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EVALUATION OF DETERGENT FORMULATIONS

1.0 INTRODUCTION AND SUMMARY

The purpose of this study was to compare the efficiency of different
detergent formulations from the standpoint of soil removing ability. A
standard detergent formulation based on Canadian Government Specification
Board (CGSB) specifications was used throughout the study and the effect
of varying the concentration of phosphate, NTA and citrate at different

levels of water hardness was investigated.

Standard soiled fabrics were used and soil removal was assessed
after washing under standardized domestic laundering conditions. The
amount of dirt present on any sample was assessed by measuring its white
light reflectance. A block of magnesium oxide was taken as a standard
representing 100%. The initial reflectance values for any given type of
fabric was the same and hence the values after washing could be taken as
a measure of laundering efficiency. It should be noted, however, that
the initial values did differ considerably from one fabric type to another,
When comparing any efficiencies it should be borne 1n mind that a difference

of 3% between reflectance values is fairly easy for the human eye to detect,

Another point to consider when reading this report is that different
builders only reach optimum efficiency with certain surfactant formulations.
For obvious reasons, however, in this program it was necessary to standar-
dize the basic formulation and vary only the builder type and concentration,
It is conceivable, therefore, that certain of the experimental products,
particularly those containing NTA and/or citrates could have been improved

by adjustment of surfactant composition.

MATERIALS

2.1 Soiled Fabrics

Artificially soiled fabrics were used in the evaluations. To

include samples of the type of fabric, particularly with respect to fibre



composition, that a consumer would encounter the following were selected:

(a) All cotton fabric EMPA 112 soiled with cocoa sweetened milk mixture
representing a type of pigment fat soil which often occurs on table

linen (COTTON CMS).

(b) Polyester/cotton 65/35 fabric with durable press finish (Soil Cloth #26
Specification SIS-47 U.S. Bureau of Ships) soiled with mixture containing
ethyl cellulose, lamp black, hydrogenated vegetable o0il, mineral oil,

corn starch, oleic acid, etc. (DACRON/COTTON STC).
(c) All cotton fabric soiled with the same mixture as fabric (b) (COTTON STC).

(d) Spun polyester fabric soiled with the same mixture as fabric (b) (DACRON
STC).

(e) Spun nylon fabric soiled with the same mixture as fabric (b) (NYLON STC).

(f) Spun Acrylic fabric soiled with the same mixture as fabric (b) (ORLON STC).

2,2 Detergents

The basic detergent formulation used throughout the study was one
conforming to CGSB provisional standard for detergent, laundry, power-built
2GP-115P July 1970, with the exception that the phosphate was omitted and

replaced by sodium sulphate. This formulation is shown below:

Sodium alkyl benzene sulphonate (CEDAPON S-85 flakes)
Chemical Developments of Canada Ltd. 25%
Sodium carboxymethyl cellulose CMC D435

Chemical Developments of Canada Ltd. 1%
Sodium silicate BRITESIL C-20

National Silicates Ltd. 10%

Sodium sulphate anhydrous B.D.H. 647

Different levels of phosphate, NTA and citrate were achieved by
replacing the appropriate proportion of sodium sulphate with sodium tri-
polyphosphate, nitrilotriacetic acid and sodium citrate respectively. The

different formulations investigated are shown in Table I.
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2.3 Water Supply

All tests were carried out using four different hardness levels.
Nominally these were chosen as 80, 135, 350 and 550 ppm (expressed as CaC0sz).
To obtain the required levels adjustments were made either by suitable dilution
with distilled water or by the addition of sufficient calcium chloride
(CaCl22H20) and magnesium sulphate (MgS0,4.7H20) in the ratio of 3:1 when
expressed in equivalents of CaCOz. The actual water hardness values were
determined by removing aliquots from the wash liquors and analyzing by the
Ethylene Diamine Titrimetric Method - Method 122B Standard Methods for the
Evaluation of Water and Waste Water. The four levels of water hardness were
calculated to be 80, 133, 330 and 550 ppm. These values are rtypical of
the range of hardnesses that exist across Canada, although 657% of the popu-

lation use water of 133 ppm hardness or less, and 85% use water of 330 ppm

or less.

SPECIMENS AND REPLICATIONS

Each test specimen composed a 30" x 30" piece of undyed cotton
broadcloth carrier fabric to which 4" x 4" squares of the six artificially
soiled fabrics were attached by stapling along the edges. Duplicate samples
of each soiled material were included in each wash and the whole procedure
was carried out by two technicians using separate washing machines. The

experiment therefore provided results for four replications.



Table I

Detergent Formulations

Identification
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STPP - sodiuﬁ tripoly-phosphatev(expreséed as PéO5)

CITRATE

sodium citrate




4.0 EXPERIMENTAL

5.0

4.1 Washing Procedure

All launderings were carried out in Kenmore Model 600 automatic
domestic washing machines having capacities of approximately 14 imperial
gallons. The regular wash cycle was used with an initial wash liquor
temperature of 147°F, When dilution with distilled water was needed the

required volume was preheated to this temperature.

Sufficient undyed cotton was added to make up a six-pound load
and 100 g of each detergent was used. The test specimens were subsequently

ironed to dryness.

4,2 Assessment of Soil Removal

Reflectance readings of the original soiled and laundered swatches
were made at four different locations on each swatch using an incandescent
light source with a narrow band filter allowing light to be transmitted at
570 nm wavelength. The measurements were made on a Zeiss Elrepho photometer,
calibration being made against a standard block of magnesium oxide representing
1007 reflectance.l The mean white light reflectance values after laundering
the soiled fabrics with the detergents listed in Table I are recorded in the

six Interim Reports which are appended.

RESULTS

The effectiveness of phosphate, NTA and citrate as detergent

builders can be compared with reference to Figs. 1-6.

The effectiveness of formulations containing NTA as well as those

containing 20% citrate can be compared with reference to Figs., 1d to 6d.

The results for bi and tri component blends of builders are not
recorded here, although they can be found in the appendix. The Teason is
that no indications of any synergism was found and the behaviour of the

blends is predictable from the results for the individual components.



6.0 STATISTICAL ANALYSES

Each data point in graphs 1-6 fepresents the mean of a sample of
test specimens. The sample size varied between 12 to 24 test specimens,
depending on the specific type of fabrics as well as the type of detergent
under study. The confidence range for each calculated mean was estimated via

the use of t - statistic as described below:

By definition t _lx-wl ceseeees (1)
-
(x)
where t = t value
X = mean of the sample with size N
v = true mean
S

(%) = standard error of the mean

Transposing Equation (1)

M =)—(it5(i) LI IR S Y W) (2)

since S(i) = S) ceeesnas (3)
AN

where S(x) = standard deviation of the sample

with size N

Substituting (3) into (2)

W T EE LS e (B

NN

95% confidence range of the mean

= C

»t

05,9 S0 iiieea. (5)
AN

An example of the calculation is given below for illustration purposes

Reflectance data are taken from the 16 test specimens on Cotton STC washed in

10% phosphate and 133 ppm of water hardness.



X = 36.3, 35.0, 34.4, 34.2, 37.8, 32.9, 36.8, 33.3,
34.7, 35.5, 35.9, 35.1, 35.9, 36.3, 37.9, 36.0
% = 35.5
=\ =
Stx) = /ﬁﬁ—f—%l— = 1.41751
£.05,15 = 2.131

Substituting the values into equation (5), 95% confidence range

of the mean is: 36.3 to 34.7.

CONCLUSIONS

At the two lower levels of water hardness which were investigated

(80 and 133 ppm - representing 65% of Canadian population):

(a) The presence of phosphate in excess of 5% (expressed as P>05) in detergent
formulations lowers their cleaning efficiency towards Dacron and Dacron/

cotton blends.

(b) At higher (>15%) concentration levels citrates and NTA improve the

laundering efficiency of detergents towards Dacron and Dacron/cotton blends.

At the higher levels of water hardness (330 and 550 ppm):
(c) Phosphates are significantly more effective than NTA or citrates, although

at least 15% as Py05 is needed to obtain satisfactory results.

(d) The efficiencies of some of the experimental formulations could probably
be improved if emulsion stabilizers were included. This is particularly
true of those containing NTA and citrate since phosphates themselves probably

possess some emulsion stabilizing properties,

(e) NTA and Phosphate are markedly more effective than citrate, formulated
with the same surfactant, in cleaning all cotton fabrics provided at least
15% is present. Little is gained by increasing the concentration beyond

this figure except at the higher levels of water hardness.

/ M.J. Willians
’ Department of Textiles
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Figure 3d . DACRON/COTTON STC

80 133 330 55

Water Hardness (ppm)

ll 50+
l ~ 45k
[eY]

‘ g
' 5
I
@)
[¢5)
—
[
Q
I 2
I 40
i 35 1 | ' | |



ol 0 AN Of AR &t an S N N

Reflectance (%)

60

50

40

30 |-

- 11 -

Figure 4d

NYLON STC

80

133

Water Hardness (ppm)

330

550




o
i
\ e
/7 «,e
&
(o)
7,
0&.
) <
S I\
) 4
)
S 3¢
Q, (o]
.C .
= -1
%)
PN
Z £
O A
a1 Q.
C p g
. <q
[ w
o @
©
— =
| g
R <
) -
et
5 3
o ©
z =
o~
o
i
—~&
| }
o o o o
O A I A

(%) °oue109371319Y



Tt v omeme mew s e ALY -2 P teeemiee s T e b e A B T

sl
L
[Fa)
()
— [@]
[9p] -~
o
=
o N
3 &
o
(@) e
| A
o w
—l w
[0}
| o =
> s
o
o ©
o =
-3
0 ~
- e
Ir, L
[3s}
=
o
- Y
—~
- O
20
l 1 1 1

n (&) tN
. = ©

60
55

(%) @dueidatiay



FIG. I

Figure 1 COTTON CNS

Figure la COTTON CMS
Relationship Between Phosphate Content of Delergent
and Cleaning Efficiency (% Ret lectance)

at Different Levels of Water Hardness

50,

Relationship Between NTA Content of Detergent
and Cleaning Efficiency (I Reflectance)

at Different Levels of Water Hardness Figure lb COTTON CMS
Relationship Between Sodium Citrate Content of
Detergent and Cleaning Efficiency (I Reflectance)
at Different Levels of Water Hardness
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Figure 2 COTION STC

Relationship Between Phosphate Content of Detergent
and Cleaning Efficlency (% Reflectance)
at Different Levels of Water Hardness
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Figure 2a COTTON STC-

Relationship Between NTA Content of Detergent
and Cleaning Efficiency (2 Reflectance)
at Different Levels of Water Hardness
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Figure 2b COTTON STC

Relationship Between Sodium Citrate Content of
Detergent and Cleaning Efficiency (I Reflectance)
at Different lLevels of Water Hardness
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Figure 5 DACRON STC

Relationship Between Phosphate Comtent of Detergent
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at Different Levels of Water Hardness
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Figure 5a DACRON STC
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EVALUATION OF DETERGENT FORMULATIONS

Interim Report for Period Dec. 18, 1971 to Feb., 17, 1972

SUMMARY

The overall objective of this research program is to evaluate the
relative efficiencies of different detergent formulationé at different levels
of waterihardneSs. Tﬁis intérim feport is concerned with the first phase of
this study, and is specifically involved with the effect of Variations in
phosphate content. $evera1,detergénts, based on C.G.S.B. specifications,
were prepared containing betWeen 0 and 20% phosphate (eipressed a Py0s5).

Their cleanlng ability was compared by 1aunder1ng a variety of soiled fabrics
under standard washing condltlons and instrumentally measurlng the 1mprove~
ment 1n white light reflect1v1ty. ‘

MATERIALS

2.1 Soiled Fabrics

Artlflclally soiled fabries were used in the tests., To include oo
samples of the types of fabrxc, particularly with respect to fibre comp031t10n, ,k

that the consumer would normally encounter, the follow1ng were selected.
The abbrevmatlons whlch are used in subsequent parts of this report are given

in brackets after the descrlptl@n of the soiled fabrlc«

€] A11fcotton fabrlc~EMPA 112, soiled with cocoa-sweetened milk mixture
representlng a type of pigment-fat soil that often occurs on table linen.,
(COTTON CMS). ‘

(2) Cotton 5011 ‘test cloth prepared to specification 51 S 47 (INT) Bureau
of Sh1ps, soiled with mlxture containing ethyl cellulose, lamp black,

hydrogenated vegetable 011, corn starch and olelc acid. (COTTON STC).

(3 Polyester/cotton (65/35) fabric with durable press finish, 3011ed with ,
same mlxture as fabrlc 2. (DACRON/COTTON STC). '

#A11 soiled fabrics were obtained from Testfabrics Inc., N.Y.




(4) Spun nylon fabric soiled with same mixture as fabric (2). (NYLON STC).
(5) Spun polyester fabric soiled with same mixture as fabric (2). (DACRON STC).

(6) Spun acrylic fabric soiled with the same mixture as fabric (2). (ORLON STC).

2.2 Detergents

The basic detergent formulation used throughout the study was one
conforming to C.G.S.B. Provisional Standard for Detergent, Laundry: Power,
Built 2-GP-115 P July 1970, with the exception that the phosphate was omitted

and replaced by sodium sulphate, This formulation is shown below:

Sodium Alkyl Benzene Sulphonate (CEDEPON S-85 FLAKES)

Chemical Developments of Canada Ltd. - 25%

Sodium Carboxymethyl Cellulose (CMC D435)

Chemical Developments of Canada Ltd. - 1z

Sodium Silicate (BRITESIL C-20)
National Silicates Ltd. - 10%

Sodium Sulphate (Anhydrous) B.D.H. - 647

Different levels of phosphate content were achieved by replacing
the appropriate proportion of sodium sulphate with sodium tripolyphosphate
(STPP). The five formulations investigated in this phase of the program are

described below:

Detergent Identification

A B c D E
CEDEPON S-85 257 25% 254 25%  25%
CMC D435 1 1 1 1 1
BRITESIL C-20 10 10 10 10 10
SODIUM SULPHATE 64,0 55.2 46,5 37.7 29.0
STPP (as P,0,) 0 5 10 15 20

2.3 Water Supply

In accordance with our Proposal P-982 all tests were carried out
using 4 different hardness levels. Nominally these were chosen as 80, 135,
350 and 550 ppm expressed as CaCO3. To obtain the required levels, adjustments

were made either by suitable dilution with distilled water or by the addition



of sufficient ‘calcium chloride (CaClz2H_ O) and magne31um sulphate (MgSO4 7H O)
in the ratio of 3:1 when expressed in equ1va1ents of calcium carbonate.
The actual water hardness values were determined by removing aliquots from the
wash liquors and analyzing by the Ethylanediamine Titrimetric Method (Method

122B Standard Methods for the Evaluation of Water and Wastewater).

The four levels of water hardness were calculated to be 80, 133, 330
and 550 ppm expressed as CaCOS. These values are typical of the range of

hardnesses that exist across Canada.

3.0 SPECIMENS AND REPLICATIONS

Each test specimen compriseda 30" x 30" piece of undyed cotton broad-

cloth carrier fabric to which 4" x 4" squares of the six artificially soiled

fabrics were attached by stapling along the edges. Duplicate samples of

each soiled material were included in each wash and the whole procedure was

carried out by two technicians using separate washing machines, The experiment
therefore provided results for four replications.

4.0 EXPERIMENTAL

4.1 Washing Procedﬁre

All tests were carried out in Kenmore Model 600 automatic domestic

washing machines having capacities of approximately 14 imperial gallons.
The "regular"

of 147°F,

wash cycle was used with an initial wash liquor temperature

When dilution wlth distilled water was needed the required volume

was preheated to this temparature. Sufficient undyed cotton was added to

make up a 6 1b load. The test specimens were subsequently ironed to dryness,

4.2 Assessment of Soil Removal

Reflectance readings of the original soiled and the laundered swatches
were made at four different locations on each' swatch using an incandescent

light source with a narrow band filter allowing light to be transmitted at

570 nm wavelength. The measurements were made on a Zeiss Elrepho Photometer,

calibration being made agalnst a standard block of magnesium oxide representing
- 100% reflectance. '
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5.0 RESULTS

The mean white.light reflectance values after laundering the soiled
fabrics with detergents of different phosphate content at different levels

of water hardness are shown in Tables I to VI,

Table I

Ref lectance Values for COTTON CMS (Original Reflectance = 34.8%)

Water Hardness (ppm)

% P505 Detergent 80 133 330 550
0 A 38.1%2  37.3%  34.27%  35.1%

5 B 41,2 37.3 34.6 34,5

10 o 47.7 42.3 37.1 35.3
15 D 50.5 43.5 37.7 - 36.1
20 E 52.4 47.8 41.1 37.8

Table II

Reflectance Values for COTTON STC (Original Reflectance = 18.1%)

Water Hardness (ppm)

% P05 Detergent 80 133 330 550
0 A 33.2% ° 27.6%  26.4%°  25.0%

5 B 35.7 33,0  28.6  26.3

10 c 37.0  35.5  30.7  26.5
15 D 38.2  38.2 32,6  27.2
20 E 36.4 36,7  35.6  28.3

Table III

Reflectance Yalues for DACRON/COTTON STC (Original Reflectance = 28,2%)

Water Hardness (ppm)
% Po0s Detergent 80 133 330 550

0 | A 48.1  46.2  39.7  38.5
5 B 48.5  47.7 42,1  39.4
10 c 46,7  47.6  46.8  40.4
15 D £3.9  46.1  48.5  43.3
20 E 3.4 43.6  48.9  43.4
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Table IV

Reflectance Values for NYLON STC (Original Reflectance = 24.2%)

Water Hardness (ppm)

% P05 Detergent 80 133 330 550
0 A 55.6%  41.9%  27.6% 27.9%
5 B 61.4  46.2  34.5  31.1
10 c 63.2  62.1  48.2  32.3
15 D 64.5  65.4 54,4 43.4
20 E 63.2  63.2 58,6  43.2

. Table V

Reflectance Values for DACRON STC (Original Reflectance = 27.9%)

Water Hardness (ppm)

% P505g Detergent 80 133 330 550
0 A 56.1% 51.94 35.3%Z 31.9%
5 B 55.3 55.6 47.3 ° 37.1
10 c 49.1 55.7 56.0 40,7
15 D 41.9 50.4 57.4 48.4
20 E 42.2 42,7 55.9 49.4

Table VI

Reflectance Values for ORLON STC (Original Reflectance = 41,9%)

Water Hardness (ppm)

% Po0s Detergent 80 133 330 550
0 A 68.17  63.1%  54.9%  49.7Y%

5 B 68.6  67.6  63.4  55.8
10 c 67.6  68.4  66.7  56.3
15 D 66.9  67.5  68.7  61.0
20 E 66.8  67.4  68.4  63.9

The results in the above tables are recorded graphically in Figures 1 - 6.
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Relationship Between Phosphate Content of Detergent
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Figure 4  NYLON STC
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Figure 5 DACRON STC

Relationship Between Phosphate Content of Detergent
and Cleaning Efficiency (7% Reflectance)
at Different Levels of Water Hardness
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Figure 6
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EVALUATTON OF DETERGENT FORMULATIONS

Interim Report for Period February 18 - March 9, 1972

1.0 SUMMARY

This part of the overall research program is concerned with the
effect of variation in NTA content on detergent efficiency. Several deter-
gents, based on CGSB specifications, were prepared contalning up to and
including 207% NTA. Their cleaning ability was compared by laundering swatches
of the solled fabrics described in our interim report of February 17, 1972.
The water supplies used, the specimens and replications, and the assessment

of soll removal were also as described in that report.

The NTA was obtained from the Clough Chemical Company Limited,
Quebec, and the five formulations investigated in this phase of the program

are described below:

Detergent Identification

A F I
CEDEPON S-85 257% 25% 25%‘ 25% 25%
CMC D435 1 1 1 1 1
BRITESIL C-20 10 10 10 10 10
SODIUM SULPHATE 64 59 54 49 44
NTA ‘ 0 5 10 15 20

2.0 RESULTS

The mean white light reflectance values after laundering the soiled
fabrics with detergents of different NTA content at different levels of water

hardness are shown in Tables Ia - VIa.

THIS REPORT RELATES ONLY TO THE PARTICULAR INSTRUMENT, MATERIAL, OR OTHER SUBJECT REFERRED TO IN IT, NO REPRESENTATION IS MADE THAT SIMILAR ARTICLES WILL
BE OF LIKE QUALITY, WITHOUT THE PRIOR WRITTEN CONSENT OF THE ONTARIO RESEARCH FOUNDATION, NO PUBLICATION IN WHOLE OR IN PART OF THE TEXT OR SUBSTANCE OF THIS
REPORT SHALL BE MADE, NOR SHALL THE NAME OF THE ONTARIO RESEARCH FOUNDATION BE USED IN ANY WAY [N CONNECTION WITH THE SALE, OFFERING OR ADVERTISING CF ANY
ARTICLE OR PRODU(?T. ANY TESTING, INSPECTION OR INVESTIGATION OF THE INSTRUMENTS, MATERIALS OR OTHER SUBJECTS PERFORMED BY ONTARIO RESEARCH FOUNDATION WILL
BE CONDUCTED IN ACCORDANCE WITH THE BEST TECHNICAL STANDARDS BY THE ONTARIO RESEARCH FOUNDATION BUT NEITHER IT NOR ITS EMPLOYEES SHALL BE RESPONSIBLE FOR
ANY LOSS OR DAMAGE RESULTING DIRECTLY OR INDIRECTLY FROM ANY DEFAULT, ERROR OR OMISSION.
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Table Ia

Reflectance Values for COTTON CMS (Original Reflectance = 34,8%)

Water Hardness (ppm)
% NTA Detergent 80 133 330 550

0 A 38.1 37.3 34.2 35.1
5 38.4 32.9 33.5 32.7
10 41.0 36.8 32.3 32.5
15 42.8 36,1 34,0 32.2
20 46,7 37.7 34.3 32.6

I m

—t

Table Ila

Reflectance Values for COTTON STC (Original Reflectance 18,1%)

Water Hardness (ppm)
% NTA Detergent 80 133 330 550

0 A 33.2 27.6 26.4 25.0
5 34.3 33.3 27.5 23.9
10 34,3 34.8 27.7 25.8
15 33.6 34.9 27.6 24.0
20 35.1 36.5 27.5 25.6

H o o oM

THIS REPORT RELATES ONLY TO THE PARTICULAR INSTRUMENT, MATERIAL, OR OTHER SUBJECT REFERRED TO IN 1T, NO REPRESENTATION I5 MADE THAT SIM!LAR ARTICLES WILI
8E OF L!KE QUALITY. WITHOUT THE PRIOR WRITTEN CONSENT OF THE ONTARIQ RFSFEARCH FOUNDATION, NO PUBLICATION IN WHOLE OR IN PART OF THE TEXT OF SUBSTANCE OF riIS
REPORT SHALL BE MADE, NOR SHALL THE NAME OF THE ONTARIQO RESEARCH FOUNDATION BE USED IN ANY WAY IN CONNECT;ON WITH THE SALFE, OFFERING QR ADVERTISING CF ANY
ARTICLE OR PRODUCT, ANY TESTING, INSPECTION OR INVESTIGATION OF THE INGTTRUMENTS, MATERIALS OR OTHER SURJECTS PERFORMED HY ONTARIO RESEARCH FOUNDATION WiLL
BE CONDUCTED !N ACCORDANCE WITH THE BEST TECHNICAL STANDARDS BY THE ONTARIO RESEARCH FOUNDATION BUT NEITHER IT NOR ITS EMPLOYFES SHALL BE RESPONSIBLE Fo®
ANY LOSS OR DAMACE RESULTING DIRECTLY OR INDIRECTLY FROM ANY DEFAULT, ERRCR OR OMISSION.



Table I1la

inal

Reflectance Values for DACRON/COTTON STC (Crig

.

Reflectance =

Water Hardness (ppm)

4 _NTA Detergent 80 133 330 550
4] A 48,1 46.2 29.7 38.5
5 F 48,8 49,1 41,1 36.6
10 G 50.1 49,3 43,1 39,0
15 H 46,2 49,4 42.5 37.1
20 I 44,3 50.7 42,5 37.4

Table IVa

Reflectance Values for NYLON STC (Original Reflectance =

24.2%)

Water Hardness (ppm)

7% NTA Detergent 20

133

330

550

A 55.6
F 61.7
64.1
63.4
63.7
E 63.4

N
o v o u O
o ~H T ©

41.9
55.9
59.6
57.7
63.4
62.3

27.6
33.3
39.9
37.1
39.8
62.0

27.9
29.1
32.4
30.1
31.0
50.1

THIS REPORT RELATES ONLY TQ THE PARTICULAR INSTRUMENT, MATER'TAL, OP OTHER SUBJECT REFERRED TO IN 1T, NO REPARESENTATION 1S MADE THAT SIMILAR ARTICLES WILL
8E OF LIXE QUAUTY. WITHOUT THE PRIOR WRITTEN CONSENT OF THE ONTARIQ ‘IESEARCH FOUNDATION. NO PUBLICATION 1N WHOLE OR iN PART OF The TEXT 2R SUBSTANCE OF TH!S
REPORT SHALL BE MADE, NOR SHALL THE NAME OF THE ONTARIO RESEARCK FOUNDATION BE USED IN ANY WAY IN CONNECTION WITH THE SALE, OFFERING OR ADVERTISING OF ANY
ARTICLE OR PRODUCT, ANY TESTING, !INSPECTION OR 'NVESTIGATION OF THE INSTIUMENTS, MATERIALS OR OTHER 3Y CTS PENFORMED BY ONTARID RESZARCH FOUNDATION WILL
SE CONDUCTED !N ACCORDANCE WITH THE BEST TECHNICAL STANDARDS BY THE OYTARIO RESLARCH FOUNCATION BUT NEIT
ANY L0SS OR DAMAGE RESULTING DIRECTLY OR INDIRECTLY FROWM ANY DEFAULT, SRROR ON OMISSINN.

HER {T NOR 175 EMPLOYEES SHALL 1€ RESPONS!DLSE FUR
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Table Va

Reflectance Values for DACRON STC (Original Reflectance = 27.9%)

Water Hardness (ppm)

% NTA Detergent 80 133 330 550

0 A S6.1 51.9 35.3 31,9

5 F 55.1 57.4 40.3  31.9

10 G 54,3 56.6 45.0 35,6

15 H 48.8 56.3 43,7 34,3
1

20 43.3 56.6 47.4  33.4

)

]
)

- Table VIa

Reflectance Values for ORLON STC (Original Reflectance = 41,9%)

Water Hardness (ppm)
% NTA Detergent © 80 133 330 550

0 A 68.1 63.1 54.9 49,7
5 67.4 69,3 60,1 49.1
10 68.9 68.5 62.9  53.5
15 66.7 68.6 64.0 50.5
20 66.5 69.1 64.9  53.6

H o O M

The results in the above tables are shown graphically in Figures

la to 6a.

L p

M.J. Williams
Department of Textiles

THIS REPORT RELATES ONLY TO THE PARTICULAR INSTRUMENT, MATERIAL, OR OTHER SUDJECT REFERRED TO IN T, NO REPRESENTATION 1S MADE THAT SIMILAR ARTICLES wWiLL
BE OF LIKE QUALITY. WITHOUT THE PR{OR WRITTEN CONSENT OF THE ONTARIO RESEARCH FOUNDATION, NO PUBLICATION IN WHOLE OR IN PART OF THE TEXT OR SUBSTANCE OF TM|§
REPORT SHALL BX MADE, NOR SHALL THE NAME OF THE ONTARIO RESEARCH FOUNDATION BE USED IN ANY WAY IN CONNECTION WITH THE SALE, OFFERING QR ADVERTISING OF ANY
ARTICLE OR PRODUCT. ANY TESTING, INSPECTION OR INVESTIGATION OF THE INSTPUMENTS, MATERIALS OR OTHER SUBJECTS PERFORMED BY ONTARID RESEARCH FOUNDATIONW!LL
BE CONDUCTED N ACCORDANCE W:TH THE BEST TECHNICAL STANDARDS BY THE ONTARIO RESEARCH FOUNDATION BUT NEITHER IT NOR ITS EMPLOYEES SHALL DZ RESPONSIDLE FOR
ANY LOSS OR DAMAGE RESULTING DIRECTLY OR INOIRECTLY FROM ANY DEFAULT, ERROR OR OMISSION,
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Figure la COTTON CMS

Relationship Between NTA Content of Detergent
and Cleaning Efficiency (% Reflectance)
at Different Levels of Water Hardness

X A - Water Hardnes< = 80 ppm
B - Water Hardnes: = 133 ppm
C - Water Hardness = 330 ppm
D - Water Hardness = 550 ppm
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Figure 2a COTTON STC

40

Relationship Between NTA Content of Detergent
and Cleaning Efficiency (% Reflectance)
at Different Levels of Water Hardness

A - Water Hardness = 80 ppm

B = Water Hardness = 133 ppm

C - Water Hardness = 330 ppm

D - Water Hardness = 550 ppm
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Figure 3a DACRON/COTTON STC

Relationship Between NTA Content of Detergent
and Cleaning Efficiency (% Reflectance)
at Different Levels of Water Hardness

35
A - Water Hardness = 80 ppm
B - Water Hardness = 133 ppm
C - Water Hardness = 330 ppm
D - Water Hardness = 550 ppm
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Figure 4a NYLON STC

Relationship Between NTA Content of Detergent
and Cleaning Efficiency (% Reflectance)
at Different Levels of Water Hardness

A - Water Hardness

B - Water Hardness = 133 ppm

C - Water Hardness = 330 ppm

D - Water Hardness = 550 ppm
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Figure 5a DACRON STC
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Relationship Between NTA Content of Detergent
and Cleaning Efficiency (% Reflectance)
at Different Levels of Water Hardness
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Figure 6a ACRILAN STC
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EVALUATION OF DETERGENT FORMULATIONS

Interim‘Report for Period March 10 - March 30, 1972

1.0 Summary

_ This part of the overall,reséarch program is concerned with the
effect of variation in sodium citrate content on detergent efficiency.
Several detergents, whose formulations were based on C.G.S.B. specifications,
were prepared containing up to and including 20% sodium citrate. The cleaning
ability of these detergents was compared by laundering swatches of the soiled
fabrics described in our Interim Report of February 17, 1972. The degrees of
water hardness, and the procedure for carrying out the tests and assessilng

soil removal were also the same as previously described.

The sodium citrate used was obtained from the J.T. Baker Chemical
Company and the compositions of the five formulations investigated in this

phase 'of the program are given below:

Detergent Identification

G B0 Ny Uh OGN Gn em S8 Sm =s

J K L M
CEDEPON S-85 25% 257% 25% 25% 257

. CMC D435 1 1 1 1 1
BRITESIL C-20 10 10 10 10 10

l‘ SODIUM SULPHATE 64 59 54 49 - 44
SODIUM CITRATE 0 5 10 15 20

2.0 RESULTS

The mean white light reflectance values of the soiled fabrics after
laundering with detergents of different sodium citrate content at different

levels of water hardness are shown in Tables Ib to VIb.

..l!

THIS REPORT RELATES ONLY TO THE PARTICULAR INSTRUMENT, MATERIAL, OR OTHER SUBJECT REFERRED TO IN IT. NO REPRESENTATION IS MADE THAT SIMILAR ARTICLES WILL
BE OF LIKE QUALITY, WITHQUT THE PRIQR WRITTEN CONSENT OF THE ONTARIO RESEARCH FOUNDATION, NO PUBLICATION IN WHOLE OR IN PART OF THE TEXT OR SUBSTANCE OF THIS
REPORT SHALL BE MADE, NOR SHALL THE NAME OF THE ONTARIO RESEARCH FOUNDATION BE USED IN ANY WAY IN CONNECTION WITH THE SALE, OFFERING OR ADVERTISING OF ANY
ARTICLE OR PRODUCT, ANY TESTING, INSPECTION OR INVESTIGATION OF THE INSTRUMENTS, MATERIALS OR OTHER SUBJECTS PERFORMED BY ONTARIO RESEARCH FOUNDATION WILL
BE CONDUCTED N ACCORDANCE WITH THE BEST TECHNICAL STANDARDS BY THE ONTARIO RESEARCH FOUNDATION BUT NEITHER IT NOR ITS EMPLOYEES SHALL BE RESPONSIBLE FOR
ANY LOSS DR DAMAGE RESULTING DIRECTLY OR INDIRECTLY FROM ANY DEFAULT, ERROR OR OMISSION.
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Table Ib

Reflectance Values for COTTON CMS (Original Reflectance = 34.8%)

% Sodium Water Hardness (ppm)
Citrate Detergent . 80 133 330 550
0 A 38.1%Z 37.3% 34.2% 35.1%
5 J 39.4 35.5 34.0 34.8
10 K 38.9 37.5 35.2 34.4
15 L 39.3 36.1 34,7 33.7%
20 M

39.9 35.9 33,2 34.3

Table ITb

Reflectance Values for COTTON STC (Original Reflectance = 18.1%)

% Sodium Water Hardness (ppm)
Citrate Detergent 80 133 330 550
0 A 33.2% 27.67%4 26.47 25,0%
5 J 35.1 31.7 26.4 24.6
10 K 36.7  30.4  27.6  24.6
15 L 37.3  32.8  27.8  24.2
20 M 36.4 34,3 26,8 24,3

Table IIIb

‘Reflectance Values for DACRON/COTTON STC (Original Reflectance = 28.2%)

% Sodium Water Hardness (ppm)
Citrate Detergent 80 133 330 550
0 A 48.1% 46.2% 39.7% 38.5%
5 J 51.0 . 49.6 43,9 39.4
10 K 50.3 49,0 44,1 38.4
15 L 49.7  48.5  46.4  38.8
20 M 49,0 47.7 43.7 40,1

THIS REPORT RELATES ONLY TO THE PARTICULAR INSTRUMENT, MATERIAL, OR OTHER SUBJECT REFERRED TO IN IT. NO REPRESENTATION IS MADE THAT SIMILAR ARTICLES WILL
BE OF LIKE QUALITY. WITHOUT THE PRIOR WRITTEN CONSENT OF THE ONTARIO RESEARCH FOUNDATION, NO PUBLICATION IN WHOLE OR IN PART OF THE TEXT OR SUBSTANCE OF THIS
REPORT SHALL BE MADE, NOR SHALL THE NAME OF THE ONTARIO RESEARCH FOUNDATION BE USED IN ANY WAY IN CONNECTION WITH THE SALE, OFFERING OR ADVERTISING OF ANY
ARTICLE OR PRODUCT. ANY TESTING, INSPECTION OR INVESTIGATION OF THE INSTRUMENTS, MATERIALS OR.OTHER SUBJECTS PERFORMED BY ONTARIO RESEARCH FOUNDATION WILL
BE CONDUCTED [N ACCORDANCE WITH THE BEST TECHNICAL STANDARDS BY THE ONTARI(O RESEARCH FOUNDATION BUT NEITHER IT NOR ITS EMPLOYEES SHALL BE RESPONSIBLE FOR
ANY LOSS OR DAMAGE RESULTING DIRECTLY OR INDIRECTLY FROM ANY DEFAULT, ERROR OR OMISSION.
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Table IVb

Reflectance Values for NYLON STC (Original Reflectance = 24.2%)

% Sodium Water Hardness (ppm)
Citrate Detergent 80 133 330 550
0 A 55.6% 41.9% 27.6% 27.9%
5 J 54,0  43.8 33,3  29.2
10 K 56.5 47.3 34,4 30,7
15 L 57.8  48.6  35.3  30.9
20 M 62.9 56.3 35,1 29.3

Table Vb

Reflectance Values for DACRON STC (Original Reflectance = 27.9%)

% Sodium Water Hardness (ppm)

Citrate Detergent 80 133 330 550
0 A 56.1% 51.9% 35.3% 31.9%
5 J 56.6 53.8 38.6 32.0
10 K 55.4 52.5 39.6 32.4
15 L 54.1 51.6  45.1 31.9
20 M 53.0 54,9 41.2 32.9

Table VIb

Reflectance Values for ORLON STC (Original Reflectance = 41.9%)

% Sodium Water Hardness (ppm)
Citrate Detergent 80 133 330 550
0 A 68.1% 63.1% 54.9% 49.7%
5 J 67.8 67.3 59.5 49,4
10 K 68.2 67.6 6l.1 50,2
15 L 66.1 66.5 63.1 48,7
20 M 67.4 67.6 60.5 49.7

The results of the above tables are shown graphically in

Figures 1b to 6b.
a

e —
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//' M.J. Williams
Department of Textiles

THIS REPORT RELATES ONLY TO THE PARTICULAR INSTRUMENT, MATERIAL, OR OTHER SUBJECT REFERRED TO IN IT. NO REPRESENTATION IS MADE THAT SIMILAR ARTICLES WILL
BE OF LIKE QUALITY. WITHOUT THE PRIOR WRITTEN CONSENT OF THE ONTARIO RESEARCH FOUNDATION, NO PUBLICATION IN WHOLE OR N PART OF THE TEXT OR SUBSTANCE OF THIS
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Figure 1b COTTON CMS

Relationship Between Sodium Citrate Content of
Detergent and Cleaning Efficiency (% Reflectance)
at Different Levels of Water Hardness
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Figure 2b COTION STC

Relationship Between Sodium Citrate Content of
Detergent and Cleaning Efficiency (% Reflectance)
at Different Levels of Water iardness
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Figure 3b DACRON/COTTON STC

Relationship Befween Sodium Citrate Content of
Detergent and Cldaning Efficiency (% Reflectance)
at Differeny Levels of Water lardness
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Figure 4b NYLON STC

Relationship Between Sodium Citrate Content of
Detergent and Cleaning Efficiency (% Reflectance)
at Different Levels of Water Hardness .

A - Water Hardness = 80 ppm

B - Water Hardness = 133 ppm

C - Water Hardness = 330 ppm

D - Water Hardness = 550 ppm
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Figure 5b DACRON STC

Relationship Between Sodium Citrate Content of
Detergent and Cleaning Etficiency (% Reflectance)
at Different ilevels of Water Hardiess

A - Water Hardness = 80 ppm

B ~ Water Hardness = 133 ppm

C - Water Hardness = 330 ppm

D - Water Hardness = 550 ppm
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Figure »b  OGRLON STC
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Relationship Between Sodium Citrate Content of
belergent and Cleaning Efficiency (% Reflectance)
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Evaluation of Detergent Formulations

Interim Report for Period April 1 - April 28, 1972

1.0 Summary

This part of the overall research program is concerned with the effect
of variation in component blends of NTA, phosphate and citrate on detergency
efficiency. Several detergents, based on CGSB specifications, were prepared
containing between 5 and 15% of each component in the blend. Their cleaning
ability was compared by laundering swatches of the soiled fabrics described
in our interim report of February 17, 1972. The water supplies used, the

specimens and replications, and the assessment of soil removal were also as

described in that report.

The twelve formulations investigated in this phase of the program

are described below,

Detergent Idenitifcation

E 1 M N 0 P Q R S T U v
Cedepon $-85 25% 25% 257 25% 25%  25% 25% 25% 25% 25% 25% 25%
CMC D435 1 1 1 1 1 1 1 1 1 1 1 1

Britesil C€-20 10 10 10 10 10 10 10 10 10 10 10 10
Sodium Sulphate 29.0 44,0 44.0 40,2 36.5 32.7 40.2 36.5 32.7 44 44 44

NTA 0 20 0 0 0 0 15 10 5 5 10 15
STPP (as Py05) 20 0 0 5 10 15 5 10 15 0 0 0
Sodium Citrate 0 0 20 15 10 5 0 0 0 15 10 5

2.0 Results

The mean white light reflectance values after laundering the soiled
tabrics with detergents of different NTA, phosphate and citrate content at

different levels of water hardness are shown in Tables Ic to Vic.

"4t KEPORT RELATES ONLY TO THE PARTICULAR INSTRUMENT, MADE THAT SIMILARARTICLES WILL
BE OF LIKE QUALITY, WITHOUT THE PRIOR WRITTEN CONSENT OF THE ONTARIO RESEARCH FOUNDATION, NO PUBLICATION IN WHOLE OR IN P4RT OF YHE TS¥T OR SUBSTANCE OF THIS
REPORY SHALL BE MADE, NOR SHALL THE NAME JF THE ONTARI0 RESEARCH FOUNOATION BE USED IN ANY WAY IN CONNECT!ON W{TH THE SALE, OFFEPING OR ADVERTISING OF ANY
ARTICLE OR PRODUCY, ANY TESTING, INSPECTION OR INVESTIGATION OF THE INSTRUMENTS, MATERJALS OR QTHER SUBJLCTS PERFORMED BY ONTARIO RFESEARCH FOUNDAT!ON WiLL
S¢ CONDUCTED iN ACCORDANCE WITH THE BEST TECHNICAL STANDARDS BY THE 'WTARID RESEARCH FOUNDATION BUT NETTHER IT NOR 1TS EMPLOYEES SHALL B8E RESPONSIBLE FOR
ANY (055 O DAMAGE RESUL TING DIRECTLY OR INDIRECTLY FROM ANY DEFAUL:, ERROR OR OMISSION,
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Table Ic

Reflectance Values for Cotton CM3 (Original Reflectance = 34.8%)

Water Hardness (ppm)

% Phosphate
% NTA (as P205) Detergent 80 133 330 550

20 0 I 46,7 37.7 34.3 32.6
15 5 41.8 37.2 33.3 32.9
10 10 42.5 38.9 34,0 33.7

5 15 43.3 41,7 36.0 33.8

n w9 o

0 20 E 52.4 47.8 41,1 37.8
% NTA % Citrate Detergent 80 133 330 550

20 0 I 46,7 37.7 34.3 32.6
15 5 41.3 36.4 33.0 33.4
10 10 41.5 35.0 32.4 31,9
5 15 39.1 34.8 33.4 32.4
39.9 35.9 33,2 34.3

2 13 c <

O 2

VA
Phosphate % Citrate Detergent 80 133 330 550

0 20 M 39.9 35.9 33.2 34.3
5 15 41.3 39.3 34.9 33.7
10 10 42.8 40,5 36,0 34,4
15 5 44,2 41.4 36,9 36.0
20 0 52.4 47,8 41.1 37.8

o w O =

THIS REPORY RELATES ONLY TO THE PARTICULAR INSTRUMEMI MATERIAL, O®R OTHER SUBJECT REFERRED TO IN 11, ND REPRESENTATION IS MAOE THAT SIMILAR ARTICLES WILL
Bt OF LIKE QUALITY, WITROUT rHL PRIOR WRITTEN CONSEMT OF THE ONTARIO Rt SEARCH FOUNDATION, NO PUBLICATION IN WHOLE OR 1IN PART OF THE TEXT OR SUBSTANCE OF THIS
REPORY SHALL Bf MADE, NOR SHALl THE NAME OF THE ONTAHIU RESEARCH FOUNDATION HE USED IN ANY WAY (N CONNECTION WITH THE SALE, OFFERING OR ADVERTISING OF ANY
ARTICLE OR PRODUCT, ANY TESTING, INSPECTION OR INVESTIGATION OF THE 'N“TRUMEMfS, MATERIALS OR OTHER SUBJICTS PERFORMED BY ONTARIO RESEARCH FOUNDATIONWILL
BE CONDUCTED IN ACCORDANCE WITH THZ BESY TECHNICAL S1ANDARDS BY THE ONTARIO RESEARCH FOUNDATION BUT NEITHER IT NOR TS EMPLOYEES SHALL BE RESPONS'B! E FOR
ANY LOS5S5 OR UAMAGE RESULTING DIRECTLY OR INDIRECTLY FROM ANY DEFAUL ! LRROR OR OMISSION,
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Table Ilc

Reflectance Values for Cotton STC (Original Reflectance = 18,1%)

t H m
% Phosphate Water Hardness (ppm)

% NTA (as P,05) Detergent 80 133 330 550
20 0 I 35.1 36.5 27.5 25,6
15 5 Q 38.5 38.1 28.8 25.5
10 10 R 36.1 37.8 30,1 25.7

15 S 37.9 36.1 31,2 27.4
0] 20 E 36,4 36.7 35.6 28.4

% NTA % Citrate Detergent 80 133 330 550
24 0 I 35.1 36.5 27.5 25.6
15 5 A 37.7 35.6 28.3 25.0
10 10 U 39.7 34,5 27.9 25.6
5 15 T 39.1 35,1 28.3 25.5
0 20 M 36.4 34,3 26.8 24,3
%

Phosphate 7 Citrate Detergent 80 133 330 550
0 20 M 36.4 34,3 26,8 24,3
5 15 N 37.6 37.8 29.0 24,7

10 10 0 39.0 40,0 31.2 25.2
15 5 P 37.6 38.8 32.5 26.8
20 0 E 36.4 36.7 35.6 28.4

ARTICLE OR PRODUCT, ANY TESTING, INSPECTION OR |
BE CONDUCTED IN ACCORDANCE WIiTH THE BEST TECHN
ANY LOSS CP QAMAGE RESULTING DIRECTLY OR INDIRECTLY FROM ANY DEF AU

NVESTIGATION OF THE INSTRUMENTS, MATERIALS OR
ICAL STANDARDS BY THE

DYHER SUBJECTS PERFORMED BY ONTARIO RESEARCH FOUNDATION WILL
ONTAP 10 RESEARCH FOUNDAYION BUT NEITHER IT NOR ITS EMPLOYEES SHALL BE RESPONSIBLE FOR
. ERROR OFR OMISSION,
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Table Illc

Reflectance Values for Dacron/Cotton STC (Original Reflectance = 20.5%)

Water Hardness (ppm)

% Phosphate
% NTA (as P205) Detergent 80 133 330 550

20 0 I 33.3 37.7 32,7 27.2
15 5 Q 32.4 35.8 33.3 29.1
10 10 R 33.3 33.9 35.5 29.3
S
E

15 30,8 32.7 36.5 33.5
0 20 30.6 32.2 36.1 34.2

7 NTA % Citrate Detergent 80 133 330 550
20 0 I 33.3 37.7 32,7 27.2
15 5 36.6 37.7 32.9 27.3
10 10 36.9 37.3 32,9 27.2

15 37.8 38.1 33,2 27.5

0 20 34.9 36.8 31.5 27.8

951

X H o<

%
Phosphate % Citrate Detergent 80 133 330 550

0 20 M 34.9 36.8 31.5 27.8
5 15 N 33.8 38.3 32.3 28.4
10 10 0 33.9 35.5 35.1 29,5
P
E

15 32.4 36.5 36.1 32.0
20 0] 30.6 32.2 36.1 34,2

THIS REPORT RELATES ONLY TO THE PARTICULAR INSTRUMENT, MATERIAL, OR OTHER SUBJECT REFERRED TO IN IT. NO REPRESENTATION IS MADE THAT SIMILAR ARTICLES WILL
BE OF LIKE QUAUTY, WITHOUT THE PRIOR WRITTEN CONSENT OF THE ONTARIO RESEARCH FOUNDATION, NO PUBLICATION IN WHOLE OR IN PART OF THE TEXT OR SUBSTANCE OF THIS
REPORT SHALL BE MADE, NOR SHALL THE NAME OF THE ONTARIO RESEARCH FOUNDATION BE USED IN ANY WAY IN CONNECTION WITH THE SALE, OFFERING OR ADVERTI!SING OF ANY
ARTICLE OR PRODUCT, ANY TESTING, INSPECTION OR INVESTIGATION OF THE INGTRUMENTS, MATERIALS OR OTHER SUBJECTS PERFORMED BY ONTARIO RESEARCH FOUND\TION wiLL
OF CONDUCTYED IN ACCORDANCE WITH THE BEST TECHNICAL STANDARDS BY THL ONTARIO RESEARCH FOUNOATION BUT NEITHER IT NOR ITS EMPLOYEES SHALL BE RESPONS./BLE FOR
ANY LOSS5 OR DAMAGE RESULTING DIRECTLY OR INDIRECTLY FROM ANY DEFAUL!, FRROR OR OMISSION.
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Table IVc

Reflectance Values for Nylon STC (Original Reflectance = 24.,27%)

Water Hardness (ppm)

% Phosphate

% NTA (as Pp05) Detergent 80 133 330 550
20 0 1 63.7 63.4 39.8 31.0
15 5 Q 65.8 64.5 47,3 33.7
10 10 R 64.9 65.2 45,6 38.2

15 S 64,3 65.9 50.7 36.4
0 20 E 64.0 63.2 58.7 43,3

% NTA % Citrate Detergent 80 133 330 550
20 0 I 63.7 63.4 39.8 31.0
15 5 \ 66,2 60,0 43,2 35.5
10 10 U 65.6 54,8 34,9 31.3

5 15 T 66.0 52.9 36.9 31.1
0 20 M 62.9 56.3 35,1 29.3
Z
Phosphate % Citrate Detergent 80 133 330 550
0 20 M 62.9 56.3 35.1 29.3
5 15 N 64,7 58.0 41,2 33.9
10 10 0 64.4 58,2 44,5 32.5
15 P 64.6 55.2 48.0 35.6
20 0 E 54,0 63.2 58.7 43,3

THIS REPORT RELATES ONLY TO THE PARTICULAK INSTRUMENT, MATERIAL, OR OTHER SUBJECT REFERRED TO IN {7, NO REPRESENTATION IS MADE THAT SIMILARARTICLES WILL
BE OF LIKE QUALITY. WITHOUT THE PRIOR WRITTEN CONSENT OF THE ONTARIO RESEARCH FOUNDATION, NO PUBLICATION IN WHOLE OR IN PART OF THE TEXT QR SUBSTANCE OF THIS
REPORT SHALL BE MADE, NOR SHALL THE NAME OF THE ONTARIO RESEARCH FOUNDAT!ON BE USED IN ANY WAY IN CONNECTION WITH THE SALE, OFFERING OR ADVERTISING OF ANY
ARTICLE OR PROCUCT, ANY TESTING, INSPECTION OR INVESTIGATION OF THE {NSTRUMENTS, MATERIALS OR OTHELR SUBJECTS PERFORMED BY ONTARIO RESEARCH FOUNDATION WILL
8E CONCUCTED IN ACCORDANCE WITH THE BEST TECHNICAL STANDARDS BY THE ONTARIO RESEARCH FOUNDATION BUT NEITHERIT NOR 11S EMPLOYEES SHALL BE RESPONSIBLE FOR
ANY LOSS OR DAMAGE RESULTING DIRECTLY OR INDIRECTLY FROM ANY DEFAULT, ERROR OR OMISSION.
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Table Vc

Reflectance Values for Dacron STC (Original Reflectance = 25,0%)

% Phosphate Water Hardness (ppm)

% NTA (as Py05) Detergent 80 133 330 550
20 0 I 42,1 53.1 44,8 29.7
15 5 Q 44,6 50.5 51.0 38.1
10 10 R 40,7 45,7 51.9 40,7

5 15 S 35.6 41,9 51,2 48,3
0 20 E 33.4 35.6 50.4 51.4

% NTA %Z Citrate Detergent 80 133 330 550
20 0 I 42.1 53.1 44,8 29.7
15 5 A 47.5 50.5 42,9 30.1
10 10 U 48,2 49.5 42,6 28,7
5 15 T 51.1 51.1 41,1 30,5
0] 20 M 49,4 51.7 40,2 29.4
9

Phosphate %4 Citrate Detergent 80 133 330 550
0 20 M 49.4 51.7 40,2 29.4
5 15 N 47.0 50.7 44,9 34,3

10 10 0 42,7 49,5 51.1 41,6
15 5 P 34.4 47.9 49,6 45,3
20 0 E 33.4 35.6 50.4 51.4

THI5 REPORYT RELATES ONLY TO FTHE PARTICULAR INSTRUMENT, MATERIAL, OR OTHER SUBJECT REFERRED YO IN IT, NO REPRESENTATION IS MADE THAT SIMILAR ARTICLES WILL
BE OF LIKNE QUAUTY, WITHOUT THE PRIOR WRITTEN CONSENT OF THE ONTAR'O KRCSEARCH FOUNDATION, NO PUBLICATION IN WHOLE OR IN PART OF THE TEXT OR SUBSTANCE OF THis
REPORY SHALL BE MADE, NOR SHALL FHE NAME OF THE ONTARIO RESEARCH FOUNDATION BE USED IN ANY WAY IN CONNECTION WITH THE SALE, OFFERING OR ADVERYIS!NG OF ANY
ARTICLE OR FRODUCT. ANY TESTING, INSPECTION OR INVESTIGATION OF THE INSTRUMENTS, MATERIALS OR OTHER SUBJECTS PERFORMED BY ONTARIO RESEARCH FOUNDATION L AINN
BE CONDUCTED IN ACCORDANCE WITH THE BEST TECHNICAL STANDARDS 8Y THE ONTARIO RESEARCH FOUNDATION BUT NEITHER IT NOR ITS EMPLOYEES SHALL RE RESPONSISLE FOR
ANY LOS5S OR DAMAGE RESULTING DIRECTLY OR INDIRECTLY FROM ANY DEFAUL T, ERROR OR OMISSION,
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Table Vic

Reflectance Values for Orlon STC (Original Reflectance = 41.,9%)

Water Hardness (ppm)

% Phosphate

% NTA (as P05) Detergent 80 133 330 550
20 0 I 66.5 69.1 64,9 53.6
15 5 Q 67.9 67.8 68.5 55.6
10 10 R 66.5 67.5 68.6 55.5
5 15 S 67.9 67.7 69.1 64.4
0 20 E 66.8 67.5 68.4 63.9
% NTA % Citrate Detergent 80 133 330 550
20 0 I 66.5 69.1 64,9 53.6
15 5 \Y 66.9 70,1 67.5 51.6
10 10 U 67.3 68.8 65.6 53.5
15 T 69.2 69.6 64,7 52.3
0 20 M 67.4 67.6 60.5 49,7

Y
Phosphate % Citrate Detergent 80 133 330 550
0] ' 20 M 67.4 67.6 60.5 49,7
5 15 N 66,1 68.0 63.4 58.4
10 10 0] 66.0 68.2 67.2 56,7
15 5 P 66.5 66.8 66.7 61.2
20 0 E 66.8 67.5 68.4 63.9

The results of the above tables are recorded graphically in
Figures 1lc(I) to 6c(III).

P

M.J. Williams
Department of Textiles

ANY LOSS OR DAMAGE RESULTING DIRECTLY OR INDIRECTLY FROM ANY DEFAULY, ERROR OR OMISSION.
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Figure 1lc (1) COTTON CMS

Relationship Between Phosphate/NTA Content of
Detergent. and Cleaning Efficiency (% Retlectance)
at Ditferent Levels of Water lardness

A - Water Hardness = 80 ppm
B - Water Hardness = 133 ppm
C - Water Hardness = 330 ppm
D - Water Hardness = 550 ppm

35

NTA Content (%)

20 15 10 5 b
30 1 1 : |
0 5 10 15 20

Phosphate Content (7% P»05)
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Figure lc (II) COTTON CMS

Relationship Between NTA/Citrate Content of
Detergent and Cleaning Efficiency (% Reflectance)
at Different Levels of Water Hardness

>
o O o >
1

Water Hardness
Water Hardness
Water Hardness
Water Hardness

NTA Content (%)

80 ppm
133 ppm
330 ppm
550 ppm

20 15 10 5 0
L L [| L 1
L} i} || | 1
0 5 10 15 20

Citrate Content (%)
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Figure lc (I11) COTTON CMS

Relationship Between Phosphate/Citrate Content of
Detergent and Cleaning Efficiency (% Reflectance)
at Different Levels of Water Hardness

A - Water Hardness = 80 ppm
B - Water Hardness = 133 ppm
C - Water Hardness = 330 ppm
D - Water Hardness = 550 ppm
Citrate Content (%)
20 15 IP 5 0
L i
30 ¢ T 1 { {
0 5 10 15 20

Phosphate Content (7% Py0r)
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Figure 2c (I)  COTTON STC

40

Relat ionship Between Phosphate/NTA Content of
Detergent and Cleaning Erfficiency (% Retlectance) at Ditfferent Levels
of Water Hardness

30 -
C
D
& ™y Yo
25
A - Water Hardness = 80 ppm
B - Water Hardness = 133 ppm
C - Water Hardness = 330 ppm
D - Water Hardness = 550 ppm
NTA Content (%)
20 15 10 5 0
20 } ! Il 1 _d
1 [ Y
0 5 10 fS 5%

Phosphate Content (% Py0gq)
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Figure 2c¢ (11) COTTON S1TC

Relationship Between NIA/Citrate Content ot
Detergent and Cleaning Efticiency (% Reflectance)
at Different Levels of Water Hardness

30 p~
/C .
N f
25 L. e
)
A - Water Hardness = 80 ppm
B - Water Hardness = 133 ppm
C - Water Hardness = 330 ppm
D - Water Hardness = 550 ppm
NTA Content (%)
20 15 10 5 0
20 ! 1 1 -
r T 1 1 =1
0 5 10 15 20

Citrate Contrent (%)



Retlectance (%)

- 56 -

Figure 2c (II1)  COTTON STC

40

Relationship Between Phosphate/Citrate Content of
Detergent and Cleaning Efficiency (% Reflectance)
at Different Levels of Water Hardness

30 =
25 -
%
o
A - Water Hardness = 80 ppm
B - Water Hardness = 133 ppm
C - Water Hardness = 330 ppm
D - Water Hardness = 550 ppm
Citrate Content (%)
20 15 10 5 0
0 1 i | | —~
0 5 10 15 20

Phosphate Content (% P505)
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Figure 3c (1) DACRON/COTTON STC

Relationship Between Phosphate/NTA Content of
Detergent and Cleaning Efficiency (% Reflectance)
at. Different Levels of Water Hardness

A - Water Hardness = 80 ppm

B - Water Hardness = 133 ppm

C - Water Hardness = 330 ppm

D - Water Hardness = 550 ppm

Phosphate Content (% P205)

20 15 10 5 0
L | A 1 1
r T 1 T 1§
0 5 10 15 20

NTA Content (%)
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) Figure 3¢ (I1) DACRON/COTTON STC
I | 40
Relationship Between NTA/Citrate Conlent of
Detevpent and Cleaning Efficiency (% Retlectance)
l at Different Levels of Water Hardness
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35 =
I B ¢ - -
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D
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25
I A - Water Hardness = 80 ppm
B - Water Hardness = 133 ppm
I C - Water Hardness = 330 ppm
D - Water Hardness = 550 ppm
I NTA Content (%)
20 15 10 5 0
20 - : ! | —
0 5 10 15 20
Citrate Content (%)
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Figure 3c (I1I)  DACRON/COTTON STC

Relationship Between Phosphate/Citrate Content of
| Detergent and Cleaning Efficiency (% Reflectance)
at Ditferent Levels of Water Hardness
»
(:\' N
) A D
@ -
]
£ , ;
e 30 =
Q 0
e
5]
o 7
L
25 P
A - Water Hardness = 80 ppm
B -~ Water Hardness = 133 ppm
C - Water Hardness = 330 ppm
D - Water Hardness = 550 ppm
N Phosphate Content (% P,05)
15 10 5 0
1 : 1. 1 : 3
i R | ’ - 5 | e - —
5 10 ) 15 20

Citrate Content (%)




Reflectance (%)

- 60 -
Figure 4c (1) NYLON STC

Relationship Between Phosphate/NTA Content of
Detergent and Cleaning Efficiency (% Reflectance)
at Diftferent Levels of Water Hardness

“d
C
30
A - Water Hardness = 80 ppm
B - Water Hardness = 133 ppn
¢ - Water Harvdness = 330 ppm
D - Water tHardness = 550 ppn
NTA Content (%)
20 15 10 S 0
§
20 - T f + =
0 5 10 15 20

Phosphate Content (% P,0¢)
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Figure 4c¢ (II) NYLON STC

60

20 =

Relationship Between NTA/Citrate Content of
Detergent and Cleaning Efficiency (% Reflectance)
at Different Levels of Water Hardness

C
40
A
A - Water Hardness = 80 ppm
B - Water Hardness = 133 ppm
C - Water Hardness = 330 ppm
D - Water Hardness = 550 ppm
NTA Content (%)
20 15 10 5 Q
| - $
20 . }- =
0 5 10 15 20

CiLrate Content (%)
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Figure 4c (111) NYLON STC

Relationship Between Phosphate/Citrate Content of
Detergent and Cleaning Efticiency (% Reflectance)

at. Difterent

LLevels of Water Hardness

60 -

A - Water Hardness = 80 ppm
B - Water Hardness = 133 ppm
30 C -~ Water Hardness = 330 ppm
D - Water Mardness = 550 ppmn
Citvate Content (%)
20 15 10 5 0
— ' 4 L !
¥ T T L .
0 5 10 15 20

Phosphate Content (% P505)
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Figure 5c¢ (I) DACRON STC

Relationship Between Phosphate/NIA Content of
Detergent and Cleaning Efficiency (7 Reflectance)
a! Ditferent Levels of Water Hardness
B
—
—e ]
o
C [
Q
A
Q
o -
O
D
D
A - Water Hardness = 80 ppm
B - Water Hardness = 133 ppm
C - Water Hardness = 330 ppm
D - Water Hardness = 550 ppm
NTA Content (%)
20 15 10 5 0
L i ] ] 3
I 1 T f 1
() % 10 5 20

Phosphate Content (74 P05

)
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Figure 5c (I1)  DACRON STC

Relationship Between NTA/Citrate Content of
Detergent and Cleaning Efficiency (% Reflectance)
at Different Levels of Water Hardness

O
50

il -
c /
»’4(..=-—':'
30
—0
A - Water Hardness = 80 ppm
B - Water Hardness = 133 ppm
C - Water Hardness = 330 ppm
D - Water Hardness = 530 ppm
Citrate Content (%)

20 15 10 5 0]
204 i [} 1 —]
- r T L ] 1

0 5 10 15 20

NtA Content (%)
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Figure 5c¢ (I1I) DACRON STC

Relationship Between Phosphate/Citrate Content of
Detergent and Cleaning Efficiency (% Reflectance)
at Difterent Levels ot Water Hardness
8
O ]
50 A A
0
n
C
.
40 -
»
—
D
30 =
A - Water Hardness = 80 ppm
B - Water Hardness = 133 ppm
C - Water Hardness = 330 ppm
D - Water Hardness = 550 ppm
Citrate Content (%)

20 15 10 5 0
20 § | d L d
<k 1 T 1 -

0 5 10 15 20

Phosphate Content (% PZOS)
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Figure 6c (1) ACRILAN STC

Relationship Between Phosphate/NTA Content of
Detergent and Cleaning Efficiency (% Reflectance)
at Different Levels of Water Hardness

60
55
C
A - Water Hardness = 80 ppm
B - Water Hardness = 133 ppm
50 = C - Water Hardness = 330 ppm
-D - Water Herdness = 550 ppm
NTA Content (%)
20 15 10 5 0]
L 1 ) ] 4
r | Y T i
0 5 10 15 20

Phosphate Content (% P,05)
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Figure 6c (I1I) ACRILAN STC

Relationship Between NTA/Citrate Content of
Detergent and Cleaning Efficiency (% Reflectance)
at Different Levels of Water Hardness

Citrate Content (%)

- A - Water Hardness = 80 ppm
B ~ Water Hardness = 133 ppm
C - Water Hardness = 330 ppm
D - Water Hardness = 550 ppm
NTA Content (%)
15 10 5 0
! ] L
1 Y { B
5 10 15 20



Reflectance (%)

70

- 68 -

Figure 6c (III) ACRILAN STC

65

Relationship Between Phosphate/Citrate Content of
Detergent and Cleaning Efficiency (% Reflectance)
at Difterent Levels of Water Hardness

60
55
/ A - Water Hardness = 80 ppm
4 B - Water Hardness = 133 ppm
f C - Water Hardness = 330 ppm
f; D - Water Hardness = 550 ppm
Citrate Content (%)

20 15 1? 5 0
50 ! 1 i
| ] ) | |

0 S 10 ) 26

Phosphate Content. (7% PZOG)



1.0

2.0

- 69 -
EVALUATiON OF DETERGENT FORMULATIONS

Interim Report for Period April 29 - May 19, 1972

Summary

This part of the overall research program is concerned with the effect
of variation in tricomponent blends of NTA, phosphate and qitrate on detergency
efficiency. Several detergents, based on CGSB specifications, were prepared
containing between S and 15% of cach component in the blend. Their cleaning
ability was compared by laundering swatches of the soiled fabrics described
in our interim report of February 17, 1972. The water supplies used, the specimens
and replications, and the assessment of soil removal were also described in

that report.

The seven formulations investigated in this phase of the program are

described below.

Detergent Identification

W X Y Z a B Y
Cedepon S-85 25% 25% 25% 25% 25% 25% 25%
CMC D435 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Britesil C-20 10 10 10 10 10 10 10
Sodium Sulphate 38.3  26.5  26.5  30.2  30.2  22.7  22.7
NTA 7 5 15 15 10 10 5
STPP (astos) 7 10 10 5 5 15 15
Sodium Citrate 7 15 5 10 15 5 10

Results

The mean white light reflectance values after laundering the soiled
fabrics with detergents of different NTA, phosphate and citrate content at

different levels of water hardness are shown in Tables Id - VId.



L ’Ill

Reflectance Values fér Cotton CMS (Original Reflectance

TABLE Id

34, 8%)

%

Water Hardness (ppm)

% Phosphate %

NTA (as P2952 Citrate Detergent 80 133 330 550
7 7 7 W 42,2 38.8 35.2 33.3
5 10 15 X 44,8 40.9 36.8 34,8

15 10 5 Y 46,7 42,4 35.8 34,0

15 5 10 Z 44,3 41,0 35.0 34.5

10 5 15 a 44,2 41,1 35.2 34,2

10 15 5 B 45.5 44,9 37.9 34,2
5 15 10 ¥ 44,7 43,4 37.0 36.0

TABLE IId
- Reflectance Values for Cotton STC (Original Reflectance 18.1%)

Y Phoszhate Y | Water Hardness (ppm)

NTA (as Pzgsl Citrate Detergent 80 133 330 550
7 7 7 W 40,6 37.9 28.3 25.1
5 10 15 X 41.8 38.9 33.2 27.9

15 10 5 Y 42,5 38.4 33.7 26.4.

15 5 10 Z 39.6 41.5 30.6 26,5

10 5 15 a 39.9  39.3 30,3 25.7

10 15 5 B 41.8 41.0 37.0 29.0
5 15 10 kg 41,0 37.2 29.2

41.8
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TABLE IIId

Reflectance Values for Dacron/Cotton STC (Original Reflectance = 20,.5%)

7
Phosphate

%

Water Hardness (ppm)

NTA (as PZQS) Citrate Detergent 80 133 330 §§9~
7 7 7 W 33.8 37.6 35.3 28.2
5 10 15 X 32.9 35,6 38.3 31.5

15 10 5 Y 31.8 34,5 38.3 30.5

15 5 10 Z 33.2 36.1 36.0 29.0

10 5 15 a 33.6 35.9 36.1 29.6

10 15 5 8 32.8 32.5 37.4 34,6
5 15 10 33.5 33.2 37.1 33.3

TABLE Ivd
Reflectance Values for Nylon STC (Original Reflectance 24.,2%)
q Phoséhate % | Water Hardness (ppm)
NTA (as P2952 Citrate Detergent 80 133 330 550
7 7 W 63.8 63.5 - 40,4 29.7
5 10 15 X 63,7 63,7 51,2 36.4

15 10 5 Y 63.8 64,2 55,3 33.1

15 5 10 2 64,6 64,2 45,5 35.2

10 5 15 a 65,1 63.6 46,2 33.5

10 15 5 B 65.1 63.0 55.4 38.8
5 15 10 65.0 63.3 56.8 40,7

TABLE Vd
Reflectance Values for Dacron STC (Original Reflectance = 25,0%)
y Phosghate 9 Water Hardness (ppm)

NTA (as PZQSl Citrate  Detergent 80 133 330 550
7 7 7 W 43,2 50.6 52.2 3812
5 10 15 X 37,2 44,6 52.9 44,7

15 10 5 Y 32,9 39.4 54,4 42.7

15 5 10 z 43,3 47,5 54.3 39.8

10 5 15 a 46,2 50.3 51.9 39,6

10 15 5- 5] 36.3 35.5 54,4 51.5
5 15 10 36,6 41,3 54,0 50,2




1 '

TABLE VId

Reflectance Values for Orlon STC (Original Reflectance = 41,9%)

%

%

Citrate Detergent
7 W
15 X
5 Y
10 z
15 ol
5 B
10 A

Water Hardness (ppm)

67.4
66.4
67.6
67.2
67.6
67.3
67.0

133 330
68.3 64,2
67.3 68,3

| 67.4 68.6
68,0 67.7
67.5 68,7
68,6 69.5
67.9 69,2

550

54,4
61.8
59.3
60,1
55.7
66.4
65.1

The results of the above tables are recorded graphically in Figures

% Phosphate
NTA (as P2952
7 7
5 10
15 10
15 5
10 5
10 15
5 15
1d to 6d.
MIW

M. J. Williams
Research Scientist
Department of Textiles
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