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Abstract

The determination of the cleaning performance of
detergents containing 32%, 48% and 64% sodiuin tripo-
lyphosphate (STPP) is described. The tests were carried out
jointly with Ofitario Research Foundation in 1970. The
cleaning was measured under different conditions of détér-
gent usage and water hardness. Artificially and naturally
soiled fabrics were washied in a domestic washing machine.

It was found that phosphate level is critical below a
mole ratio SfPP CaCO3 of 0.3: 1 but that ab‘m’ie this ratio

sugmflcant an effect on cleaning performance

Résumé

Ce rapport décrit la détermination de la capacité de
nettoyage dés détergents contenant 32%, 48% et 64% de
tripolyphasphate de sodium (STPP). Lors des essais qui onit
été entrepris en 1970 conjointement avec la Fondation de
Recherche de I'Ontario, la capacité de nettoyage a été
mesurée pour différents détergents sous des conditiois aussi
différentes d'usage et de dureté de I‘eau. Des tissus,
artificiellement et naturellement souillés ont &té lavés a la
machine. Le résultat fut que le taux de phosphate semble
critique au-dessous d’un rapport molaire STPP: CaCOj; de
0.3:1. Cependant dépassé ce taux, les autres: ingrédients
faisant partie de la composition du détergent possédent un
effet important sur la capacité de nettoyage.




The Effect of Detergent Phosphate Levels
on the Cleaning Process

P. D. Goulden

INTRODUCTION

Concern for the eutrophication caused by nutrients
entering the receiving waters has resulted in a restriction on
the Ievel of ph’osph’o‘rus in detergents in Canada. While there
eutrqphlcatlon there is no clear plcture in the I|terature of
the effect of phosphate level on the performance of
detergents. The “classical” hypothesis on the use of sodium
tripolyphosphate (STPP) and other detergent builders is
that .they are required to sequester the water hardness
cations on at least a mole to mole basis (Pollard, 1966).

~ However, after‘ studying the data on the performance of
detergents, e.g., the evaluation reported in Canadian Con-
sumer (Anon, 19’69) |t is clear that an “acceptable”

mole ratio of STPP to water hardness.

This report describes a pilot study made in '1'9'70 of the
mance of a laundry defergent leferent conditions of water
hardness and detergent usage were maintained.

Procedures for evaluating cleaning performance in the
laboratory have been described in the literature (Rutrowski,
1967). It is known that the detergents industry uses these
procedures for preliminary screening only, and that it
considers results obtained by using very sophisticated
technigues and naturally soiled fabrics as the only signifi-
cant data. However, the use of théese techniques requires
large resources in equipmenit and people. Consequently, the
testing laboratories and the Consumer Association take a
cofiprofise position, i.e., to wash artificially soiled fabrics
in a domestic washing machine under various conditions
(Anon,, 1969).

For the tests described in this report different artificial-
ly- and naturally-soiled fabrics were used. All were washed
in a domestic washing machine. The tests were designed to:
(a) cover a ratio of STPP to hardness fanging from 0.2:1 to
2.8:1 on a molar basis; (b) apply a “normal” range of a
détergent’s usage and formulation; (c) provide an assess-

ment of the effect of phosphate level; (d) determine the
precision of such tests.

All the experimerits were designed in joint discussion
with Water Quality Division (W.Q.D.) and Ontario Research
Foundation (O.R.F.) personnel. The preparation of the
detergent formulations.and the analysis of the data was
carried out in the laboratories of W.Q.D. The procurement
of the fabrics, the washing, and the measurements were
carried out by O.R.F.

_ EXPERIMENTAL
Materials

fa) Fabrics - the following fabrics were used in the tests:

Fabric 1. All cotton fabric EMPA 112. They were soiled
with cocoa-sweetened milk rrixture which rep-
resents a type of pigment-fat soil that often
occurs on table linen.

Fabric 2. Polyester/cotton (65/35) fabric with durable-
press finish, Soil Cloth No. 26 (specification
51547 U.S. Bureau of Ships); soiled with a
mixture containing ethyl cellulosé, lampblack;
hydrogenated végetable oil, mineral oil, corn
starch, oleic acid.

Fabric 3. Spun, nylon fabric soiled wuth same mixture as
fabric 2.

Fabric 4. Spun, acrylic fabric soiled with the same mixture
as fabric 2, .
Fabric 5. Spun, polyester fabric soiled with the same
' mixture as fabric 2.

Fabric 6. Naturally-soiled polyester/cotton pillowcases.
These were obtained by subjecting new pillow-
cases to a sufficient period of actual use to
produce a well-soiled condition. (Through the
courtesy of ‘the hospital personnel, the pillow-
cases were placed in continuous service for a
period of three weeks at the Lakeshore Psy-
chiatric Hospital.)




{b) Detergents

“OMO”, a detergent made by Lever Brothers, was
purchased in a local grocery store. Portions of “OMO"’ were
weighed into plastic bags. Into each of the plastic bags was

weighed a combination of sodium sulphate and sodium

tripolyphosphate to yield three sets of mixed detérgents
containing 32%, 48%, and 64%, respectively, sodium
tripolyphosphate by weight. In each of these three sets of
detergents, the levels of the ingredients other than the
sodium sulphate — sodium tripolyphosphate, e.g., surfac-
tant, silicate, suds boosters, optical brightness, etc., were
the same. The surfactant level in the mixed detergents was
approximmately 13%. Three sets of mixed detergent bags
were prepared, each containing 50-g, 100-g, and 150g
produét to correspond to a domestic usage of 1/2, 1 and
11/, cups, respectively. {In the washing test, the contents
of one bag colld be added to the washing machine to give
the desired formulation and usage.)

fc) Water

The local water supply had a hardness of approximately
9.9 grains per imperial gallon (equivalent to 141 ppm
CaCO;). To obtain the water of 7 grain hardness, the local
water was diluted with distilled water; to obtain water of

Table 1. Percentage reflectance improvement of the five artificially-soiled fabrics.

11 and 15 grain hardness, calcium chloride and magnesium
sulphate in the ratio of 3:1 expressed as CaCO; equivalent
were added to the water. (The 3:1 ratio is.very ¢lose to the
ratio of calcium to magnesium hardness in the local water.)

Equipment

All washings were carried out in ““Kenmore” Model-600
machine. This washer had a water capacity of approxi-
mately 14 imperial gallons. The reflectance readings were
made on a Zeiss Elropho Photometer.

Procedure
{a) Sample Preparation

To a piece of carrier fabric — undyed cotton broad-
cloth, 30 in x 30 in — were stapled 4 in x 4 in swatches of
five artificially-soiled fabrics and one 4 if x 4 in swatch of
the naturally soiled fabric. In addition, two 4 in x 4 in
pieces of undyed cotton/polyester fabrics were attached for
determination of soil redeposition. For éach of the test
conditions, (3 water hardness x 3 phosphate contents x 3
detergent usages) four replicate determinations were fade,
One of the control, undyed swatches was removed after the
first replicate and attached to the specimens in the

Average

Product Water Percentage reflectance improvement of fabric Cotrected
Treatment usage hardness five reflectance
No. g/load gr/gal STPP 1 2 3 4 5 fabrics improvement

1 50 15 32 5.1 144 15.1 17.1 13.3 13.0 12.9
2 48 7.4 21.1 18.7 29.6 26.1 20.6 20.6
3 64 9.1 24.7 17.7 275 21.2 21.2 221
4 11 32 8.0 20.5 28.2 24.1 23.6 20.9 20.6
5 48 114 239 25.1 36.1 23.0 239 24.1
6 64 13.7 20.2 18.1 29.2 216 20.9 21.6
7 7 32 10.3 31.6 21.9 28.7 26.5 23.8 246
8 48 13.4 22.6 27.4 27.5 21.2 22.4 22.8
9 64 19.5 14.8 32.1 29.1 9.1 20.9 21.4
10 100 15 32 12.6 249 319 27.2 25.7 24.5 24.8
11 48 13.3 22.7 42.4 28.1 13.9 24.1 23.6
12 64 16.3 20.6 43.2 27.8 19.8 25.5 25.1
13 11 32 12.4 248 41.6 31.8 24.1 26.9 26.3
14 48 17.1 19.4 42.8 36.9 15.2 26.3 25.8
15 64 19.0 23.2 449 29.6 18.5 27.0 27.1
16 7 32 129 23.7 40.9 29.2 20.4 25.4 25.1
17 48 17.2 21.7 42.5 30.0 17.8 26.3 258
18 64 179 20.7 45.1 32.6 17.5 26.8 27.1
19 150 15 32 13.8 24.6 45.5 27.0 24.7 27.1 26.8
20 48 17.1 23.6 43.3 29.2 22.0 27.(_) 27.1
21 64 16.2 242 459 28.2 23.8 27.7 276
22 11 32 16.7 23.0 449 35.3 24.3 28.8 -28.5

23 48 15.7 20.7 44.5 32.4 221 27.1 26.6
24 64 15.3 24.2 44.8 27.8 18.5 26.1 27.1
25 7 32 16.9 24.2 41.1 29.0 23.0 26.8 27.1
26 48 16.5 26.7 45.3 31.2 229 28.5° 28.3

27 64 17.7 248 47.3 35.6 24.5 30.0 29.8
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Table 2. Percentage reflectance readings of artificially-soiled fabiics after wash.

Initial percentage reflectance — Fabric1  36.8
— Fabric2 19.7

—Fabric3 19.3
— Fabric4 27.0
— Fabric5 19.1
. Fabric Usage STPP Percentage reflectance readings, water hardness (grains CaCOj; per gallon)
" No.  gload % - 1 11 15
i 1 50 32 48.3 415 45.7 47.0 50.1 43.7 42.3 43.2 419 40.0 432 42.4
{ 48 492 506 506 503 | 49.1 454 498 484 | 436 444 444 444
d 64 559 57.2 56.7 55.4 47.0 50.9 52.0 522 45.8 46.7 455 45.9
100 32 48.5 49.5 49.2 515 52.5 48.2 46.9 49.3 50.4 48.5 50.8 47.8
48 52.7 55.9 54.8 52.7 52.3 57.1 54.0 52.3 48.1 524 46.8 53.2
64 54.5 55.8 55.0 53.4 539 55.2 56.0 58.2 52.7 540 52.9 52.8
150 32 533 55.0 51.9 54.9 52.8 53.4 54.4 53.7 521 49.1 51.4 59.7
48 553 54.1 51.4 525 51.8 50.8 534 54.0 | 54.3 57.4 52.8 51.2
64 54.0 545 544 55.4 484 55.7 52.7 53.8 53.1 51.7 527 54.6
2 50 32 554 52.1 47.8 499 | 39.6 41.6 38.7 40.9 35.6 32.5 36.6 319
48 443 388 42.8 432 43.3 44.7 47.0 39.5 39.8 41.2 39.8 42.6
64 33.8 34.7 36.0 33.7 37.2 379 425 420 | 439 443 453 440
100 32 42.1 43.2 445 440 48.3 459 39.5 44.3 47.6 48.6 38.6 43.8
48 425 43.0 409 39.3 424 36.1 40.9 37.2 45.7 41.0°  39.6 434
64 40.2 39.2 413 41.2 43.5 42.6 42.2 434 41.2 39.1 42.2 38.8
150 32 45.0 455 40.9 44.4 43.2 433 423 41.9 40.2 46.7 43.7 46.6
48 49.1 425 468 474 | 404 403 409 401 | 439 425 449 _420
64 41.6 46.2 43.6 46.6 45.0 474 40.4 429 419 434 447 45.8
3 50 32 32.8 50.6 43.8 377 549 45,2 42.0 47.8 38.8 27.5 - 4438 26.7
48 54.5 50.7 44.5 374 52.0 43.8 52.0 29.8 49.3 30.4 38.4 33.9
64 49.1 54.0 54.2 48.4 38.0 36.9 36.9 38.8 35.7 37.6 380 36.9
100 32 5§75 619 599 617 | 654 592 584 606 | 477 548 441 581
48 60.2 62.1 63.5 61.4 60.4 63.8 64.2 59.8 | 575 63.0 64.2 62.3
64 59.1 65.8 65.4 67.2 67.1 63.7 60.3 65.7 60.9 61.9 63.7 63.7
150 32 60.9 63.5 55.7 61.7 64.8 61.3 65.6 65.1 64.9 66.4 64.4 63.6
48 649 650  63.5 65.0 | 64.5 63.5 61.8  65.5 640 634 608 623
64 65.9 66.6 67.8 66.0 63.5 66.9 62.7 63.4 65.4 64.9 66.2 64.4
4 50 32 56.7 53.5 57.3 55.5 55.9 50.1 45.6 52.8 45.4 45.6 44,2 411
| 48 53.0 54.8 534 56.7 64.3 65.5 62.2 63.2 58.4 56.3 . 54.6 571
| 64 55.2 54.9 58.5 55.7 55.8 55.7 56.7 56.7 52.4 56.6 54.4 545
’ 100 32 55.8 56.1 56.3 56.8 60.6 584 517 58.6 575 55.6 50.0 539
48 59.3 59.3 56.2 53.2 64.1 63.9 654 624 54.4 549 55.0 56.2
’ 64 55.6 60.4 69.0 63.6 554 59.0 53.8 58.1 524 53.6 56.7 56.5
; _ 150 32 563 592 534 551 | 61,5 603 649 625 | 538 536 539 549
48 585 58.8  58.1 574 63.7 64.3 54.0 55.7 56.3 57.0 56.2 55.3
- 64 66.0 624 61.3 60.8 | 49.1 54.4 53.5 62.3 53.9 54.6 583 541
5 50 32 44.7 472 43.6 46.8 44.2 434 38.0 45.1 34.4 33.2 33.8 284
§ 48 45.0 39.5 39.6 37.3 41.5 429 41.9 42.0 44.7 46.8 439 45.4
X 64 293 26.4 29.3 27.8 38.0° 419 429 40.1 446 46.8 47.4 46.6
: 100 32 .| 349 39.6 423 41.1 479 428 39.0 43.1 49.3 . 449 39.4 45.8
f 48 472 40.7 31.3 284 28.9 36.3 28.9 43.0 29.2 37.6 34.1 31.2
64 36.1 40.2 36.6 335 344 40.6 326 427 39.3 353 389 422
150 32 384 442 44.9 41.1 46.7 39.8 47.4 39.7 41.7 50.8 422 40.4
48 41.7 43.0 39.0 444 39.7 40.2 39.9 44.8 37.5 39.9 50.0 37.0
64 46.7 38.6 45.3 440 | 344 406 32.6 42.7 46.4 39.4 439 421
subsequent washes in order to obtain the cumulative effect wash was carried out using water of 140°F and at the
of sail redeposition in four washes. “regular” cycle, i.e., agitation at a speed of 70 cycles per
minute with the detergent solution for 14 minutes followed
(b) Washing Procedure by a combined rinse and spin, then a final rinse and spin,
- : : Local water of about 9.9 grain hardness was used for the
The carrier cloth was placed in the machine with rinse in all treatments. The swatches were ironed dry for
sufficient undyed cotton. fabric to make a 6 Ib load. The the reflectance measurements,




{c) Measurement of Cleaning

Reflectance readings were made on the original soiled
and on the laundered swatches at four different locations
on each swatch. The readings were made by using the Zeiss
Elropho Photometer, with an incandescent light source and
a narrow band filter of 570 nm wave length. This
eliminated the effects due to optical brighteners.

RESULTS AND DISCUSSION

Cleaning

The reflectance readings of the five artificially-soiled
fabrics for each of the wash conditions are shown in Table
2. The results shown are the percentage reflectance
readings: these represent the amount of light of the chosen

wavelength ba’n'dv reflected from the fabric, expressed as a

- percentage of the amount of light reflected fiom a standard

magnesium-oxide block, under the same conditions of
illumination. Hence the soiled fabric has a low reflectance

reading. The reflectarice reading increased as the fabric is

washed. A measure of cleaning is the difference between
the percentage reflectance before and after washing. This
difference is desighated as the percentage reflectance
improvement. The results giving percentage réflectance
improvement for the 5 artificially-soiled fabrics are shown
in Table 1. Each value represents the average result of the
four replicate washes.

Confidence Limits

From the results shown in Table 2 and Table 1 it is
clear that there are large differences in the percentage

% REFLECTANCE IMPROVEMENT
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Figure 1. Percentage reflectance improvement of the twenty-seven treatments.
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reflectance improvement between the different fabrics. The

. purpose of the tests was to obtain'a measure of the overall

cleaning for each comparison of water hardness, product
usage, and formulation. In order to be able to combine the
results for the different fabrics, the following statistical
treatment was given: the mean reflectance improvement for
each fabric under all conditions was calculated and the
téflectance improvement for each treatment of this fabric
was then converted to a fraction of the mean reflectance.
An analysis of variance was then carried out using these
fractions.

The results showed that the coefficient of variation for

~the determinations of the reflectance improvement in a

single. wash for a single fabric is 30%. Hence for the mean
reflectance improvément: represefiting the 5 fabrics, with 4
washes each, ‘the confidence interval or “yardstick” at90%
confidence level is 11.5% or 2.7 reflectance units. Essen-

tially, the same size yardstick was obtained by taking some
of the treatments in pairs and using the washing results on
the same fabrics as paired observations for the deterfiina-
tion of the standard error of the mean-difference. Analysis
of the data given in the Canadian Consumer evaluation
yields the same order of precision.

Using the calculations from the average reflectance
improvement for each fabric, the overall reflectance
improvement in each treatent was calculated. This
“corrected” reflectance improvement is shown in the last
column of Table 1 and is used in the following discussion.

Factors Affecting Cleaning

The reflectance improvement for each treatment is
shown in Figure 1 where the ratio of product usage to
water hardness increases from left to right. Refléctarice

% REFLECTANCE IMPROVEMENT
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Figure 2. Ratio STPP/CaCOj; vs. percentage reflectance improvement.




improvement versus the mole ratio of STPP to water
hardness is shown in Figure 2.

It is clear that at low phosphate level, low product
usage, and hard water there is a serious loss of performance;
but above a mole ratio of about 0.3:1, STPP:CaCO,
tripolyphosphate is no magic ingredient. There is as much
significant improvement in performance by increasing the
othér ingredients in the detergent as by increasing the
phosphate.

The study was designed so that there was an overlap of
phosphate levels between the three product usages, e.g.,

50-g product at 64% STPP gives equivalent STPP to 100g
product at 32% STPP

100-g product at 48% STPP gives equivalent STPP to 150g
product at 32% STPP

100-g product at 64% STPP gives equivalent STPP to 150g.
product at 47% STPP

% REFLECTANCE

Apart from the extreme conditions in treatment Ao, 1
(50g; i.e., !/; cup usage, 32% STPP, 11 grain water hardness)
it is seen from Figure 2 that, within one product usage,
phosphate level has very little effect on cleaning and that
there is no correlation between équal phosphate Use- at
different product usages, although as a generalization, it

.appears that more phosphate gives directionally better

performance. A manufacturer striving: for ultimate-cleaning

.performance in a product will probably use high phosphate

levels but reduction of the phosphate levels will not lead to
disastrous restilts except undér extrermeé conditions.

The percentage reflectance improvement by itself does
not have much meaning unless: it can be related to what a
user will see. It seems fairly well accepted that a difference
of two reflectance units (and possibly one in extreme cases)
can be detected by the human eye if the cloth is white and
clean (Anon., 1969). On dark cloth, a difference of three
units is scarcely noticeable to the eye. Hence the “yard-
stick” of the overall measurements of 2.7 reflectance units
which was obtained in the study is approximately ‘equiva
lent to the differences visible to the hufmian gye.

PHOSPHATE | HARDNESS
.| CONTENT. % }gr/GALLON

55 6 € 70 75 80 55
Li Li L LB T
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32

150 ) 100

DETERGENT CONCENTRATION, g/LOAD

Figure 3.

Cotton/Dacron naturally-soiled fabric: improvement in percentage reflectance after laundering of quadruplicate samples.




It shotild be noted that the 50-g usage corresponds to a
usage of about !/, cup of detergent having a density of 0.4
g cm 2, There are many detergents which have a lower
density, and some which have a higher density than this.
Obviously the density of the detergent partly determines
the usage when measurement is made on a volume basis.
‘The use of artificially-soiled clothes for the washing test
does not add to the wash water the hardness that is brought
into the wash on a load of naturally-soiled clothes. This is
believed to be equivalent to about 4 grain hardness in the
. wash water.

Soil Redeposition

Two actions can take place during detergency; soil
removal and soil redeposition. The détergent removes soil
from the cloth and, in the case of particulate material, it
must hold it in suspension in the water and prevent it from
redepositing on the cloth. The overall cleaning feasure-
merit is a measure of how well both or either of these
functions are carried out. To determine if redeposition is
taking place, clean clothes are used in the washing process
and their reflectance measiuréd beéfore and after. In the
present study the soil redeposition was measured in each
wash separately and for the accumulation of the four

replicate washes in each treatment. The results of these
measurements show that there was essentially no soil
redeposition in any of the treatments.

Naturally-Soiled Clothes

The naturally-soiled clothes had a variety of soil levels
before the wash. Because of this variability, mathematical
treatment of the results is very difficult. The results are
shown graphically in Figure 3 where the bottom of each bar
represents the reflectance before the wash and the top of
each bar represeénts the reflectance after the wash. The
results are in agreement with the results obtained by
washing the artificially-soiled fabrics.
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