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1. Introduction 
The IIC STARFISH computer model for predicting the dimensions of finished knitted cotton fabrics 
contains no equations at present which are suitable for resin finished single jersey fabrics.  Since such 
finishing processes are becoming more popular it is probably desirable to collect the experimental data from 
which the appropriate equations can be developed. 

However, it is not a simple matter to collect the right data for resin finished single jersey for at least two 
reasons. 

a) The level of resin finishing (amount of fixed resin) is known to affect the outcome quite markedly in 
the case of 1 x 1 rib and interlock so it is assumed that the same will be true for plain single jersey.  
This means that trials have to be run at several different known levels of resin add-on under very well 
controlled conditions in order to establish the effect of resin content reliably: i.e. a large number of 
trials are required (at least 250 pieces of fabric). 

b) Plain single jersey cannot be reliably processed on the small scale (10-30 metre lengths) because of 
handling problems which are caused by varying levels of spirality when the necessary fabric quality 
changes are made. 

Because of these two difficulties it was feared that large scale trials would be prohibitively expensive 
whereas smaller scale operations would be insufficiently reliable. 

In addition, it was feared that the sensitivity of resin finishing to processing conditions (wet pick-up, fabric 
pH, fabric weight, fabric colour, stenter efficiency, time and temperature of drying/curing) could mean that 
even a relatively experienced and competent finisher might be unavoidably introducing so much extra 
variation into the product as to make STARFISH type predictions of limited value. 

Therefore it was decided to attempt to determine the amount of product variability which is actually being 
experienced by a competent manufacturer before deciding whether to embark on a full scale exercise to 
develop STARFISH equations for resin finished plain single jersey. 

The fabric chosen for investigation was a Marks and Spencer quality currently made from 1/30 Ne combed 
cotton, with a nominal stitch length of 2.72 mm.  It is supposed to be finished with about 35-40 g/l of resin 
and to be delivered with 58 courses by 42 wales per cm at a weight of 140 gsm and shrinkages not 
exceeding about 5% in both length and width. 

 

2. Summary of Results 
1. The greige fabrics sampled in this study were apparently produced to relatively high standards of 

quality control.  The basic variability in yarn count was about 1.6% CV and that in stitch length was 
0.9% CV. 

2. Most of the variation in stitch length was due to differences between individual knitting machines. 

3. The resin finishing process did introduce some extra variation but the finisher has been remarkably 
successful in containing this additional variation to a very low level. 

4. Considering the good levels of quality control which have apparently been achieved in both knitting 
and finishing, the variation which was found in these samples must represent levels which are 
practically almost unavoidable (i.e. due to normal random fluctuations in materials, processing and 
testing) and therefore should present a good guide to the tolerances which can reasonably be imposed 
by a customer. 

5. The actual levels at which tolerances should be set depends upon the evaluation methods used.  In the 
case where only a single sample is monitored, then the test values can not be expected to agree with the 
specification by closer than plus or minus about two standard deviations.  When the production is 
assessed on the basis of the average of multiple (at least 5) samples taken at random over a period of 
time, then agreement to within one standard deviation may be expected. 
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The results of this study allow the following approximate allowances to be deduced, expressed as 
percentage deviation from specification. 

  Courses Wales Weight 

 Single Sample 4.0 2.6 6.6 

 Multiple Samples 2.0 1.3 3.3 

6. The specification which has been laid down for this resin finished quality has been shown to be a fairly 
reasonable one.  However, the customer will have to exercise some latitude in width shrinkage, which is 
mathematically certain to be somewhat greater than the specified 5% if the fabric is to be delivered at 
the specified width. 

7. Resin finishing significantly changes the average dimensions of the fabric in the relaxed reference state 
whether compared to the dyed fabric or to the greige.  Thus a knowledge of the dyed or the greige 
reference states will be of little assistance in arriving at finishing targets or product specifications for 
resin finished goods.  As a rough guide, finishing factors have been calculated from the results of this 
study and were found to be as follows, compared to the greige reference state. 

  Courses Wales Weight 

 F  = 0.934 0.959 0.889 

In general the effect of resin finishing was to make the relaxed fabric slightly longer and somewhat 
wider.  This change in the reference state is responsible for improved shrinkage performance at a given 
fabric weight as compared to the un-resinated material. 

8. Yarn strength losses caused by the resin finishing averaged about 30% based on the dyed-only material. 

9. For these fabrics, the single-cycle tumble drying test for shrinkage does not seriously underestimate the 
final shrinkage after multiple cycles.  The discrepancy is only of the order of one percentage point. 

A single-cycle line drying test underestimates final shrinkage by up to 4 percentage points. 

10. Spirality is markedly reduced as a result of the finishing process so that final twisting in the garment is 
estimated to be only of the order of six degrees.  However the bulk of this improvement is brought 
about by the dyeing process with the resination contributing relatively little. 

11. Resin treatment alters the shade of the fabrics in a more or less predictable way, but the extent of the 
change is small. 

12. Free formaldehyde levels were found to average around 450 ppm (Shirley test) but the variation was 
rather high. 

13. With the possible exception of spirality, no differences were found in the performance of the two 
different resin systems.  Based only on the testing done in this study, the two systems seem to be 
interchangeable. 

14. The average bursting strength of the resinated material was about 435 KN/sq.m compared to about 560 
in the dyed-only fabric.  This represents a strength loss of about 22% but a part of this loss is accounted 
for by a change in weight per unit area of about 6%.  Thus the loss in strength per unit weight was only 
about 18% (12% after relaxation). 

 

3. Sampling & Testing 
All the samples for this study were obtained from Meridian Dyers and Finishers of Nottingham. 

 

Greige fabric 24 samples of greige fabric knitted on 24" and 26" diameter 
machines to a nominal stitch length of 2.72 mm with 1/30 Ne 
combed cotton yarns (Table 1). 



 5 

Dyed-only fabric 46 samples of dyed only fabrics in a range of colours (reactive, 
direct and optical white).  All dyed on Thies Softstream (Table 2). 

Resinated fabric 43 samples of fabrics treated with either Fixapret CPU or 
Permafresh ULF (Table 3) (For resin recipes see Table 4). 

40 of these fabric samples had been taken from pieces which had 
already been sampled in the dyed-only state. 

All of the above fabrics were submitted for testing and a complete set of test data is included (Tables 5 - 22). 

By using the following two equations it is possible to calculate the weight and shrinkage of a fabric and 
compare the result with that measured in the laboratory.  This enables a quick check for "rogue" test data to 
be made and allows an overall evaluation of the self-consistency of the test data. 

Weight Calculation 

Weight  =  Courses/cm . Wales/cm . Tex.x Stitch Length . 0.1 

Shrinkage Calculation 

Length Shrinkage   =  [Courses(AW) - Courses(BW)] / Courses(AW) 

Width Shrinkage  =  [Wales(AW) - Wales(BW)] / Wales(AW) 

The raw data obtained from the above 3 equations can be seen in Tables 23 - 25 and are summarised below 
where BW indicates the as-received (before wash) state and AW indicates the relaxed reference state (after 
5 cycles including tumble drying). 

 

  Measured Calculated Difference 

  Ave. Ave. % 

Greige (24 samples)     

Weight (gsm) BW 131.3 ± 4.3 126.1 ± 4.5 3.9 

 AW 173.4 ± 2.3 169.3 ± 6.5 2.3 

     

Dyed only (46 samples)     

Weight (gsm) BW 143.6 ± 1 5.5 147.0 ± 4.9 -2.4 

 AW 164.1 ± 3.7 167.6± 3.3 -2.1 

Shrinkage (%) Length 4.9 ± 1.5 4.1 ± 1.8 0.8 

 Width 8.4 ± 2.8 8.8 ± 2.8 0.4 

Resinated (43 samples)     

Weight (gsm) BW 135.0 ± 4.4 135.6 ± 5.2 -0.5 

 AW 154.1 ± 5.0 155.5 ± 6.0 -0.9 

Shrinkage (%) Length 5.3 ± 1.2 5.1 ± 1.4 0.2 

 Width 7.6 ± 1.1 8.0 ± 1.2 0.4 

 

On the whole, agreement between measured and calculated values is acceptable, indicating that the testing 
procedures are under reasonably good control.  The largest discrepancies appear in the greige fabric and the 
smallest in the resinated ones. 
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4. Variation Within Processing Groups 
The means, standard deviations and variation coefficients for all tests averaged over all samples are given in 
Tables 26 (greige), 27 (dyed only) and 28 (dyed and finished).  In addition, the finished samples are divided 
into those which were finished with Fixapret CPU (Table 29) and those which were finished with 
Permafresh ULF (Table 30). 

The average yarn count in the greige fabric was found to be 19.25 tex with a standard deviation of 0.31 and 
a coefficient of variation of 1.62%.  This compares reasonably well with the nominal count of 19.7 tex (30 
Ne).  The reason for the relatively low variation coefficient is that only a single yarn supplier has been used.  
These data are shown graphically in Figure 1. 

The average stitch length found in the greige fabric was 2.70 mm with a standard deviation of 0.024 and a 
variation coefficient of 0.9%.  Most of the variation was caused by differences between machines and 
especially by variation in machine No. 10 which appears to have been set up slightly long at the beginning 
of the trial (2.73 mm) and reset somewhat short towards the end (2.66 mm).  The other three machines did 
not vary by more than about 0.02 mm throughout the trial.  In spite of the extra variation introduced by 
machine No. 10, the overall level of variation in stitch length is low indicating careful control over the 
production. 

The summary statistics for the most important dimensional properties in the relaxed reference state have 
been extracted from Tables 26 to 30 and are given below. 

 

 

 Mean s.d. CV% 

Greige (AW) - 24 samples   

Courses 64.7 1.20 1.9 

Wales 46.8 1.40 3.0 

Weight 173.4 2.3 1.3 

Tex 18.9 0.36 1.9 

Stitch length 2.66 0.032 1.2 

Yarn strength 235.5 14.4 6.1 

   

Dyed only (AW) - 46 samples   

Courses 61.6 0.7 1.1 

Wales 48.4 0.58 1.2 

Weight 164.0 3.70 2.3 

Tex 19.0 0.36 1.9 

Stitch length 2.66 0.013 0.5 
Yarn strength 292.3 30.9 10.6 
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Resinated (AW) - 43 samples   

Courses 60.4 0.87 1.4 

Wales 44.9 0.57 1.3 

Weight 154.1 5.0 3.2 

Tex 19.3 0.53 2.8 

Stitch length 2.67 0.02 0.9 
Yarn strength 200.1 13.7 6.8 

Nitrogen (fixed) 0.31 0.12 38.3 

 

Resin 1 (Fixapret CPU) 18 samples   

Courses 60.3 0.85 1.4 

Wales 44.7 0.46 1.2 

Weight 151.5 3.6 2.4 

Tex 19.2 0.38 2.0 

Stitch length 2.66 0.017 0.62 

Yarn strength 191.3 10.1 5.3 
Nitrogen (fixed) 0.30 0.07 23.1 

 

Resin 2 (Permafresh ULF) 25 samples   

Courses 60.5 0.90 1.5 

Wales 45.1 0.55 1.2 

Weight 155.9 5.0 3.2 

Tex 19.4 0.61 3.1 

Stitch length 2.68 0.03 0.9 

Yarn strength 206.4 12.5 6.0 
Nitrogen (fixed) 0.32 0.15 46.0 

 

The levels of variation found in the reference state give an indication of:- 

a) The amount of variations in measured weight and shrinkage to be expected between different pieces of 
fabric all finished to the same width and courses. 

b) The accuracy with which tests on an individual sample or group of samples can be predicted by the 
STARFISH model.  An individual sample may return test values anywhere within 2 standard deviations 
of the predicted values (which are predictions of the mean).  The average of tests on 5 or more different 
pieces will lie anywhere within ±1 standard deviation. 
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Looking at the variation coefficients for these relaxed dimensions we may conclude as follows. 

1. Although the variation in relaxed courses, wales and weight is greater for the resinated samples than for 
the dyed-only ones, the differences are quite small so that the resination process itself is not introducing 
much additional variation.  There is nothing to choose in this respect between the two different resin 
systems. 

2. The average levels of relaxed courses, wales and weight are significantly different as a result of resin 
finishing. 

Courses change from 61.6 to 60.4 per 3cm.  Wales change from 48.4 to 44.9 per 3cm.  Weight changes 
from 164 to 154 gsm 

3. These changes in relaxed dimensions mean that, if resinated and unresinated samples were to be 
finished to the same width and courses then, on the average, length shrinkage would be slightly less and 
width shrinkage would be markedly less in the resin finished goods. 

For example the average courses and wales in the resinated fabrics as delivered were 57.3 and 41.3 per 
3cm respectively, from which the average shrinkages (5WTD) can be calculated as 5.1% in length and 
8.0% in width.  Actual measured values were 5.3% and 7.6% (Table 28).  If unresinated fabric were to 
be finished to the same courses and wales (i.e. roughly the same weight per unit area) then the 
calculated average shrinkages would be 7% in length and 14.7% in width. 

4. The customer specification laid down for this resinated fabric is 58 courses by 42 wales with a weight 
of 140 gsm, and shrinkages of about 5% by 5%.  The validity of this specification can be checked by 
starting from the relaxed reference dimensions and scaling up according to a) the required courses and 
wales, or b) according to the required weight and width, or c) according to the required shrinkages. 
Thus for example, using method a) 

Ref. Courses /3cm  =   60.4  

Spec. Courses /3cm  =   58 

Therefore, length shrinkage  =  3.9% 

 

Ref. Wales /3cm  =   44.9 

Spec. Wales /3cm  =   42 

Therefore width shrinkage  =  6.5% 

 

Ref. Weight, gsm  =   154  

Shrinkage  =    3.9 x 6.5 

Therefore finished weight  =  138.4 gsm 

Thus the specification is not absolutely correct but is certainly very close, maybe as close as is 
practicable. 

5. Since the knitting production has been shown to be under good control (as judged by the variation in 
yarn count and stitch length), the variations in the finished relaxed reference dimensions can be used to 
arrive at reasonable tolerances for the customer's specification.  The coefficients of variation for the 
courses, wales and weight in the relaxed, resinated fabrics were found to be 1.4%, 1.3%, and 3.2% 
respectively. 

Therefore without any allowance whatsoever for variations in the as-delivered courses and wales (an 
impossible situation in practice) both manufacturer and customer must accept that measurements from 
any one individual piece may lie anywhere within ± 2 times the CV; i.e. ± 2.8% for courses, ± 2.6% for 
wales, and ± 6.4% for weight. 
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When some allowance is made for inevitable variations in finishing these tolerances will naturally need 
to be set higher. 

6. In fact the finisher appears to have done a remarkably good job in containing these extra variations 
since the variation coefficients for courses, wales and weight in the as delivered state are only 2.0%, 
1.3%, and 3.3% respectively.  The actual measured values of courses, wales and weight are charted in 
Figures 3, 4, and 5 compared to the specific targets and typical tolerances. 

It should perhaps be noted that larger variations (especially in the weight) would almost certainly have 
been found if this manufacturer had been receiving yarn from more than one spinner or if samples of 
the same nominal quality had been taken from more than one manufacturer. 

 

5. Yarn Strength 
The average loss in strength caused by the resin finish was about 30% based on the dyed-only fabrics, or 
15% based on the greige, and this is analysed further in the table below. 

 

 Dyed only Resin 1 Difference Resin 2 Difference 

 g g % g % 

Reactive      

BW 261.6 193.7 26 200.9 23 

AW 268.6 193.0 28 206.5 23 

Direct      

BW 308.3 192.2 38 198.8 35 

AW 308.1 193.1 37 208.0 32 

Optical White      

BW 294.6 184.8 37 190.1 35 

AW 310.6 188.6 39 199.7 36 

 

There are no significant differences between the two different resin systems but there was a significant 
difference in strength loss between fabrics dyed with reactive dyes and fabrics that were either optical white 
or direct dyed.  However, this difference is only due to the fact that fabrics which were reactive dyed were 
actually weaker before resin finishing - the final strength is about the same for all classes after resination. 

 

6. Finishing Factors 
 Average Relaxed Reference Dimensions 

  Courses Wales Weight 
  /3cm /3cm gsm 

 Greige 64.72 46.83 173.4 

 Dyed Only 61.56 48.39 164.0 

 Resin Treated 60.42 44.92 154.1 

 Fixapret CPU 60.3 44.7 151.5 

 Permafresh ULF 60.5 45.1 155.9 
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These data confirm that measurements made on relaxed greige fabrics are in themselves of little value in 
predicting the final finished dimensions.  However, it has been proposed that in the absence of more 
comprehensive data, if a new single jersey fabric is to be made (i.e. with a different yarn count and stitch 
length) for resin finishing with a similar finishing recipe, then the so-called finishing factors (F factors) may 
be helpful and there is a limited amount of experimental evidence to support this proposition. 

The F factors are arrived at by calculating the ratios of finished relaxed courses, wales and weight to those 
of the grey relaxed fabrics.  Thus for the present study the F factors are as follows: 

 Dyed Resinated 

 courses 0.951 0.934 

 wales 1.033 0.959 

 weight 0.946 0.889 

Thus, when a new quality is produced it is only necessary to carry out the reference relaxation procedure 
upon (several samples of) the greige fabric and to multiply the average measured courses, wales and weight 
by the appropriate finishing factors in order to arrive at a rough prediction for the average dyed and/or resin 
finished reference state.  Once the finished reference state is known, then a preliminary specification and 
finishing targets can easily be deduced by scaling up to the as-delivered dimensions. 

 

7. Shrinkages 
Comparisons were made of the shrinkage values which were returned after 1 wash and line drying, or 1 
wash and tumble drying, or the standard reference relaxation procedure (5 cycles with tumble drying).  Plots 
of all the data are given for the resin finished samples in Figures 6, 7 and 8.  In Figures 9 and 10 the results 
of the single-cycle tests are compared to those after 5 cycles with tumble drying.  The table below 
summarises the averages from the different test methods. 

 

 1WLD (a) 1WTD (b) 5CTD (c) Difference 

 mean s.d. mean s.d. mean s.d. (b-a) (c-b) 

Length         

Dyed 0.8 1.6 3.8 1.5 4.9 2.8 3.0 1.1 

Resin 1 2.5 1.4 4.7 1.3 5.2 1.0 2.2 0.5 

Resin 2 2.4 1.0 4.9 1.1 5.4 1.4 2.5 0.5 

All resin 2.5 1.2 4.8 1.2 5.3 1.1 2.3 0.5 

Width         

Dyed 6.6 2.7 7.9 2.7 8.4 2.8 1.3 0.5 

Resin 1 5.7 1.2 6.8 1.1 7.3 1.1 1.1 0.5 

Resin 2 6.3 0.9 7.4 1.0 7.9 1.1 1.1 0.5 

All resin 6.1 1.1 7.2 1.2 7.6 1.1 1.1 0.4 

 

From these data we can deduce that, for the fabrics on average, the single-cycle line dry test may be 
underestimating final shrinkage at the consumer level by 3 to 4 percentage points in the length and 1.5 to 2 
points in the width.  The single cycle tumble dry test underestimates by only 0.5 to 1 percentage point in 
both length and width. 

The shrinkages specified by the customer (5 x 5 after one tumble dry cycle) have been met with reasonable 
consistency in the length (the most important direction) but have been generally overshot in the width 
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(which is presumably less critical).  In any case, reference back to the discussion of the specification in 
Section 4.4. will show that, if the finisher provides the specified width, then the specified width shrinkage is 
bound to be exceeded. 

Here again, there was no significant difference in the performance of the two different resin systems. 

 

8. Effect of Processing on Spirality 
Spirality is defined as the angle, in degrees, between the wales and a line drawn perpendicular to the 
courses.  It is always present in plain jersey fabrics made from singles yarns and although the fabric may be 
temporarily straightened by the finisher, the garment will always tend to return to the relaxed, spiralled state 
after laundering.  Thus the spirality before washing (BW) is a measure of the success of the finisher in 
presenting a straight fabric to the maker up, but the increase in spiral angle in the reference state (AW) is an 
indication of how much the garment will twist in use. 

A twisting effect of about 5 degrees has been said to be acceptable and it has been claimed that resin 
finishing will reduced the spiral angle in the relaxed state. 

The table below summarises the measurements which have been made on these fabrics, and the individual 
results are charted in Figure 11. 

 

Spiral Angle (degrees) 

 

 As Received Relaxed Twisting 

 Mean (a) s.d. Mean (b) s.d. (b-a) 

Greige 10.2 3.4 15.3 4.8 5.1 

Dyed 3.3 2.4 8.8 1.7 5.9 

Resinated 2.5 1.3 8.4 1.7 5.9 

      

Fixapret 2.0 0.9 7.2 1.1 5.2 

Permafresh 2.9 1.4 9.3 1.5 6.4 

 

From these results it appears that the finisher has been rather successful in presenting a straight fabric since 
the spiral angle in the finished fabrics averages only 2.5 degrees with a standard deviation of only 1.3.  
Relaxation causes the spiral angle to increase to an average of 8.4 degrees i.e. there is a twisting effect of 
about 6 degrees.  Processing has had a clear influence upon spirality since the value in the greige was over 
15 degrees.  However, most of this improvement was already apparent after dyeing with only an 
insignificant further reduction as a result of the resin treatment.  There is an indication that the Permafresh 
resin system was slightly less effective than the Fixapret but the difference is very small and might not be 
borne out by closer investigation. 

The pattern of results in the greige fabrics is rather interesting since it implies that there are at least two and 
maybe three populations of samples, one with an average spiral angle of about 19 degrees, one at about 14 
degrees, and one at about 6 degrees!  It is interesting to speculate on the sources of these differences in the 
greige, and whether they are responsible for any of the variations found within dyed and within resinated 
samples.  A further trial with a different design would be necessary to discover the source of these 
differences and to see whether any practical use could be made of them.  Inspection of Tables 5 to 7 shows 
that differences can not be attributed to differences in yarn twist levels. 
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9. Change in Shade 
From the red, green and blue measurements made in the laboratory the standard parameters L, A, B, C, X, 
Y, and Z have been calculated and are listed in Tables 31 and 32 for reference purposes only, since no 
analysis has been attempted for this report. 

In addition, however the colour difference, δE, between corresponding dyed and resinated pieces has been 
calculated and these values are given in the last data column of Table 32.  For those colours where more 
than one sample was available, the δE values have been grouped according to colour and averaged. 

The individual values are charted in Figures 12 and 13 and are summarised below. 

 δE 
  N Mean s.d. 

 Yellow (y) 12 0.9408 0.6271 

 Navy (n) 11 0.8927 0.3053 

 White (w) 9 1.0044 0.4299 

 Grey (g) 2 0.6 - 

 Pink (p) 2 0.685 - 

 

It can be seen from the above table that the changes in shade are relatively small and they seem to be 
randomly scattered over the different colours and dyestuff classes. 

 

10. Free Formaldehyde Content 
The Permafresh ULF resin is supposed to be a low formaldehyde product so it was considered useful to 
compare the two resin systems from this point of view.  Free formaldehyde was measured by the Shirley 
Institute method using aqueous extraction. 

In addition, the nitrogen content was measured as received and after washing since obviously the amount of 
free formaldehyde will be related to the total amount of resin and to the efficiency of fixation.  Total and 
fixed nitrogen contents were measured by the Kjeldahl method. 

Individual results are charted in Figures 14, 15, and 16.  Averaging these data over resin systems yields the 
following table. 

 

 Fixapret CPU Permafresh ULF 

 Mean s.d. Mean s.d. 

Formaldehyde, ppm 409.4 131.8 471.4 189.9 

Total N, % 0.36 0.10 0.35 0.16 

Fixed N, % 0.30 0.08 0.32 0.15 

 

There is no significant difference between the free formaldehyde contents for the two resin systems and 
certainly no indication that the Permafresh type is superior. 

However, the nitrogen contents can not be taken at face value since inspection of Table 33 will show that 
some of the measured total nitrogen contents are more than double the amount to be expected from a 35 g/l 
bath of Fixapret CPU or a 40 g/1 bath of Permafresh ULF. 

Obviously, the dyestuff is contributing to the nitrogen content and this effect is illustrated in Figures 17 and 
18.  Obviously the higher nitrogen contents are associated with the deeper shades and the reactive dyes. 
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Some supplementary measurements on a few of the dyed-only samples yielded nitrogen contents of from 
0.04% for whites up to 0.6% for a navy. 

Because of the confounding effect of the dyestuff - and presumably also of other impregnation bath 
components - it is not possible to deduce the reproducibility of the resin application and fixation from 
nitrogen contents without a much more comprehensive testing regime. 

 

11. Bursting Strength 
Bursting strength was measured on the Heals model 111 tester with a diaphragm of 3 cm diameter.  The 
units of measurement are KN/sq.m.  The individual data are charted in Figure 19 and are summarised in 
Table 34. 

As in the case of the yarn strength (Section 5), we see that reactive-dyed materials tend to be slightly weaker 
in the dyed-only state but slightly stronger after resin finishing.  Although these differences are not 
statistically significant, they are consistent and they result in a lower calculated % strength loss for the 
reactive dyed fabrics. 

Strength loss as a result of resin finishing (compared to the dyed-only fabrics) averages about 22% in the as-
delivered state and 18% after the reference relaxation procedure.  This is lower than the 30% loss found in 
the yarns.  Moreover, a significant portion of this loss in burst strength is due to the change in weight per 
unit area (averaging about 6%) caused by the resin finish.  Figure 20 shows a plot of burst strength against 
weight where the trend of increased strength for increased weight can be seen.  Thus, to isolate the influence 
of the resin finish we can calculate the strength/weight ratio.  Averaged over all colours this ratio works out 
at 3.9 for the dyed-only fabrics and 3.2 for the resin finished ones respectively in the as-received state.  
After relaxation the corresponding figures are 3.4 and 3.0. 

The loss in strength/weight ratio as a result of resin finishing is thus only about 18% as received or 12% 
after relaxation. 

If the original fabric were to be reconstructed so that the weight per unit area after resin finishing was 
similar to that of the present fabric without resin, then the strength of the new resin finished material could 
be expected to be somewhat higher.  For example, considering the reference state data, if the reference 
weight after resin finishing were to be 165 gsm instead of 154, then the bursting strength would be about 
165 x 3.0 = 495 KN/sq.m. (instead of 458). 

Since, in general, the resin finished fabrics have been delivered at weights slightly below the specified 140 
gsm, there may be some scope for improving the burst strength by increasing the reference weight. 

The table also records the coefficients of variation in strength and in weight for the three dyestuff classes.  
Note that resin finishing results in a pronounced increase in the variation of strength but little or no change 
in the variation of weight.  Figures 21, 22, and 23 show that this extra variability is not due to the different 
dyestuff classes nor to the different colours or depths of shade.  It must presumably therefore be attributed to 
variability in the resin finish itself either as variations in resin add-on or in the degree of cure (time, 
temperature, pick-up, catalyst, stenter efficiency).  However, even with this extra variation, the variation 
coefficients are not excessively high for resin finished materials. 

In general, the fabrics which were finished with the Permafresh resin system show slightly higher bursting 
strengths and slightly heavier weights than the Fixapret series. 

Although these differences are not statistically significant they are consistent over all colour classes both as-
received and relaxed. Most, but not quite all, of the difference in strength is accounted for by the difference 
in weight which suggests that the Fixapret system is slightly more efficient in curing the applied resin. 
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