Prithwiraj Mall,
Anindya Ghosh2,
Abhijit Majumdar3,
Debamalya Banerjee4

1National Institute of Fashion Technology,

Hyderabad - 500081, India
E-mail: prithwiraj_iitd@yahoo.co.uk

2Government College of Engineering
and Textile Technology,

Berhampore 742101, India

3Department of Textile Technology,
Indian Institute of Technology,
New Delhi 110016, India

4Department of Production Engineering,
Jadavpur University,
Kolkata 700032, India

B Introduction

Textiles have the key objective to protect
our body, especially from harmful UV
rays, by creating a shield around human
skin. The shield forms a micro-climate
in-between the textile inner-surface
and human skin. This micro-climate is
the decisive factor controlling the com-
fort feeling of the human body. A hot
and humid micro-climatic condition is
not desirable during summer, whereas
a cold micro-climatic condition is un-
acceptable during winter. Hence it is
required to maintain the micro-climate
at a desired level. During the summer,
heat and moisture in the micro-climate
have to be dissipated through textiles,
whereas during winter heat needs to be
entrapped to provide warmth to the body.
Hence the characteristics of textiles de-
cide the comfort through controlling the
rate of transmission of heat and moisture
through it. Knitted fabrics are very popu-
lar as summer-wear and active-wear due
to their high stretch-ability, breathability
and comfort properties [1]. The typical
porous structure of knitted fabrics pro-
vides high breathability and comfort
characteristics during summer. However,
high porosity increases the risk of UV

102

Engineering of Knitted Cotton Fabrics
for Optimum Comfort in a Hot Climate

DOI: 10.5604/12303666.1191434

Abstract

Cotton knitted fabrics are popular for summer-wear and outer-wear due to their comfort.
The typical porous structure of knitted fabrics, however, increases the risk of exposure of
human skin to UV rays, resulting in skin cancer. Therefore a trade-off is required between
the comfort and UV ray resistance of the fabric. In this study, an attempt was made to engi-
neer single jersey and 1 %1 rib knitted fabrics with optimum comfort and desired UV resist-
ance. It was found that 1 %1 rib knitted fabrics could provide better comfort and UV protec-
tion with respect to single jersey fabrics manufactured on the same gauge knitting machine.
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ray exposure. Although UV rays are re-
quired for Vitamin D synthesis in the hu-
man body [2 - 4], over-exposure to UV
rays causes erythema, sun-tanning and
skin-cancer (basal cell carcinoma and
melanoma) etc.[5 - 7]. Therefore a fabric
with a high comfort level but with mini-
mum UV resistance is not acceptable.
Hence a trade-off is required between the
UV resistance and comfort properties of
knitted fabrics. Engineering an optimum
comfortable fabric with the UV protec-
tion value desired thus becomes a chal-
lenging task. The UV resistance of a tex-
tile is expressed by UPF, which assesses
the degree of sunburn protection provid-
ed by fabrics. Textiles can be classified
under ‘good protection’ (UPF range 15 to
24), ‘very good protection’ (UPF range
25 to 39) and ‘excellent protection’ (UPF
more than 40) based on their UPF val-
ues [8, 9]. The UPF of a fabric depends
on the fibre type, yarn properties, tight-
ness factor or cover factor, areal density,
colour, finishing, etc. [10 - 16]. Several
studies have been done on the comfort of
knitted fabrics. Investigations were re-
ported on the effect of various parameters
(raw material, yarn properties and fabric
parameters) on knitted comfort proper-
ties like air-permeability, thermal-con-
ductivity, moisture management proper-
ties etc. Onfrei et al. [17] investigated
the effect of the knitted fabric structure
on comfort properties and concluded that
the raw material type and knitted struc-
ture parameters are the decisive param-
eters affecting fabric comfort properties.
Ramachandran et al. [18] investigated
the thermal behaviour of single-jersey,
rib and interlock knitted fabrics made out
of ring and compact yarns and inferred
that the thermal properties of knitted fab-
ric depends on the yarn type and various

fabric factors like fabric thickness, areal
density, the tightness factor of the fab-
ric etc. Oglakcioglu et al. [19] studied
the thermal behaviour of various knitted
structures viz. single-jersey, rib, interlock
made of polyester and cotton and inferred
that single-jersey fabric has the least ther-
mal-conductivity and thermal-resistance.
Ogulata et al. [20] developed a theoreti-
cal model correlating the fabric porosity
and air-permeability of single-jersey fab-
ric. An investigation was also reported on
the optimisation of knitted comfort prop-
erties. Marvuz and Ogulata [21] used dif-
ferent experimental designs to optimise
the air-permeability of interlock fabric.
Prediction of the thermal properties of
knitted fabrics was also studied. Fayala
et al. [22] tried to predict the thermal-
conductivity of knitted fabric using a soft
computing technique i.e ANN. However,
no attempt has been reported to engineer
a knitted fabric with the desired level of
comfort properties viz. air-permeability,
thermal-conductivity and UV ray protec-
tion i.e UPF. It is felt that it has become
an essential task to engineer a knitted
fabric with optimum comfort character-
istics with desired UV ray protection. In
this study, an attempt was made to engi-
neer single jersey and 1 x 1 rib knitted
fabrics with optimum comfort character-
istics for a hot climate that induce desired
protection against UV rays.

@ Materials and methods

Preparation of fabric samples

Single-jersey and 1 x 1 rib knitted fabric
samples were prepared using 100% cot-
ton gas mercerised yarn of three different
linear density 118.1 tex (5 Ne), 78.7 tex
(7.5 Ne) and 59.1 tex (10 Ne) on a 12
gauge computerised flat knitting machine
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equipped with a digitised stitch control
system to maintain the loop-length at
the desired level. In this experiment, four
variables, namely loop-length (X;), car-
riage-speed (X3), yarn-input-tension (X3)
and yarn linear density in the English
system (X,) were chosen, and for each
variable three levels were considered.
The coded levels and the actual values of
the variables are shown in Table 1.

Two types of knitted fabrics, single-jer-
sey and 1x1 rib, each of which consisting
of 36 samples, were prepared according
to the 4-variables and 3-levels Box and
Behnken orthogonal block design of ex-
periments, as cited below:

1 +1 =+ 0

1 +1 0 #1
1 0 +£1 #1
0 +1 +1 #1

A Washcator washing machine (China)
was used to wash all 72 knitted fabric
samples (36 single-jersey and 36 1 x 1
rib) according to the EN ISO 6330 stand-
ard for complete relaxation of the fabric
samples. The samples were conditioned
at a standard temperature of 20 + 2 °C and
65 + 4% relative humidity for 48 hours.
Then they were evaluated for air-permea-
bility, thermal-conductivity and the ultra-
violet-protection-factor (UPF). For each
of the 72 fabric samples, 10 readings
were taken for air-permeability, thermal-
conductivity and UPF, and their mean
values were considered.

Testing of fabric samples

Air-permeability tests were conducted
according to the ASTM D737 standard
using a TEXTTEST FX3300 air-perme-
ability tester (UK). A pressure gradient
of 100 Pa was maintained, in accordance
with the standard. The air-permeability
of a textile material is defined by the vol-
ume of air that passes through a unit
area of the material, in a unit time, under
a constant pressure gradient across it.

Thermal-conductivity tests were con-
ducted according to the ISO EN 31092
standard using an Alambeta instrument
(Sensora, Liberac, Czech Republic). Dur-
ing the measurement, the measuring head
temperature and contact pressure were
maintained approximately at 32 °C and
200 Pa, respectively. The thermal con-
ductivity of a textile material is its ability
to conduct heat through it, expressed by
the Equation 1.
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Table 1. Actual values of the factors and corresponding coded levels.

Coded Level
Variables Single jersey 1x%1 rib
-1 +1 -1 0 +1
Loop-length (X1), mm 6.6 7.0 74 5.09 5.39 5.69
Carriage-speed (Xz), m/s 0.25 0.6 0.95 0.25 0.45 0.65
Yarn-input-tension (X3), cN 6 10 6 8 10
Linear-density(Xy), tex (Ne) 118.1 (5) | 78.7 (7.5) | 59.1 (10) @ 118.1(5) | 78.7 (7.5) K 59.1 (10)

Table 2. Response surface equations of various parameters for single jersey knitted fabric.

Air-permeability

Quadratic 134.25 + 22.29X4 +
regression +111.49X, +9.60X1 Xy +
equations +10.36X32 + 25.94X,2
R2 0.99

Thermal-conductivity

38.85-0.78X1 —4.60Xy +

UPF

10.05 — 1.69X; — 7.69X4 +
+1.16Xy2 +1.32X:X4 +2.05X2

0.95 0.97

Table 3. Response surface equations of various parameters for 1*1 rib knitted fabric.

Air-permeability

Quadratic 48.93 + 13.05X; +

regression + 42.33Xy +
equations +6.26X1 Xy + 12.28X42
R2 0.99

Qh .
A= AMTE , in W/mK (1)
where, A is the thermal conductivity in
W/mK, O the quantity of heat conduct-
ed in J, & the thickness of the material
in m, 4 the area of the surface in m2,
At the temperature differential across
the material in K and ¢ is the time in s.

UPF tests were determined by an in-vitro
method according to the AATCC 183:
2004 standard using a Labsphere 200F.
The ultraviolet-protection-factor is a rat-
ing which indicates how effectively a
fabric blocks UV rays. The UPF of a fab-
ric sample was calculated using the fol-
lowing equation.

AR EMSMAW)
UPF =smoedsyt@am P

where, E(7) is the relative erythemal
spectral effectiveness, S(4) the solar spec-
tral irradiance in W/m2nm, 4/ = meas-
ured wavelength interval in nm, and
T(2) = average spectral transmittance of
the sample.

Response surface equations
of air-permeability, thermal-
conductivity and UPF

of the fabrics

To relate the independent controlled fac-
tors (loop-length, carriage speed, yarn-
input-tension and linear-density) with
the air-permeability, thermal-conductivi-
ty and UPF, a quadratic regression equa-

Thermal-conductivity

52.83 — 3.70X; +
—10.18X, + 2.22X42

UPF

59.97 — 19.45X; +
— 53.97X, + 17.42 X1X4
+19.97X,2

0.97 0.97

tion was developed. The general form of
the model is shown below:

Y=PFo+ P1Xs+ BoXz + B3Xz +
+PuXy + BsXaXo + PeX1X3 +
+B7X1 Xy + PgXoX3 + BoXoXa+  (3)
+BroX3 Xy + P11 XE + BiaXF+

+ P13 X5 + PraXZ

where, Y is the dependent variables, X7,
X>, X3 & X, the inputs to the model. and
B, B2 Pz ..., P14 are the regression co-
efficients. Significance tests were con-
ducted on the regression coefficients of
the quadratic regression models, where
only the regression coefficients, which
are significant at a 95% confidence limit,
were considered. The fitted quadratic
regression models along with the coeffi-
cient of determination (R?) of the single-
jersey and 1x1 rib fabrics are tabulated
in Tables 2 and 3, respectively. It is ob-
served that a higher R? shows a good fit
of the response surface equation to the
experimental data. It is obvious from 7a-
bles 2 and 3 that while the loop length
and linear density have a considerable
influence on air permeability, thermal-
conductivity and UPF, the yarn carriage-
speed has no significant impact on these
response variables. However, it is evi-
dent from Table 2 that only the square
term of the yarn-input-tension has a lit-
tle influence on the air-permeability of
single-jersey fabric; hence it is omitted
from the response surface equation. Thus
the modified response surface equation
of air-permeability for the single-jersey
fabric is given below:

103



Air permeability (single-jersey) =
134.25+22.29X + 111.49X, + (4)
+9.60X1.X4 +25.94X,2

Formulation
of the optimisation problem

Cotton knitted fabric is mainly suitable
for summer-wear, where a higher air-per-
meability value is desirable as the wearer
receives certain extended comfort by
means of the evaporation of sweat and
transmission of heat from the body to
the outer atmosphere through convection.
Once again higher thermal-conductivity
is also desirable for summer-wear to dis-
sipate heat from the body through con-
duction. Therefore in the case of cotton
knitted summer-wear fabrics, it is desira-
ble to optimise either air-permeability or
thermal-conductivity for better comfort.

Approach-1

In a first attempt, the air-permeability for
both types of knitted fabrics was con-
sidered as an objective function to be
maximised and the thermal-conductivity
was taken as a constraint function to be
retained at a desired level. The constraint
boundary was set using data collected
from literature and experience. The opti-
misation problem for single jersey fabric
was formulated as follows:

Maximize AP =134.25+22.29 X; +
+111.49 Xy +9.60 X1.Xy +25.94 X42

Subjected to 7C: 38.85 — 0.78 X| +
—4.60 X4+ 1.16 X42240
6.6>X;>74

5>X4>10

The optimization problem for double jer-
sey fabric was formulated as follows:
Maximise AP =48.93 +13.05 X; +
+42.33 X4 +6.26 X1.Xy + 12.28 X42

Subjected to 7C: 52.83 —3.70 X +
—10.18 X3 +2.22 X42 > 40
5.09>X;>5.69

5>X,>10

The solution for the optimization prob-
lem above is given in Table 4. In the case
of single jersey fabric, the maximum
value of air-permeability was obtained
as 114, with a value of thermal-conduc-
tivity of 40 at a 7.4 mm loop length and
90.3 tex (6.54 Ne) linear density. Where-
as for 1 x 1 rib fabric the maximum val-
ue of air-permeability was estimated as
122.85, with a value of thermal-conduc-
tivity of 41.17 at a 5.69 mm loop length
and 59.1 tex (10 Ne) linear density.
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Approach-2

In the second attempt, the thermal con-
ductivity for both types of knitted fabrics
was considered as the objective function
to be maximized, and the air permeability
was taken as a constraint function to be
retained at a desired level. The optimisa-
tion problem for single jersey fabric was
formulated as follows:

Maximise 7C =38.85-0.78 X7 +
—4.60 X4+ 1.16 X42

Subjected to AP: 134.25 +22.29 X +
+111.49 Xy +9.60 XX, +25.94 X42 >80
6.6>X;>74

5>X4>10

The optimization problem for double jer-
sey fabric was formulated as follows:
Maximise 7C =52.83 —3.70 X +
—10.18 X4 +2.22 X42

Subjected to AP =48.93 +13.05 X +
+42.33 X4+ 6.26 X1.X4 +12.28 X2 >80
5.09>X;>5.69

5>X,>10

Table 4 depicts the solution for the opti-
misation problem above. In the case of
single jersey fabric, the maximum value
of thermal conductivity was obtained as
42.2, with a value of air-permeability of
80 at a 7.4 mm loop length and 105.1 tex
(5.62 Ne) linear density. Whereas for
double jersey fabric the maximum value
of thermal conductivity was estimated as
48.99, with a value of air-permeability of
80 at a 5.09 mm loop length and 60.1 tex
(9.82 Ne) linear density.

The fabrics with optimal comfort prop-
erties obtained from the two approaches
mentioned above were evaluated for
the UPF to categorise them under ‘good
protection’ (15 > UPF > 24), ‘very good
protection’ (25 > UPF > 39) or ‘excellent
protection’ (UPF > 40). The UPF val-
ues of both types of knitted fabrics were
calculated with optimum solutions of
the loop length and linear-density using
the response surface equations given in
Tables 2 and 3. The corresponding values
of UPF are tabulated in Table 4.

It is evident from Table 4 that in the case
of single-jersey fabrics, both approach-
es 1 and 2 provide good comfort, with
TC > 40 and AP > 80. However, both
fabrics fail to provide ‘good protec-
tion’ against UV. Cotton knitted fabrics
with UV < 15 may not provide adequate
protection during summer with high so-
lar UV radiation. However, it is always
desirable to have ‘very good protection’

or ‘excellent protection’ against UV
considering the intense solar UV radia-
tion during summer. However, it is evi-
dent from the quadratic equation of UPF
and boundary values of the loop-length
and linear-density of single jersey fab-
ric that ‘very good protection’ cannot be
achieved. The typical porous and open
structure of single-jersey fabric allows
more UV rays through it.

1 x 1 rib fabrics provide the comfort level
desired, with TC > 40 and AP > 80, and
they are categorised as ‘good protec-
tion’ and ‘very good protection’ against
UV for approaches 1 and 2, respectively.
A rib fabric with optimal comfort and
‘very good protection’ against UV is al-
ways preferable.

In view of the fact above, a third ap-
proach to the optimization problem was
formulated for cotton knitted summer
fabric to have the minimum UV protec-
tion desired with optimum comfort prop-
erties (TC > 40 and AP > 80), as follows:

Approach-3

The optimisation problem for optimal
comfort with ‘good protection’ against
UV in the case of single jersey fabric for
summer wear was formulated as follows:
Minimise (UPF — 15)2

Subjected to 7C: 38.85 - 0.78 X; +
—4.60 X3+ 1.16 X42>40

AP: 1342542229 X; + 111.49 Xy +
+9.60 X1.X4 +25.94 X42 > 80
6.6>X;>74

The optimisation problem for optimal
comfort with ‘very good protection’
against UV in the case of 1x1 rib fabric
for summer-wear was formulated as fol-
lows:

Minimise (UPF-25)2

Subjected to AP: 48.93 + 13.05 X +
+42.33 X4 +6.26 X1 X4+ 12.28 X42 >80
TC:52.83-3.70 X1 —10.18 X4 +
+2.22 X42 > 40

5.09>X;>5.69

5>X,>10

The optimum UPF, thermal-conductivity,
air-permeability and corresponding solu-
tions of the loop-length and linear-densi-
ty using approach 3 are given in Table 4.
It is evident from the data that approach 3
ensures ‘good protection’ and ‘very good
protection” against UV rays with desired
comfort values in the case of single and
1 x 1 rib knitted fabrics, respectively.
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For the same gauge machine and linear-
density, 1 x 1 rib knitted fabrics provide
better comfort with more UV protection
than single jersey fabrics.

It is also evident from the equations
in Tables 2 and 3 that coarser yarn and
a smaller loop-length produce lower air-
permeability, higher thermal-conductivi-
ty and higher UPF and vice-versa. This
may be explained by the surface mass of
the fabric, which is a function of the loop-
length and linear-density. A higher sur-
face mass of the fabric produces a com-
pact structure, which resists air transmis-
sion and UV through it, and thus leads
to low air-permeability and higher UV
protection (UPF). Once again a compact
fabric structure results in a higher fibre
to pour ratio in the fabric and leads to
higher thermal-conductivity. However,
a relatively more porous structured fabric
will lead to higher air-permeability, low-
er UPF and lower thermal-conductivity.
A trade-off solution for air-permeability,
UPF and thermal-conductivity with de-
sired levels is possible at optimum val-
ues of the loop-length and linear-density
which are found to be neither the mini-
mum nor the maximum in the range of
the present experimental set-up.

Validation of optimisation problem

The optimization problem of approach-3
was considered for validation. For this
purpose, single-jersey and 1 x 1 rib knitted
fabric samples were made on the same 12
gauge computerised flat knitting machine
with a digitized stitch control system to
acquire the desired loop length. 100%
cotton gas mercerized yarns of 90.8 tex
i.e 6.5 Ne (6.45 Ne =~ 6.5 Ne) and 59.1 tex
i.e 10 Ne (9.99 Ne = 10 Ne), and loop-
lengths of 6.8 mm (6.76 mm = 6.8 mm)
and 5.5 mm (5.54 mm = 5.5 mm) were
used for single-jersey and 1 x 1 rib
knitted fabric samples, respectively.
The samples were washed for complete
relaxation and tested for air-permeability,
thermal-conductivity and UPF according
to the standard explained before. The val-
ues obtained and optimized values were
compared, with the results shown in
Table 5. 1t is evident from Table 5 that
the values of air-permeability, thermal-
conductivity and UPF obtained are very
close to the optimised values (with error
<5%) for both single-jersey and 1 x 1 rib
knitted fabrics.
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Table 4. Solutions for the optimization problems for three approaches

Fabric type Approach Objective Constraint | Optimum values Solution
AP =114 X1=7.4mm
Approach 1 | Maximize AP TC > 40 TC =40 X4=6.54 Ne
UPF =11.10 (90.3 tex)
AP =80 X1=7.4mm
Single-jersey | Approach 2 | Maximize TC AP >80 TC=42.20 X4=5.62 Ne
UPF =14.33 (105.1 tex)
R AP =80.95 X1=6.76 mm
Approach 3 | JATMEE, | JE2 40 TC = 4146 X4 = 6.45 Ne
= UPF =15 (91.6 tex)
AP =122.85 X1=5.69 mm
Approach 1 | Maximize AP TC>40 TC=41.17 X4=10 Ne
UPF =23.94 (59.1 tex)
AP =80 X1=5.09 mm
1x1 rib Approach 2 | Maximize TC AP >80 TC =48.99 X4=9.82 Ne
UPF =30.33 (60.1 tex)
R AP=1127 X1=5.54 mm
Approach 3 (U“’,QE'T'ZZS)Z ng gg TC = 43.08 X4 =9.99 Ne
= UPF =25 (59.1 tex)

Table 5. Optimised and fabric properties obtained: O = optimised value, A = achieved value.

Air-permeability

Fabric Optimised
type parameters o A Er‘;or,
(]
Single- 6.76 mm and .
jersey | 91.6 tex (6.45 Ne) 80.95 | 834 | 2.9%
Ix1rib | oo4mmand 4457 1082 | 4.2%

58.1 tex (9.99 Ne)

M Conclusions

A system of fabric engineering was es-
tablished to optimise comfort with de-
sired protection against UV rays for both
single-jersey and 1 x 1 rib knitted fab-
rics. The typical porous and open struc-
ture of single jersey and 1 x 1 rib knit-
ted fabrics provides better comfort, but
transmits more UV rays through it, thus
making it challenging to engineer knitted
fabrics with simultaneous high comfort
and UV protection. Quadratic regression
equations for air-permeability, thermal-
conductivity and UV were developed
and optimisation problems then formu-
lated for knitted fabric engineering to ob-
tain optimum comfort with desired UV
protection. Optimum solutions for the
loop-length and linear-density were then
evaluated for knitted fabrics with opti-
mum comfort and desired UV protection
level. The newly engineered fabrics were
developed using optimum combinations
of the loop-length and linear density.
The target and engineered fabric proper-
ties are found to be in proper harmony.
The single-jersey fabric can provide
TC > 40 and AP > 80 with ‘good pro-
tection’ against UV, whereas 1 x 1 rib
fabric can provide similar comfort with
‘very good protection’ against UV.
1 x 1 rib fabric provides better protection
from UV and comfort than single jersey
fabrics produced on the same machine
gauge. In this study, only the comfort

Thermal-conductivity UPF
Error, Error,
o A % (o] A %
4146 @ 401 | 3.4% 15 15.3 | 1.96%
43.08 @ 451 | 4.5% 25 259 | 3.5%

of summer fabrics were highlighted as
they were made with 100% cotton fibres,
which are mainly used for summer-wear.
Nevertheless, a separate similar study
can be accomplished using acrylic, wool
or blends of acrylic and wool for winter-
wear fabrics.

References

1. Chidambaram P, Govind R and Venka-
taraman K C. The effect of loop length
and yarn linear density on the thermal
properties of bamboo knitted fabric. Au-
tex Res J 2011; 11: 102-105.

2. Holick M F. Vitamin D: A millennium per-
spective. Journal of Cellular Biochemi-
stry 2003; 88: 296-307.

3. Holick M F. Resurrection of vitamin D
deficiency and rickets. Journal of Clini-
cal Investigation 2006; 116: 2062—-2072.

4. Pettifor J M. Nutritional rickets: Deficien-
cy of vitamin D, calcium, or both. The
American Journal of Clinical Nutrition
2004; 80: 1725S-17298S.

5. Mackie R M. Effects of ultraviolet radia-
tion on human health. Radiation Protec-
tion Dosimetry 2000; 91: 15-18.

6. Gallagher R P and Lee T K. Adverse
effects of ultraviolet radiation: A brief re-
view. Progress in Biophysics and Mole-
cular Biology 2006; 92: 119-131.

. Halliday G M, Norval M, Byrne S N, Hu-
ang X X and Wolf P. The effects of sun-
light on the skin. Drug Discovery Today
2008; 5: e201-e209.

8. ASTM D 6603-07:2007. Standard guide

for labelling of UV-protective textiles.

~

105



10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

106

AS/NZS 4399:1996. Sun protective clo-
thing — evaluation and classification.
Das B R. UV radiation protective clo-
thing. Open Textile Journal 2010; 3: 14-
21.

Majumdar A, Kothari V K, Mondal A K
and Hatua P. Effect of weave, structural
parameters and ultraviolet absorbers
on in vitro protection factor of bleached
cotton woven fabrics. Photodermatolo-
gy, Photoimmunology & Photomedicine
2008; 28: 58— 67.

Algaba | M, Pepio M and Riva A. Corre-
lation between the ultraviolet protection
factor and the weight and thickness of
undyed cellulosic woven fabrics. Fibres
& Textiles in Eastern Europe 2008; 16:
85-89.

Algaba | and Riva A. Influence of fibre
type and fabric porosity on the UPF of
summer fabrics. AATCC Review 2004:
26-31.

Morihiro Y, Eri F and Chie T. Effects of fi-
ber materials and fabric thickness on UV
shielding properties of fabrics. Journal of
Textile Engineering 2009; 55: 103-109.
Hang-kei S C, Chi-wai K, Jimmy K L,
Sun-pui N, Hong H and Chun-wah M Y.
Study on the relationship between UV
protection and knitted fabric structure.
Journal of Textile Engineering 2013; 59:
71-74.

Eddie L Y, Chi-wai K, Jimmy K L, Sun-
-pui N, Hong H and Chun-wah MY, The
relationship between ultraviolet protec-
tion factor and fibre content. Journal of
Textile Engineering 2013; 59: 83-86.
Onofrei E, Rocha A M and Catarino A,
The Influence of Knitted Fabrics’ Struc-
ture on the Thermal and Moisture Mana-
gement Properties. Journal of Engine-
ered Fibers and Fabircs 2011; 6: 10-22.
Ramachandran T, Manonmani G and Vi-
gneswaran C, Thermal behavior of ring
—and compact — spun yarn single jersey,
rib and interlock knitted fabrics. Indian
Journal for Fibre & Textile Research
2010; 35: 250-257.

Oglakcioglu N and Marmarali A, Ther-
mal Comfort Properties of Some Knitted
Structure. Fibres & Textiles in Eastern
Europe 2007; 15: 94-96.

Ogulata R T and Mavruz S, Investigation
of Porosity and Air Permeability Values
of Plain Knitted Fabrics. Fibres & Tex-
tiles in Eastern Europe 2010; 18: 71-75.
Mavruz S and Ogulata R T, Optimization
of Air permeability of Interlock Knitted
Fabrics Using Different Experimental
Design. Proceedings, 7th International
Conference TEXSCI 2010, Liberec,
Czech Republic.

Fayala F, Alibi H, Benltoufa S and Jemni
A, Neural Network for Predicting Ther-
mal Conductivity of Knit Materials. Jour-
nal of Engineered Fibers and Fabrics
2008; 3: 53-59.

Received 06.07.2015 Reviewed 07.09.2015

INSTITUTE OF BIOPOLYMERS
AND CHEMICAL FIBRES
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The Laboratory of Biodegradation operates within the structure of the In-
stitute of Biopolymers and Chemical Fibres. It is a modern laboratory with
a certificate of accreditation according to Standard PN-EN/ISO/IEC-17025:
2005 (a quality system) bestowed by the Polish Accreditation Centre (PCA).
The laboratory works at a global level and can cooperate with many institu-
tions that produce, process and investigate polymeric materials. Thanks to its
modern equipment, the Laboratory of Biodegradation can maintain coopera-
tion with Polish and foreign research centers as well as manufacturers and be
helpful in assessing the biodegradability of polymeric materials and textiles.

The Laboratory of Biodegradation as-
sesses the susceptibility of polymeric and
textile materials to biological degradation
caused by microorganisms occurring in the
natural environment (soil, compost and wa-
ter medium). The testing of biodegradation
is carried out in oxygen using innovative
methods like respirometric testing with the
continuous reading of the CO; delivered.

The laboratory’s modern MICRO-OXYMAX RESPIROMETER is used for
carrying out tests in accordance with International Standards.

The methodology of biodegradability testing has been prepared on the

basis of the following standards:

testing in aqueous medium: 'Determination of the ultimate aerobic
biodegrability of plastic materials and textiles in an aqueous medium.
A method of analysing the carbon dioxide evolved’ (PN-EN ISO 14 852:

2007, and PN-EN ISO 8192: 2007)

testing in compost medium: 'Determination of the degree of disinterga-
tion of plastic materials and textiles under simulated composting condi-
tions in a laboratory-scale test. A method of determining the weight loss’
(PN-EN 1SO 20 200: 2007, PN-EN ISO 14 045: 2005, and PN-EN ISO
14 806: 2010)

testing in soil medium: 'Determination of the degree of disintergation of
plastic materials and textiles under simulated soil conditions in a laborato-
ry-scale test. A method of determining the weight loss” (PN-EN ISO 11 266:
1997, PN-EN ISO 11 721-1: 2002, and PN-EN ISO 11 721-2: 2002).
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The following methods are applied in the as-
sessment of biodegradation: gel chromatography
(GPC), infrared spectroscopy (IR), thermogravi-
metric analysis (TGA) and scanning electron mi-
croscopy (SEM).
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