroseopic | Surface acty. | Detergency,
bonate of liquid glass metasilicate potm, 7 e ’

1 60 :30 4 68.1 191.0 163.0
2 60 : 60 4 69.1 182.5 150.5
3 60 :30 12 4 67.5 214.5 165.5
4 60 : 60 12 4 68.4 163.0 115.0
5 60 : 30 12 65.1 203.0 125.0
6 60 : 60 12 67.5 180.0 142.4
7 60 :30 12 12 66.3 180.0 122.8
8 60 : 60 12 12 68.0 165.0 161.3
9 60 : 60 12 66.7 183.0 109.3
10 60 : 45 12 12 67.9 204.0 149.2
11 60 : 30 12 64.8 203.0 93.3
12 60 : 45 4 12 65.1 221.0 182.7
13 60 : 60 12 8 68.6 143.0 112.0
14 60 : 45 8 8 68.7 160.0 176.8
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Comparative analysis of the obtained regression
equations shows that hygroscopic point, surface ac-
tivity and detergency of the detergents dubiously
change depending on their composition. Optimal val-
ues of physico-technical properties have samples
of different compositions: detergent composing of
x1 =+1, x;=—1, x;3 =—1 is characterized by a max-
imum hygroscopic moisture; detergents composing
of x; =0, x;=—1, x3 = +1 are characterized by sur-
face-active and detergent properties.

It was necessary to find a compromise. So, the
task is to find such values of mass ratio of “ma-
trix”’/sodium carbonate, sodium carbonate content,
liquid glass and sodium metasilicate, at which the
best combination of properties Y}, ¥> u Y3 can be
reached.

To determine optimal values of the testing fac-
tors for each criterion of optimization equations of
ratio utility (d;) have been obtained and values of
generalized criterion of optimization (#;) have been
calculated according to the following formula:

—ebo+hivi)

d,=e ;
W, = (dlidZid3i)l/3 >

where by and b, — coefficients, determining by the
curves W; = fiy;) [6]. According to the data from
Table 3 coefficients of composite polynomial ap-
proximant have been established

W, =0.7367 + 0.0798x;— 0.1310x,— 0.3410x; —
- 0.0015x1x2+ 0.0021)&71X3 + 0.0050)C2X3 -
—0.0009x; + 0.0096x,> + 0.0110x;.

According to regression equation, response
surface has been built, which is presented in the

Figure. Saddle-shaped of response surface for W; at
fixed value of d; proves that optimal composition of
samples of salt compositions can be achieved at
least while dealing with two different compositions.
With the help of iteration method optimal factor
values at maximal values of generalized criterion of
optimization have been calculated. As a result the
optimal composition of the builder and ratio be-
tween reagents at obtaining of the builder: content
of sodium metasilicate — 4 wt %, liquid glass —
4 wt %, mass ratio of “matrix”/sodium carbonate
43.6 have been suggested. Detergent based on this
builder has hygroscopic point equals to 69%, sur-
face activity and detergency of 1% water solution —
201 mJ - m *and 200%, respectively.

Conclusion. Influence of the builder forming
as a result of mixing of sodium carbonate and so-
dium hydrocarbonate with salt mixture — secondary
raw material, forming at OJSC “BMP”, with the
solution of orthophosphoric acid, sodium metasili-
cate and liquid glass at obtaining of light phosphate
detergent (SD) on hygroscopic point, surface activ-
ity and detergency is studied.

With the help of maths method of experiment
planning dependence of physico-technical properties
data on the content of sodium metasilicate, liquid
glass and mass ratio of “matrix”’/sodium carbonate in
the form of regression equations is established.

According to the equations of ratio utility func-
tions values of generalized criterion of optimiza-
tion have been calculated and optimal builder has
been suggested; based on this builder the detergent
with detergency of 200%, hygroscopic point of
69% and surface activity of 1% solution equals to
201 mJ - m~ has been obtained.

Table 3
Plan of experiment with a view to generalized criterion of optimization
Values of ratio Values of generalized
0?2;?:;; Factors utility functions criterion of optimization
X;, “matrix”/sodium | Xo, wt % | X5, wt % | di(Y)) | do(Ya) | da(Y5) Wi
1 60 : 30 4 4 0.8819 | 0.7826 | 0.8799 0.8468
2 60 : 60 4 4 0.8009 | 0.6826 | 0.9500 0.8038
3 60 : 30 12 4 0.8939 | 0.9305 | 0.8058 0.8752
4 60 : 60 12 4 0.3275 | 0.3479 | 0.9093 0.4697
5 60 : 30 4 12 0.4925 | 0.8771 | 0.1137 0.3662
6 60 : 60 4 12 0.7255 | 0.6472 | 0.7991 0.7213
7 60 : 30 12 12 0.4572 | 0.6472 | 0.4974 0.5280
8 60 : 60 12 12 0.8730 | 0.3863 | 0.8700 0.6645
9 60 : 60 8 12 0.2354 | 0.6893 | 0.6081 0.4621
10 60 : 45 12 12 0.7902 | 0.8830 | 0.8623 0.8442
11 60 : 30 8 12 0.0500 | 0.8771 | 0.0500 0.1299
12 60 : 45 4 12 0.9500 | 0.9500 | 0.1232 0.4809
13 60 : 60 12 8 0.2782 | 0.0500 | 0.9246 0.2343
14 60 : 45 8 8 0.9351 | 0.2910 | 0.9286 0.6322
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w
1.0 1.0
0.8 0.8
0.6 0.6

content of liquid 0.0 = - - “content of liquid
30 36 42 -_/?4 glass, wt % 30 36 — ,4 glass, wt %
content of 8 54 60 content of 42 48 54
Na2CO3, wt % N32CO3, wt % 60

H0.8-1.0 ®0.6-0.8 ®0.4-0.6 0.2-0.4 ®0.0-0.2

a b

Surface response for generalized criterion of optimization W; at content of sodium metasilicate:
a—-8wt%;b—12wt%
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