EXPERIMENTAL

Metis type crust leathers were used for the application of two thermochromic pigment dispersions (TMC
Hallcrest, England) providing color change at 15°C and 31°C. They were applied at the base coat of the
finishing process by the addition of a commercial UV absorber and crosslinker in the finishing process.
Thermochromic pigments were microencapsulated in the form of water-based dispersion with the
following features: solid content 48+2%, granule size 97% <6um, pH 5.0-5.5, 1-2 light fastness [1,7].

Prior to finishing applications, crust leathers were dyed with a suitable base colors (yellow and red) to
ensure the transition from one color to another. After drying and mechanical processing, finishing
processes with thermochromic pigments were applied to leathers.

Thermochromic and conventional pigment proportions were selected as 2:1 for the finishing applications
[1,7] and 40 units UV absorbent was used along with the pigment application at the base coat. At the top
coat of the finishing procedure, four different proportions (15, 20, 50 and 70 units) were used with and
without crosslinker application.

Sampling and conditioning were performed in accordance with according to the standards of ISO 2418
and ISO 2419 respectively [8,9].

The accelerated ageing tests were performed under two different conditions (only heat; 24h at 600C and
the combination of heat and moisture; 24h at 500C and 90% humidity) in accordance with TS EN ISO
17228 [10]. The color measurements and color change of the thermochromic leathers were determined by
a Minolta CM-3600d spectrophotometer prior and subsequent to ageing.

The color change effect acquired on the leathers was determined by spectrophotometric measurements
performed by Minolta CM-3600A (Konica, Japan). Measurements were performed according to the CIE
Lab color system. These measurements were carried out separately for cold and touch activity leathers in
duplicates and were given as mean value + standard deviation.

RESULTS AND DISCUSSION

The color change of thermochromic leathers aged artificially under the conditions of 24h at 60°C (6A)
were evaluated according to L*a*b coordinates and the results are shown in Table 1 and 3 (gives the
results when thermochromic leathers are inactive) and Table 2 and 4 (gives the results when
thermochromic leathers are active)

Table 1. The color values of touch activity leathers in the inactive form under the ageing conditions of 6A

Trials 61? L a b dE
Ageing
Before 73.27+0.41 -2.93+0.48 66.59+1.08 72.21+0.57
After 73.35+0.33 -2.57+0.15 66.78+0.21 71.86+0.10
Before 73.27+0.54 -2.56+0.35 66.41+1.10 72.03+0.88
After 73.52+0.40 -2.424+0.06 67.31+0.43 72.30+0.30

Before 72.33+1.71 -3.01+£0.92 59.05+1.84 65.16+1.00

B2 Aft
er 71.27+1.21 -3.09:+0.40 58.38+1.82 64.99+1.14
Before 73.09+0.10 -2.58+0.55 59.89+0.25 65.57+0.23

B1

B1.C

B2.C After 69.81+0.87 -2.18+0.62 56.56+0.78 63.95+0.40
B3 Before 71.11+0.84 -3.29+0.67 56.90+2.60 63.74+1.95

After 71.73+0.66 -3.67+0.16 57.59+1.11 64.09+1.19
B3.C Before 71.24+£1.15 -3.28+0.09 56.88+1.46 63.65+1.14

After 71.46+0.65 -3.20+0.30 57.90+1.06 64.47+0.94
15 Before 72.5+0.58 -3.75+0.30 56.92+1.45 63.16+1.32




After 71.58+0.66 -2.84+0.66 57.96+0.98 64.45+0.59
Before 71.37+0.32 -3.32+0.91 56.28+1.48 63.04+1.31

I5.C —Sfer 70.7840.62  -3.25+0.73  55.95+0.48  63.01+0.31
20 Before  72.19+0.38  -3.39+0.36  57.1340.83  63.46+0.63
After 71.89+024  -2.77+0.61 57.9140.62  64.27+0.53

soc _Before 70924093  3.13+042 55774107 62.79+0.61
: After 71514032 -3.254030  56.81+0.45  63.46+0.42
50 Before  71.79+042  -2.97+0.83  57.15+1.67  63.64+1.50
After 71.66£0.33  -2.85+0.52  56.68+1.76  63.27+1.47

soc _Before  7113£0.69  -3.26+0.71 55974227  62.89+1.93
: After 71.8740.44  -3.93+0.62  57.32+42.14  63.81+1.72

o Before ~ 71.46%0.46  -3.5040.64  56.88+1.19  63.57+0.94
7 After 71.63+0.30 2.93+1.46  58.02+0.94  64.49+0.88
s0.c Before 7152032 -3.66+0.39  56.61+235  63.30+2.12

After 71.40+0.90 -3.69+0.77 56.74+2.29 63.47+2.29

Touch activity leathers were maintained the thermochromic characteristics after the ageing performed
under only heat effect and this effect was still reversible.

Table 2. The color values of touch activity leathers in the active form under the ageing conditions of 6A

Trials 61} L a b dE
Ageing
Bl Before = 73.27+0.41  -2.93+0.48 66.59+1.08  72.21+0.57
After 73.35+£0.33  -2.57+0.15 66.78+0.21  71.86+0.10
B1.C Before  73.27+0.54  -2.56+0.35 66.41+1.10  72.03+0.88
’ After 73.52+0.40  -2.42+0.06 67.31+£0.43  72.30+0.30
B2 Before  55.44+£0.26 24.26+1.44 34.90+0.46 61.06+£0.49
After 55.36+1.32 23.02+2.44  35.20+£2.07  60.90+0.71
B2.C Before  55.54+0.55  24.57+0.66  34.71+0.40  61.00+0.34
After 55.04+0.56  22.17+0.73  34.85+1.08  60.54+0.48
B3 Before  58.29+0.48  20.31+0.71  38.3840.84  59.74+0.80
After 58.54+1.10  19.21+£1.27  38.31+0.56  59.18+1.06
B3.C Before  58.08+1.43  19.9840.86  37.42+0.76  59.16+0.79
After 58.21£1.60  19.41+£2.38  38.47+1.40  59.61+0.93
15 Before  59.79+0.8 17.87£1.70  39.34+0.38  58.58+0.88
After 57.90+£1.35  20.60+0.71  37.87+1.84  59.82+0.13
15.C Before  58.04+0.78  19.58+1.77  36.85+0.34  58.69+1.29
After 58.36+0.25  18.10+£0.60  37.93+0.60  58.69+0.33
20 Before  59.06+0.62  18.98+1.01  38.36+0.40  58.77+0.49
After 58.29+1.25  20.36+1.27  38.14+1.27  59.64+0.54
20.C Before  58.62+0.58  18.28+0.78  38.07+0.46  58.64+0.48
) After 65.61+£7.08  7.20+12.35  48.14+9.89  61.10+2.52
50 Before  58.80+1.12  19.05+1.80  38.39+0.28  58.99+1.48
After 59.60+0.41 18.29+1.11  39.09+1.34  58.67+1.16
50.C Before  58.23+1.02  18.46+2.37  38.00+0.38  58.96+1.46
) After 59.01+£0.35  18.65+£1.29  38.64+1.42  58.89+1.22
70 Before  58.45+1.26  18.60+2.40  38.53+1.02  59.21+1.04
After 58.49+1.12  19.74+0.97  38.97+1.79  59.84+0.81
70.C Before  58.04+2.21 18.69+£3.65  37.96+1.20  59.20+£1.92

After 59.10£2.25  17.81£2.86  38.82+1.10  58.73+2.24




Similarly, in active and inactive forms of cold activity leathers the lightness, redness and blueness values
of the leathers were found close which was the significance of no change before and after heat ageing.

Table 3. The color values of cold activity leathers in the inactive form under the ageing conditions of 6A

Trials 61? L a b dE
Ageing
Bl Before 35.7240.71  39.58+1.90  14.13+0.54  75.84+0. 41
After 35.92+40.19  39.72+0.46  14.57+£0.61  76.05+0.55
B1.C Before 35.85+£0.41  38.72+0.71 13.58+0.69  75.15+0.52
) After 35.86+£0.26  38.69+0.46  13.98+0.25  75.46+0.20
B2 Before 38.42+0.42  40.25+0.40 11.07+0.86  73.40+0.58
After 37.9840.67  40.17+0.85 11.89+0.15  74.11+0.21
B2.C Before 38.20+£0.56  39.49+0.79  10.88+0.72  73.13+0.63
) After 38.02+0.27  39.42+0.47 11.46+0.41  73.59+0.27
B3 Before 38.97+0.65  38.51+0.63 9.31+1.44 71.71£1.31
After 39.16+1.55  38.39+0.14  9.82+1.06 71.85+1.37
B3.C Before 38.99+0.41  38.49+1.78  9.37+1.49 71.71+1.16
After 38.39+0.14  38.18+1.40 10.27+0.87  72.46+0.76
15 Before 38.48+1.05  38.24+0.64  9.46+1.26 72.00+1.31
After 38.76+£0.38  38.78+0.46  10.15+0.44  72.45+0.41
15.C Before 38.2840.52  36.82+1.29  8.97+1.13 71.35+0.87
After 38.30+£0.36  37.78+0.46  9.91+0.14 72.26+0.13
20 Before 39.20+0.92  38.21+0.97  8.49+0.43 71.25+0.20
After 39.61+0.61  39.23£0.77  9.9140.55 71.95+0.12
20.C Before 38.73+£0.58  37.84+1.11  9.02+1.28 71.51+1.00
After 38.92+0.43  38.47+0.14  9.39+0.43 72.04+0.45
50 Before 37.76+1.08  36.70+1.01  8.92+0.53 71.72+0.62
After 39.59+£2.01  36.76+0.48  8.95+0.62 70.52+1.92
50.C Before 38.52+0.29  37.90+0.66  9.23+0.79 71.75+0.71
After 38.13+£0.65  38.09+1.20  10.23+0.39  72.62+0.29
70 Before 38.2+0.36 38.00+£1.08  9.57+1.42 72.12+1.29
After 38.51+£0.96  38.95+0.22  10.51+0.80  72.79+0.82
70.C Before 37.86+£0.50  37.14+1.26  9.65+0.98 71.96+1.02

After 38.60+0.18  38.60+1.17  10.33+0.57  72.50+0.78

Table 4. The color values of cold activity leathers in the active form under the ageing conditions of 6A

Trials 61? L a b dE
Ageing

Before 35.72+£0.71  39.58+1.90  14.13+0.54  75.84+0.41

Bl After 35.92+40.19  39.72+0.46  14.57+£0.61  76.05+0.55
B1.C Before 35.85£0.41  38.72+0.71  13.58+0.69  75.15+0.52
) After 35.86+£0.26  38.69+0.46  13.98+0.25  75.46+0.20
B2 Before 29.77+£0.65  19.89+2.22  -1.224+0.29  72.04+0.09
After 29.17+1.01 19.52£2.09  -1.34+0.43 72.55+0.48

B2.C Before 30.14+£0.99  19.96+1.44 -0.80+0.86  71.70+0.54
After 29.73+0.81 18.49+3.34  -1.26+0.32 71.77+0.31

B3 Before 30.59+£0.95  20.54+1.74  -1.92+0.60  71.46+0.42
After 31.2842.35  21.06+2.63  -1.83+0.72 71.00+1.37

B3.C Before 30.85+£0.43  21.06+0.71  -1.69+0.13 71.33£0.32

After 29.95+0.61 19.47+£1.24  -2.15+0.39 71.77+£0.29




Before 29.25+0.54  20.7843.57  -2.35+0.57 72.85+1.39

15 After 30.47+£0.42  20.25+0.74  -2.03+1.09 71.49+0.36
15.C Before 30.50+£0.52  19.75+1.90  -1.71+0.45 71.31+0.62
After 30.16+£0.37  18.96+0.70  -2.08+0.37 71.44+0.26
20 Before 31.12+40.37  22.14+0.93  -2.89+0.34 71.43+0.46
After 32.44+1.92  25.20+4.05 -0.30+£2.79 71.34+0.44
20.C Before 31.13£0.60  20.85+2.05  -1.78+0.38 71.03+0.30
After 30.384¢0.51  21.09£2.00  -2.87+0.28 71.86+0.65
50 Before 30.23+£0.97  20.79+1.39  -1.93+0.35 71.86+0.54
After 32.36+3.28  23.87£3.49  -0.25+2.01 70.92+2.03
50.C Before 30.56+0.45  20.65+1.25  -2.08+0.29 71.50+0.27
After 29.1840.69  18.40+1.40 -1.58+0.29 72.22+0.43
70 Before 30.36+1.11  20.34+3.04  -2.43+0.26 71.66+0.29
After 29.52+1.53  19.04+2.95  -2.36+0.23 72.13+0.62
70.C Before 30.12+0.58  19.06+0.86  -1.85+0.57 71.47+0.48

After 29.09+£1.19  18.18+1.96  -2.24+0.36 72.28+0.84

The color change of thermochromic leathers aged artificially under the conditions of 24h at 50°C and 90%
humidity (7A) were evaluated according to L*a*b coordinates and the results are shown in Table 5 and 7
(gives the results when thermochromic leathers are inactive) and Table 6 and 8 (gives the results when
thermochromic leathers are active)

Table 5. The color values of touch activity leathers in the inactive form under the ageing conditions of 7A

Trials 61? L a b dE
Ageing
Before 73.27+0.41 -2.93+0.48  66.59+1.08  72.21+0.57
After 73.77+0.23 -2.23+0.05  67.49+0.40  72.38+0.32
Before 73.27+0.54 -2.56+£0.35  66.41+1.10  72.03+0.88
After 73.28+0.76 -1.88+0.46  66.59+1.24  71.71+£0.96

Before 72.33+1.71 -3.01+0.92  59.05+1.84  65.16+1.00

B2 Aft
er 71.72+0.74 23.1240.20 58.15+1.63 64.60+1.14
Before  73.09+0.10 -2.58+0.55  59.89+0.25  65.57+0.23

B1

B1.C

B2.C After 70.38+1.35 -2.24+0.63  57.81+1.76  64.85+0.97
B3 Before 71.11+0.84 -3.29+£0.67  56.90+£2.60  63.74£1.95
After 72.19+0.88 -3.72+0.18  58.47+0.34  64.72+0.32

B3.C Before 71.24+1.15 -3.2840.09  56.88+1.46  63.65+1.14
After 71.68+0.72 -3.47+£0.05  57.8240.60  64.32+0.68

15 Before 72.5+0.58 -3.75¢0.30  56.92+1.45  63.16+1.32
After 71.35+0.78 -2.47+£0.26  57.50£1.02  64.13+0.62

15.C Before 71.37+0.32 -3.32+0.91  56.28+1.48  63.04+1.31
After 70.99+0.67 -3.45+0.64  55.95+0.79  62.95+0.76

20 Before 72.19+0.38 -3.39+0.36  57.13+0.83  63.46+0.63
After 71.84+0.71 -3.62+0.27  57.27+1.09  63.77+0.77

20.C Before 70.92+0.93 -3.13+0.42  55.77+1.07  62.79+0.61
) After 71.71+0.13 -3.09+0.30  57.07+0.51  63.61+0.51
50 Before 71.79+0.42 -2.97+0.83  57.15+1.67  63.64+1.50
After 71.19+0.90 -2.87£0.74  56.86+x1.87  63.65+1.43

50.C Before 71.13+0.69 -3.26+£0.71  55.97+2.27  62.89+1.93
) After 71.77+0.42 -3.84+0.56  57.03+2.37  63.61+1.98
0 Before 71.46+0.46 -3.50+0.64  56.88+1.19  63.57+£0.94

After 71.56+0.42 3.13£1.29 57.72+1.44  64.28+1.45




Before 71.52+0.32 -3.66+£0.39  56.61+2.35  63.30+£2.12

70.c After 70.90+0.89 -3.63+0.58  56.67+2.53  63.64+2.47

The touch activity leathers in the inactive form protected their thermochromic effect after the ageing
performed under heat and humidity however the similar results couldn’t be determined for the touch
activity leathers in their active forms.

Table 6. The color values of touch activity leathers in the active form under the ageing conditions of 7A

Trials 61? L a b dE
Ageing

Before 73.27+£0.41  -2.93+0.48 66.59+1.08  72.21+0.57

Bl After 73.77£0.23  -2.2340.05 67.49+£0.40  72.38+0.32
B1.C Before 73.27£0.54  -2.56+0.35 66.41£1.10  72.03+0.88
) After 73.28+£0.76  -1.88+0.46  66.59+1.24  71.71+0.96
B2 Before 55.44+0.26  24.26+1.44  34.90+0.46 61.06+0.49
After 61.73£1.46  14.73£3.06  43.34+1.79  59.40+0.40

B2.C Before 55.54+0.55  24.57£0.66  34.71+0.40  61.00+0.34
After 61.62+2.26  13.51+4.55 44.46+3.46  60.15+0.43

B3 Before 58.29+0.48  20.31+0.71  38.38+0.84  59.74+0.80
After 62.38+0.90  14.19£2.49  43.96+2.25 59.32+0.65

B3.C Before 58.08+1.43  19.98+0.86  37.42+0.76  59.16+0.79
After 62.82+1.81 12.7542.55  44.82+1.48  59.34+0.55

15 Before 59.79+0.8 17.87£1.70  39.34+0.38  58.58+0.88
After 61.96+£1.59  14.58+1.11  43.51£2.15  59.30+0.38

15.C Before 58.04+0.78  19.58+1.77  36.85+0.34  58.69+1.29
After 62.85+£0.93  11.61+1.31  44.02+2.26  58.44+1.07

20 Before 59.06+£0.62  18.98+1.01  38.36+0.40  58.77+0.49
After 61.43+1.61 15.46+£2.00 42.08+1.95 58.82+0.42

20.C Before 58.62+0.58  18.28+0.78  38.07+0.46  58.64+0.48
) After 63.87£1.89  11.44+£3.39  45.43£2.73  58.97+0.57
50 Before 58.80+1.12  19.05+1.80  38.39+0.28  58.99+1.48
After 61.76+£0.56  14.36+1.82  42.93+0.97 58.91£1.20

50.C Before 58.23+£1.02  18.46+2.37  38.00+0.38  58.96+1.46
) After 62.40+0.68  12.994£2.33  43.56+0.75 58.66+1.44
70 Before 58.45+£1.26  18.60+2.40  38.53+£1.02  59.21+1.04
After 60.66+£0.75  16.26+0.62  41.87+1.70  59.34+1.15

70.C Before 58.04+2.21 18.69+£3.65  37.96+1.20 59.20+1.92

After 60.30+2.02 15.5443.13  41.38+1.64 59.09+1.94
The cold activity leathers in their inactive form had color change effect after the ageing performed under
heat and humidity however no similar results were found for their active forms.

Table 7. The color values of cold activity leathers in the inactive form under the ageing conditions of 7A

6A

Trials . L a b dE
Ageing

Bl Before 35.7240.71  39.58+1.90  14.13+0.54  75.84+0. 41
After 36.1940.20  40.01+0.36  14.49+0.70  75.934£0.45

B1.C Before 35.85+£0.41  38.72+0.71 13.58+0.69  75.15+0.52
After 36.16+£0.17  39.44+0.34  14.08+£0.10  75.57+0.13

B2 Before 38.42+0.42  40.25+0.40  11.07+0.86  73.40+0.58
After 38.20+0.48  39.68+0.61 11.57+0.27  73.56+0.13

B2.C Before 38.20+£0.56  39.49+0.79  10.88+0.72  73.1340.63

After 37.78+0.55  38.89+1.00 11.28+0.22  73.44+0.19




Before 38.97+0.65  38.51+0.63  9.31+1.44 71.71+1.31

B3 After 38.03+£0.85  37.26+0.63  9.71+0.44 72.15+0.61
B3.C Before 38.99+40.41  38.49+1.78  9.37+1.49 71.71+1.16
After 37.91+£0.72  37.17+0.80  9.52+0.43 72.18+0.56

15 Before 38.48+1.05  38.24+0.64  9.46+1.26 72.00+1.31
After 37.83£0.51  37.37+0.91  9.82+0.46 72.40+0.35

15.C Before 38.2840.52  36.82+1.29  8.97+1.13 71.35+0.87
After 38.35+£0.62  37.55+0.38  9.38+0.34 71.98+0.49

20 Before 39.20+£0.92  38.21+0.97  8.49+0.43 71.25+0.20
After 39.40+0.57  38.21+0.34  9.27+0.36 71.43+0.37

20.C Before 38.73+£0.58  37.84+1.11  9.02+1.28 71.51+1.00
After 38.41+£0.46  37.75£0.60  9.20+0.25 72.01+0.12

50 Before 37.76+1.08  36.70+1.01  8.92+0.53 71.72+0.62
After 39.24+0.67  37.04+0.67  9.41+0.40 70.97+0.72

50.C Before 38.52+0.29  37.90+0.66  9.23+0.79 71.75+0.71
) After 37.93£0.57  37.82+0.78  10.06+0.34  72.58+0.37
70 Before 38.2+0.36 38.00+£1.08  9.57+1.42 72.12+1.29
After 38.07£1.06  37.81£1.77  10.23+0.14  72.49+0.20

70.C Before 37.86+£0.50  37.14+1.26  9.65+0.98 71.96+1.02

After 37.62+£0.45  37.23£1.28  10.06+0.80  72.53+1.08

Table 8. The color values of cold activity leathers in the active form under the ageing conditions of 7A

6A

Trials . L a b dE
Ageing
Bl Before 35.7240.71  39.58+£1.90  14.13+0.54  75.84+0. 41
After 36.19+£0.20  40.01+0.36  14.49+0.70  75.934£0.45
B1.C Before 35.85+£0.41  38.72+0.71 13.58+0.69  75.15+0.52
After 36.16+£0.17  39.44+0.34  14.0840.10  75.57+0.13
B2 Before 38.42+0.42  40.25+0.40  11.07+0.86  73.40+0.58
After 30.51+£0.26  21.29+048  -0.07+0.26 71.68+0.27
B2.C Before 38.20+£0.56  39.49+0.79  10.88+0.72  73.1340.63
) After 30.33+0.37  20.10£1.01  -0.03%+0.19 71.51+0.18
B3 Before 38.97+0.65 38.51+0.63  9.31+1.44 71.71£1.31
After 30.69+£0.88  20.62+0.37  -1.28+0.62 71.32+0.82
B3.C Before 38.99+£0.41  38.49+1.78  9.37+1.49 71.71+1.16
) After 29.78+0.61 19.30£1.38  -1.78+0.33 71.84+0.52
15 Before 38.48+1.05  38.24+0.64  9.46+1.26 72.00+1.31
After 30.43+£0.16  20.03+0.91  -1.42+0.54 71.41+0.29
15.C Before 38.2840.52  36.82+1.29  8.97+1.13 71.35+0.87
After 30.80+0.84  20.54+1.64  -1.70+0.53 71.21+0.36
20 Before 39.20+0.92  38.21+0.97  8.49+0.43 71.25+0.20
After 33.4842.05  26.51+4.43  0.48+2.94 70.82+0.26
20.C Before 38.73+£0.58  37.84+1.11  9.02+1.28 71.51+1.00
After 30.54+0.31  20.80£1.24  -2.40+0.24 71.54+0.10
50 Before 37.76+1.08  36.70£1.01  8.92+0.53 71.72+0.62
After 33.03£2.27 25.30+4.14  1.07£3.20 70.80+0.66
50.C Before 38.52+0.29  37.90+0.66  9.23+0.79 71.75+0.71
After 29.4140.75  19.67+£1.53  -1.89+0.10 72.30+0.93
70 Before 38.2+0.36 38.00+£1.08  9.57+1.42 72.12+1.29
After 29.94+0.97  19.1242.80  -1.64+0.35 71.67+0.21
70.C Before 37.86+£0.50  37.14+£1.26  9.65+0.98 71.96+1.02

After 29.74+1.05  18.61+0.25  -1.62+0.30  71.68+0.99




CONCLUSION

In this study, the accelerated ageing properties of thermochromic leathers were investigated performed
under two different ageing conditions. As a result of the color measurements, no negative effect was found
on touch and cold activity thermochromic leathers under the 6A ageing conditions and the thermochromic
effect was still found. However, lower color measurements were determined from some control groups
including thermochromic pigments but with the addition of UV absorbent and crosslinker no significant
difference were found in color values after the heat ageing (6A). The best result was found by the use of
50 units UV absorbent in the top coat of the finishing process. The color measurements performed after
the ageing 7A showed that thermochromic effect had a slight decrease. But these results were based on the
numerical data and when these thermochromic leathers were evaluated subjectively it can be clearly seen
that thermochromic effect was still existed.
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ABSTRACT

In leather industry; upholstery leather types are used in different areas such as seat upholstery,
automobile upholstery, aircraft upholstery, yacht upholstery and steering wheel upholstery. According
to the environmental conditions where the leathers are used, these leathers should provide some
strength and fastness values. In this research, increasing the fastness values of automotive steering
wheel’s leathers was aimed. For this purpose, six pieces chrome tanned split crust steering wheel
leathers without applied finishing process were used. Different formulations were applied to the
leathers by changing the chemicals and their proportions in the finishing formulations using for
increasing the fastness values. After that, to-and-fro rubbing tests with dry, wet, seawater, glass
cleaner agent, isopropyl alcohol/deionized water were done according to TS EN ISO 11640 method
for the determination of the colour fastness of leathers with applied finishing process. Then, colour
measurements were taken by spectrophotometer from finished leathers before and after rubbing test.
According to findings; it was detected that colour fastness values of the leathers produced by using F1
finishing recipe better than values of the leathers produced by using F2 and F3 finishing recipes.

INTRODUCTION

Upholstery leather is generally used for covering furniture and decoration products. In the leather
sector, various upholstery leather types are produced which are used in different areas such as
furniture, automobiles, airplanes, yachts and steering wheel. When this leather is used as final
products, they should be able to meet some durability and fastness values according to the conditions
of the environment.

In order to meet these desires that will enhance the quality of life of the users, the leather producers
and researchers conduct various studies and make efforts to preserve these properties during the
lifetime of the leather.

The leather produced as automotive upholstery can be classified as wet-white, chrome, vegetal, semi
vegetal and combinations of these in terms of their processing. Since the automobiles in which these
types of leathers are used are durable consumer goods, it is desired that the upholstery leather used in
these automobiles maintain their long lifetime and desired properties during the lifetime (Karavana et
al., 2012).

The leather used in the automotive sector can be classified as automotive upholstery and steering
upholstery. In addition to the comfort and luxury features of the upholstery leather used for covering
the steering wheel, they are expected to provide the necessary safety during the use of the vehicle.

Looking at the production of steering wheel, the metal frame of the steering wheel is covered with a
polymer material, and the steering wheel upholstery leather is coated on this polymer material. If the
friction between the polymer material and the leather falls below a certain value, or if any physical
change occurs, this affects the use and reduces safety.

Considering the deformation experienced in the steering wheel upholstery leather, prominent features
are the features such as perspiration fastness feature to eliminate the perspiration that occurs as a result



of long contact with the hand, good grip on the steering wheel to provide life term and driving safety,
minimum stretching feature to ensure no gaps, physical durability requirements and rubbing fastness
feature to prevent deformations that may occur due to friction.

In addition, during the use of upholstery leather in automobiles, the leather is extensively exposed to
external factors such as temperature, sunlight, sweat and humidity. It is not desired to have any
adverse effects on the leather due to these types of factors that develop over time. In order to prevent
automotive upholstery leather from being affected by adverse conditions and maintain necessary
features, a high level of production quality is required.

In this research, different finishing formulations were applied to the upholstery leather produced to use
as automobile steering wheel leather, and some changes in fastness values were tried to be detected.

EXPERIMENTAL
Material

In the research, we have used as the research material a total of 3 split crust, chrome tanned calf
leather (semi-finished product- tanned, dyed but not finished) intended to use as automobile steering
wheel leather which were supplied from Sesa Industry and Trade Limited Company which operates in
the Organized Leather Industry Zone in Menemen district of [zmir province.

Method

Before the automobile steering wheel leather used in the research was subjected to finishing,
according to Beck and Rowlands (1970), since two half leathers obtained after being cut in parallel to
the ridgeline of a leather showed bilateral symmetry, they were divided into 2 equal parts parallel to
the ridgeline. 2 leathers were randomly selected from the half leathers and 3 groups were formed and
each of the half leathers was numbered separately.

Finishing Process of Leathers

Three different finishing recipes given in Table 1, 2 and 3 were applied to the research materials, i.e.
split crust steering automobile wheel leathers (semi-finished product- tanned, dyed but not finished)
and the leather was made ready-to-use finished leather.

Table 1. F1 Coded Finishing Recipe Applied to Automobile Wheel Leathers

PRODUCT MIXTURE RATIO APPLICATION
A B C D

Founder 1930 1000

Water 100

Reticolante 1360 20 A | Impregnation:
Gemata 21 SS roller
10 g/sqft

Neofilm LE 1990 600 Sandblast 120°C

Isocryl HR 1905 200

Isocryl HR 1893 100

Ceranil D 1188 10

Pigments mix 150 B | Base Coat:

Reticolante 1904 25 Gemata 21 G x 2

Hydrofix matt 1725 850 850

Hydrofix 1900 150 150

Ceranil D 1188 10 15

Reticolante 1904 40 100

Pigments mix 50 30 C |Pigment Coat: 1 x




AZ 10 Emboss Federica 130°C
Top Coat:
1 x with 30 pp Pigments
1 x clear
Table 2. F2 Coded Finishing Recipe Applied to Automobile Wheel Leathers
PRODUCT MIXTURE RATIO APPLICATION
A B C D
Founder 1930 1000
Water 100
Reticolante 1360 20 Impregnation:
Gemata 21 SS roller
10 g/sqft
Neofilm LE 1990 600 Sandblast 120°C
Isocryl HR 1905 200
Isocryl HR 1893 100
Ceranil D 1188 10
Pigments mix 150 Base Coat:
Reticolante 1904 25 Gemata 21 G x 2
Hydrofix matt 1725 850 850
Hydrofix 1900 150 125
Ceranil D 1188 10 15
Reticolante 1904 40 80
Pigments mix 50 30 Pigment Coat: 1 x
AZ 8 Emboss Federica 130°C
Top Coat:
1 x with 30 pp Pigments
1 x clear
Table 3. F3 Coded Finishing Recipe Applied to Automobile Wheel Leathers
PRODUCT MIXTURE RATIO APPLICATION
A B Cc D
Founder 1930 1000
Water 100
Reticolante 1360 20 Impregnation:
Gemata 21 SS roller
10 g/sqft
Neofilm LE 1990 600 Sandblast 120°C
Isocryl HR 1905 200
Isocryl HR 1893 100
Ceranil D 1188 10
Pigments mix 150 Base Coat:
Reticolante 1904 25 Gemata 21 G x 2
Hydrofix matt 1725 850 850
Hydrofix 1900 150 100
Ceranil D 1188 10 15
Reticolante 1904 40 60




Pigments mix 50 30 C |Pigment Coat: 1 x
AZ 6 Emboss Federica 130°C
D |Top Coat:
1 x with 30 pp Pigments
1 x clear

A rubbing test was carried out to obtain some fastness values of each finishing recipe and to determine
the optimum automobile steering wheel leather finishing recipe.

Colour Measurement of Leathers

In order to determine the colour change in numbers after the rubbing processes, Konica Minolta CM
3600d spectrophotometer connected to the computer was used. D65 illuminant and 10° standard
observer (CIE, 1986) were used in the measurements and L* (Brightness / Lightness), a* (red-green
colour coordinate) and b* colour parameters (yellow-blue colour coordinate) were read directly
(McLaren, 1987).

Before the measurement, the tool was calibrated with standard white and standard black. By means of
a standard reading area with a diameter of 8 mm, 10 measurements were directly made from the
surface of each of the leather, and the average of these measurements was taken.

Colour Fastness to Cycles of To and Fro Rubbing

The test piece cut in 150x80 mm dimensions according to TS EN ISO 11640 (2013) was attached to
the moving sled part of the tool with the glass side facing upward and stretched. White wool felt of 5
mm thickness and 10 x 10 mm sizes was placed on the upper rubbing arm of the tool. With this felt,
the test piece was subjected to back and forth rubbing under a weight of 1000 grams, and colour
changes on the surface of the felt and the leather were observed.

Determination of Wet Rubbing fastness

It is used to determine the behavior of a leather surface against rubbing with wet felts. To do this, after
the reference wool felt piece was moved back and forth on the leather surface under a certain pressure
and at a certain number of times (25 times), the colour changes occurring in the leathers were
evaluated using a spectrophotometer.

Determination of Rubbing fastness with Seawater

For this test, the felts used in the rubbing fastness test were exposed to seawater for 24 hours in a
beherglass.

Determination of Rubbing fastness with Glass Cleaner Agent

For this test, the felts were soaked in a beherglass containing liquid glass cleaner agent of a non-ionic
surfactant for 24 hours.

Determination of Rubbing fastness with Alcohol

For this test, the felts were soaked in a beherglass containing 50% v / v isopropyl alcohol / deionized
water for 24 hours.

Determination of Rubbing fastness with Leather Cleaner Agent

For this test, the felts were soaked in a beherglass containing creamy leather cleaner agent for 24
hours.



RESULTS and DISCUSSION

In industry, in the production of all types of products that can come to your mind, colour is the most
important parameter determining the quality of the final product obtained and the classification of
these products; and the price of the product is determined according to its colour (Judd, 1959).
Therefore, colour measurement and control in leather processes is becoming increasingly important
for the economy (Randall, 1994).

One of the important parameters giving information about the quality of the finishing process applied
to finished products is wet and dry rubbing fastness tests. This test is of great importance for finished
products that will be subject to extreme friction during further use. Some of the issues that consumers
pay attention to during the lifetime of the product are that the colour tones of the leather products
should not change during use and that finishing film of the leather should not be worn as a result of
rubbing.

Table 4. L* Values for the Results of Determination of Colour Fastness against To and Fro Rubbing

Cycles
Finisl'ling Rubbing Fastness n Min. Max. Mean=S.D.
Recipe

Blank 15 24,10 24,18 24,13+0,009%

Pure Water 15 23,82 2441 24,10+0,042

F1  Alcohol Mixture 15 23,18 24,15 23.59+0,077°
Seawater 15 23,64 24,18 23,890,039
Glass Cleaner Agent 15 23,48 24,41 23,86i0,076a’b

Leather Cleaner Agent 15 23,37 25,93 24,12+0,2172

Blank 15 28,29 28,38 28.34+0,0092
Pure Water 15 28,00 28,42 2820+0,037P

F2 Alcohol Mixture 15 26,95 28,47 127,55+0,171°
Seawater 15 28,03 28,34 28,21¢0,021asb
Glass Cleaner Agent 15 2791 28,84 28,1 5i0’()623’b

Leather Cleaner Agent 15 27,17 29,58 27,98:|:0,209b

Blank 15 27,54 27,59 27,57+0,005°

Pure Water 15 26,48 27,52 26,94+0,098°

F3 Alcohol Mixture 15 23,83 27,85 25,5910’430d
Seawater 15 27,26 28,15 27,52+0,075PC
Glass Cleaner Agent 15 26,60 28,16 27’4]:&0’109b’c

Leather Cleaner Agent 15 27,45 29,16  28.30+0,139?

a,b,c

Different letters in the same column are statistically significant, one for each finishing recipe (p<0.05).

In the L* value of the colour parameters of the backward and forward rubbing cycles made with
various chemicals on the leathers finished with F1 recipe from the finishing recipes prepared to
increase the fastness values of automobiles steering wheel leathers, it was observed that only the
rubbing cycle made with the alcohol mixture caused a statistically significant decrease (Table 4). It
was also observed that the drop in the rubbing cycles made with other chemicals was not statistically
significant (p> 0.05). In other words, only the rubbing cycle made with the alcohol mixture caused a
decrease in the brightness of the surface of the steering wheel leathers.



As a result of the rubbing cycles made on the leather samples to which the F2 recipe had been applied,
it was determined that the rubbing fastness tests made with a leather cleaner agent besides the alcohol
mixture resulted in a decrease in the L* value of the F2 recipe applied leather and this decrease was
found statistically significant (p <0.05). That is, the rubbing cycles made with the alcohol mixture and
the leather cleaner agent caused the surface brightness of the leathers to decrease while no statistically
significant decrease or increase was determined on the surface of the leathers as a result of rubbing
cycles made with pure water, seawater and glass cleaner agent (Table 4).

When Table 4 is examined, it is seen that the results of colour fastness determination tests against
backward and forward rubbing cycles of automobile steering wheel leathers produced using F3 coded
finishing recipe are much worse than the results of the steering wheel leathers on which F1 and F2
code finishing recipes were applied. While pure water, alcohol mixture, seawater and glass cleaner
agent resulted in a decrease in the L* value of the colour parameters of the leathers on which F3 recipe
was applied, leather cleaner agent resulted in an increase. In other words, after the rubbing process
made with the leather cleaner agent, the surface brightness of the leathers on which F3 recipe was
applied showed a statistically significant increase (p <0.05).

Table S. a* Values for the Results of Determination of Colour Fastness against To and Fo Rubbing

Cycles
F inisl.ling Rubbing Fastness n Min. Max. Mean+£S.D.
Recipe

Blank 15 -0,26 -0,10  .0,16+0,015°
Pure Water 15 -0,22 0,09 _0,14+0,009¢

F1  Alcohol Mixture 15 -0,14 -0,05  -0,10+0,006°
Seawater 15 -0,12 0,03 _0,07+0,0072
Glass Cleaner Agent 15 0,15 0,05 -0,10+0,007°
Leather Cleaner Agent 15 -0,20 0,06 -0,13+0,016°
Blank 15 0,11 0,16 0,14+0,004%
Pure Water 15 0,00 0,17 0,09+0,013?

0] Alcohol Mixture 15 0,07 0,21 0,15+£0,009%
Seawater 15 0,12 2,35 0,34+0,149?
Glass Cleaner Agent 15 0,08 2,40 0,32+0,1542
Leather Cleaner Agent 15 -0,01 2,92 0,23:|:0,1923
Blank 15 0,06 0,11 0,08+0,005%
Pure Water 15 -0,11 0,12 0,07+0,0152

- Alcohol Mixture 15 -0,03 0,26 0,07+£0,0172
Seawater 15 0,06 0,13 0,10+0,006%
Glass Cleaner Agent 15 0,03 1,10 0,1620,0682
Leather Cleaner Agent 15 -0,10 -0,02 _0’035:0,0()8b

a,b,c

Different letters in the same column are statistically significant, one for each finishing recipe (p<0.05).



Table 6. b* Values for the Results of Determination of Colour Fastness against To and Fro Rubbing

Cycles
Finisl'ling Rubbing Fastness n Min. Max. Mean+S.D.
Recipe
Blank 15 -0,86 0,64 0,79+0,0212
Pure Water 15 -1,01 -0,76  _0,89+0,017%¢
F1 Alcohol Mixture 15 -1,09 0,81 .0,97+0,020°
Seawater 15 -091 -0,75  _0,82:£0,009%P
Glass Cleaner Agent 15 -1,00 0,79 .0,92+0,014°
Leather Cleaner Agent 15 -1,48 -0,72 _0’94:|:(),()64c
Blank 15 0,50 -044  1.0,48+0,006°
Pure Water 15 -0,63 0,37 .0,50+0,022¢
F2  Alcohol Mixture 15 -0,54 032 .0.43+0,018%¢
Seawater 15 -0,43 -0,25  _0,36+0,011?
Glass Cleaner Agent 15 -0,58 -0,41 -0,48+0,011°
Leather Cleaner Agent 15 -0,65 0,09 _0,395:(),()432"b
Blank 15 -0,81 -0,67  .0,75+0,015%
Pure Water 15 -1,03 0,04 -0,75+0,0722
- Alcohol Mixture 15 -1,80 0,67 _1,19+0,099°
Seawater 15 -0,88 -071  .0,79+0,0122
Glass Cleaner Agent 15 -1,73 -0,71 _0,8910,0623’b
Leather Cleaner Agent 15 -1,21 -0,74 _1’00i0,026b
a,b,c

Different letters in the same column are statistically significant, one for each finishing recipe (p<0.05).

During the colour fastness determination tests against backward and forward rubbing cycles performed
on leather samples on which F1, F2 and F3 coded finishing recipes prepared to increase the fastness
values of car steering wheel leathers were applied, it was understood that there was a significant
decrease in the L* values of the leather products exposed to different chemical substances and the red
values of the a* and b* colour parameters of these leathers did not change statistically and there was a
significant decrease in the green values and there was a significant increase in the blue values i.e. the
colour became darker (Table 5 and Table 6). In fact, by the subjective evaluations made, it has been
determined that the colour of the leather was darkened.

CONCLUSIONS

Like all objects, there are some changes in the properties of leather material depending on the ambient
conditions during daily use. Especially the car upholstery leather, steering wheel leather and gear knob
leather from the upholstery leather group can be intensely exposed to environmental factors such as
temperature, humidity and UV light that can change a lot during the day and chemical substances with
solvent and abrasive effect such as cleaner agents, perfume, cologne, hand lotions and other cosmetic
materials. Therefore, very high fastness values are expected from automotive upholstery leathers,
especially from steering wheel leathers.



In order to be able to produce steering wheels in the fastness values desired by automotive
manufacturers, L*, a* and b* colour parameters were measured before and after backward and
forward rubbing cycles performed on leathers on which different finishing recipes were designed and
produced. In the light of these parameters, it has been determined that the surface brightness of the
leathers finished according to the F1, F2 and F3 finishing recipes decreased and the colour became
darker.

In conclusion, from the finishing recipes applied in this study, the F1 finishing recipe gave the best
results and it was determined that the colour change after rubbing fastness was much less than the F2
and F3 coded recipes. It has been determined that the F1 coded recipe suitable for the finishing process
of steering wheel leathers and can be used in production.

ACKNOWLEDGMENTS

The authors would like to thank Ege University Scientific Research Project for the financial support
(Project Number: 12 MUH 012) and the State Planning Organization (DPT) for the instrumental
support (Project number 2007DPT001).

REFERENCES

[1] Beck P J and Rowlands R J, Journal of the American Leather Chemists Association 1970,
Physical properties and the degree of bilateral symmetry between matched sides of leather, 65 (5),
112-124.

[2] Judd D B, Science and Industry 1959, Color Business, John Wiley&Sons, Inc., U.S.A., 401.

[3] Karavana H A, Isik N O, Yal¢in F, Deri Bilim Dergisi 2012, Otomotiv sektoriiniin dosemelik
derilerden beklentileri, , Vol:6, No:1.

[4] Randall D L, The Journal of the American Leather Chemists Association 1994, Color
Measurement and Control in Leather, 89, 309-319.

[5] TS EN ISO 2418, Tiirk Standartlar: Enstitiisii (TSE) 2006, Mamul Deriler - Kimyasal, Fiziksel,
Mekanik Renk Haslig1 Deneyi - Numune Alma Bdolgesi, Ankara.

[6] TS EN ISO 2419, Tiirk Standartlar: Enstitiisii (TSE) 2012, Deri - Fiziksel ve Mekanik Deneyler -
Numune Hazirlama ve Sartlandirma, Ankara.

[7] TS EN ISO 11640, Tiirk Standartlar: Enstitiisii (TSE) 2013, Deri-Renk Hashig1 Deneyleri-ileri Geri
Stirtme Cevrimlerine Kars1 Renk Hasligi, Ankara.

Corresponding author:
Hiiseyin Ata KARAVANA
Ege University, Engineering Faculty, Leather Engineering Department

E-mail: huseyin.ata.karavana@ege.edu.tr



A new, alternative, subjective measurement-based

antibacterial test method

Zeynep OMEROGULLARI BASYIGIT!, Dilek KUT?

1Usak University, Textile Engineering Department, Usak, 1 Eylul Campus, Usak, Turkey

2Uludag University, Textile Engineering Department, Gorukle Campus, Bursa, Turkey

ABSTRACT

In this study, a new, subjective, low-cost, time-saving and a simple antibacterial test method has been
improved, which allows the users to predict the antibacterial result before quantitative bacterial count
process and helps eliminating the non-antibacterial samples. In order to determine the repeatability of
this new test, textile samples including antibacterial treatments and untreated ones were tested and
each test results were compared in both quantitative and subjective antibacterial test method.
According to results, this new antibacterial method test results were validated and determined as
compatible with each other. For the protection of this invention, patent application was made for
Turkish Patent Institute (TPE), and an application number was registered in 2016.

INTRODUCTION

There are many test methods to test the antibacterial efficiency of the textile materials in the literature
and test standardization publications. Generally, these tests are labor-intensive processes, inoculating
suitable bacteria either gram positive or gram negative types under the necessary test conditions and
determining the bacterial count after reproduction process on the textile material [1-10]. They are
being carried out generally in microbiology laboratories and certain of time are needed to take the
clear results of the test [1,2]. These kinds of test methods are not easy as some other performance tests
and just getting the test apparatus or machines are not enough to get clear results, that’s why grafting
bacteria and bacteria count processes have been carried out by microbiology experts in order to follow
out the bacterial process consciously under the safe test conditions. Therefore, textile manufacturers
and the researchers studying on this area-antibacterial functionality, generally send the test samples in
return of expensive fees and have to wait for a period of time to get the certain antibacterial test
results.

So antibacterial test method fields need a new and reliable subjective-based antibacterial test method
that is suitable for standardization and prevents the expensive costs for samples and above all, suggests
or forecasts which of the samples have the antibacterial efficiency and/or eliminates the samples that
have no antibacterial effect before sending the samples for counting bacteria processes in
microbiology laboratories.

For all these reasons, a new, easy-use, an alternative, time-saving, subjective antibacterial method that
helps eliminating among all the samples has been improved. It’s also convenient for industrialization
and can be used easily in R&D departments.

EXPERIMENTAL

The textile samples that have been requested to be tested are cut in a suitable size that match up with
the bottom area of the jars and are put inside the transparent glass jars with the help of tweezers. After
that, small amount of protein based solution that is enough for wetting the material on the bottom is
put on the textile material and jar lid is closed tightly. All the jars are labelled on the top of lids and
placed in the oven that has mild temperature inside. After all the jars are gotten out of oven, they are
put on a table that all the testers can reach out easily. Each tester open the lids and smell each sample
and give values starting from “no smell” to “strong smell” in both odour and intensity categories.
After all the values are noted down, the evaluation of the values is carried out.



RESULTS and DISCUSSION

After testing the samples, selected sample group are sent to microbiology laboratories, to check the
result for bacteria counting and to determine the reliability and repeatability of the subjective test
methods. As a result, untreated samples and the samples that have no antibacterial procedure and the
samples applied with antibacterial process have the got meaningful values on subjective antibacterial
test method. While the sample got “no smell” has a result with %99,99 bacterial reduction, the sample
valued with “strong smell”, has no antibacterial efficiency.

CONCLUSION

In this study, in order to eliminate the samples that has no antibacterial efficiency in the experimental
sample group, a new, easy-use, low cost, alternative subjective based antibacterial test method has
been improved. The untreated samples and the samples have antibacterial procedure are tested both in
new developed test method as subjectively and are sent to microbiology laboratories to be tested in
quantitative antibacterial test method. As a conclusion, it has been determined that subjective test
method is compatible with bacteria counting test and it can be standardized and used both in industries
and R&D departments. Therefore, for this invention, patent application was made for Turkish Patent
Institute (TPE), and an application number was registered in 2016.

REFERENCES
[1] Gao Yuan, Robin Cranston, Textile Research Journal 2008, 78, 60-72.

[2] Heliopoulos, N. S., Galeou, A., Papageorgiou, S. K., Favvas, E. P., Katsaros, F. K., Stamatakis, K.,
Journal of Microbiological Methods 2016, 121, 1-4.

[3] Jorgensen, J. H., & Turnidge, J. D., In Manual of Clinical Microbiology, Eleventh Edition,
American Society of Microbiology. 2015, 1253-1273

[4] Eloff, J. N., Planta medica, 1998, 64,711-713.

[5] Turnidge, J. D., In Manual of Clinical Microbiology, Eleventh Edition, American Society of
Microbiology, 2015, 1246-1252.

[6] Valgas, C., Souza, S. M. D., Smania, E. F., Smania Jr, A., Brazilian Journal of Microbiology,
2007, 38, 369-380.

[7] Ncube, N. S., Afolayan, A. J., Okoh, A. L., African journal of biotechnology, 2008, 7, 12.

[8] Reller, L. B., Weinstein, M., Jorgensen, J. H., Ferraro, M. J., Clinical infectious diseases, 2009, 49,
1749-1755.

[9] Xue, C. H., Chen, J., Yin, W, Jia, S. T., Ma, J. Z., Applied Surface Science, 2012, 258, 2468-2472.
[10] Lee, H. J., Yeo, S. Y., Jeong, S. H., Journal of Materials Science, 2003, 38 , 2199-2204.

Corresponding author:
Dr. Zeynep OMEROGULLARI BASYIGIT
Usak University/Textile Engineering Department

E-mail:zeynepomeroglu@uludag.edu.tr



Tekstil Sektorii ve Siirduriilebilirlik

Pervin Anis' ve Tuba Toprak *

12 Uludag Universitesi, Miihendislik Fakiiltesi, Tekstil Miihendisligi Boliimii, Goriikle Kampiisii, Niliifer,
Bursa, Tiirkiye

E-mail adresi: pervin@uludag.edu.tr

ABSTRACT-OZET

This paper contributes to current definitions, knowledge and European Union’s policies on cleaner
production and sustainability in the textile industry. In addition, this paper highlights environmental
effects of textiles and open up a discussion of opportunities for change that can be done in compliance
with the law in textile processes. The public awareness of the and the growing perception of social
cognizance about environment have forced the textile industry to produce environmentally friendly
products. For this reason, nowadays many companies and organizations focus on the environmentally
friendly way of production. In order to create a sustainable textile, the main change factors have been
linked to eco-materials so less and harmless waste, reusing/recycling, lesser usage of energy and water
and ethical issues in production.

GIRIS
Kalkinma m1 Yoksa Cevre mi?

Son yillarda kiiresel ekonominin olaganiistii biiylimesi beraberinde tiiketimde de patlamaya sebep
olmustur. Kiiresel tiiketim harcamalar1 her gegen giin artmaktadir. Tiiketimdeki bu biiyiimenin bir
kismi1 insanlarin yasamini devam ettirmesi i¢in gerekli iken (yiyecek, barinma, temiz su vb.) kalan
kismi zaruri degildir. Zenginlik gibi, tiiketim de adil olmayan bir sekilde dagilim gostermektedir.
Diinya niifusunun en zengin beste birlik kesimi, toplam 6zel tiiketim harcamalarinin % 86'"sina, buna
karsilik en yoksul yiizde beslik pay ise % 1,3'line sahiptir. Kuzey Amerika'daki bir kisinin Hindistan
veya Cin'deki bir kigiden ortalama 20 kat, Banglades'teki bir kisiden 60-70 kat daha fazla tiiketim
yaptig1 tahmin edilmektedir. Giiniimiizde, bir milyardan fazla insanin temel ihtiyaglarini karsilamak
icin tiikketimlerini, endiistriyel olarak gelismis iilkelerdeki 100 milyon insanin tiiketimine karsilik
gelecek sekilde arttirmasi gerekmektedir [23].

Artan tiiketim taleplerini karsilamak icin kullanilan gelismis tiretim teknolojileri iiretim faaliyetlerini
cevre iizerinde 6nemli bir etken haline getirmistir. Gelisen teknoloji ¢evre, hava ve su kirliligi, ozon
tabakasi incelmesi, yesil alanlarin azalmas1 gibi olumsuzluklar1 beraberinde getirmistir. Buna karsilik,
ozellikle gelismis iilkelerde bu sorunlara karsi duyarli bir kamuoyu olugmaya baslamistir. Hem
sanayilesmeyi siirdiirmek hem de ¢evreyi koruyabilmek i¢in yeni tedbirler diigiiniilmeye baglanmistir.
Yapilan arastirmalar kirlettikten sonra temizlemenin, kirletmeden 6nce alinacak tedbirlere gore daha
maliyetli oldugunu ve ayrica bozulan ekolojik dengenin tekrar eski haline getirilmesinin miimkiin
olmadigini gostermistir. Bu da “kalkinma m1 yoksa ¢evre mi daha 6nemlidir?” tartismasinin yerini,
“cevre degerlerini koruyarak nasil sanayilesebiliriz?” tartismasina birakmasina sebep olmustur [3].

1960’11 yillarda yerel hareketlerle ¢evre sorunlarina karst baslayan tepkiler 1970°1i yillarda yerini
cevre Orglitlerine ve partilerine birakarak daha somut bir hal almistir. 1987 yilinda ISO tarafindan
yayinlanan Kalite Standartlar1 Sistemi (ISO 9000), sanayicileri konunun g¢evre yOniinii diisiinmeye
zorlamis; hammaddeyi minimum diizeyde kullanma, siireglerde enerji kullaniminin azaltilmasi veya
temiz enerji kaynaklarinin aranmasi, zararli olmayan paketleme malzemelerinin kullanilmasi ve kolay
olarak yok edilmesi gibi sorunlara cevap aranmistir. Dolayisiyla ¢evresel sorunlara ¢6ziim olarak temiz
tiretim ve sirdiiriilebilirlik sunulmustur. Bu durumlarin gelecekte yaratacagi olasi daha biiyiik
felaketleri onlemek adina Tirkiye de dahil olmak iizere pek c¢ok devlette kullanilagelmekte olan
“temiz liretim” kavrami son 7 yil i¢inde “siirdiiriilebilir tiretim” kavramina evrilmistir. Siirdiiriilebilir
iretim, pek ¢ok kurulus tarafindan kullanilan temiz iiretim kavrami ile birlikte yayginlasmaya
baslamigtir [15].

Son yillarda biiyiik ilgi goren temiz tiretim kavraminin tanim1 UNEP tarafindan 1989 yilinda Paris’te
“Biitlinsel onleyici bir ¢evre stratejisinin {iriin ve siireclere siirekli olarak uygulanmasi ile insan sagligi



ve c¢evre lizerindeki risklerin azalmasi” olarak tanimlanmistir. O zamandan beri tanimin igerigi
genisletilmis ve siirdiiriilebilir gelisme yonelimi tanima ilave edilmistir. Ornegin 2004 yilinda * .. daha
iyl yonetim stratejileri, yontemleri ve araclari kullanilarak™ ifadesiyle tanima ekonomik boyutun
dogrudan katilimi saglanmistir [25]. Temiz iiretim prosesler i¢in; hammadde ve enerjiyi koruma,
toksik hammaddeleri ortadan kaldirma ve tim emisyon ve atiklarin miktar ve toksisitesini azaltma,
irlinler icin; hammaddenin c¢ikarilmasindan nihai bertarafina kadar bir iiriinlin yasam dongiisii
boyunca olumsuz etkilerini 6nleme/ azaltma, hizmetler i¢in ise; tasarim ve dagitim servislerinde
cevresel kaygmin dahil edilmesi seklinde uygulanmaktadir. Ozet olarak temiz iiretim; siireclere,
iiriinlere ve hizmetlere entegre ¢evre koruma stratejisinin siirekli uygulanmasidir [66].

Cevresel degerleri korumak adina giiniimiize kadar yogun olarak kullanilan ilk yaklasim kirliliklerin
olustuktan sonra aritilarak bertarafidir. “Boru-sonu yaklasimi” olarak da ifade edilen “kirlilik
kontrolii” iiretim ve tasarim asamalarini degismez olarak benimseyip kirliligi de bunlarin kaginilmaz
sonucu olarak gormekte, dolayisiyla kirliligi daha iyi tanimlama ve bertaraf etme yollarina
odaklanmaktadir. Ancak bu durum kuruluslara 6nemli miktarda ek yatirim maliyeti ¢ikarmakta ve
yiksek yatirim gereksinimi kisi ve kurumlarda ¢ekinceyle karsilanmaktadir. Siire¢ i¢inde ortaya ¢ikan
atik miktarlarinin, aritim maliyetlerinin, alic1t ortam desarj standartlarinin ve kamuoyundaki ¢evre
bilincinin stirekli artmasi, tiriin ve hizmet iireten sektorleri daha ucuz ¢éziim yollar1 bulmaya itmis,
basit 6nlemlerle iiretim sonucunda faydali {irlin olusturmayan ve atik haline gelen hammaddelerin
daha etkin kullanim1 ile bu kayiplarin azalmasiyla birlikte atik iretiminin de azaltilabilecegi
gorlilmiistiir. Bunu sektorlerde verimliligin arttirilmasi, hammaddelerin ¢evreye daha az zararh
olanlarla degistirilmesi, iiretim ve kullanim siirecinde su ve enerji ihtiyaclarinin azaltilmasi gibi
yaklagimlar takip etmistir. Bunlar atik azaltilmasi, geri doniisiim, yeniden kullanim, ¢evreye duyarl
iriin ve hizmet tasarimi1 vb. konularda yapilan ¢aligsmalara ivme katarak “boru-sonu yaklasimi”nin
yerini “temiz iiretim” yaklagiminin almasini saglamistir [60].

Temiz tiretim kapsamindaki uygulamalar kaynaginda atik azaltimi ve kaynak tiiketiminin azaltilmasi,
yeniden kullanim ve/veya geri doniislim, iriin modifikasyonlar1 olarak ii¢ ana baslik altinda
siniflandirilabilir [62].

Atiklarin Kaynaginda Azaltilmasina Yonelik Uygulamalar:

1- Yonetsel onlemler: Temiz iiretimin en basit yontemlerinden biri olup, herhangi bir yatirim maliyeti
getirmemektedir.  Ornek olarak su vanalarinin kapali tutulmasi, kimyasal madde dozajinin
optimizasyonu, ekipmanlarin bosa calistirnlmamasi, c¢alisanlarin yonetimlerine ve egitimlerine
odaklanmak verilebilir.

2-Daha iyi proses kontrolii: Prosesin kaynak tiiketimi, tiretimi ve atik olusumu bakimindan optimum
diizeyde uygun olup olmamasinin kontrol edilmesi, gerekli ise uygun sekilde diizenlenmesi bu bagligin
icerigidir. Yonetsel onlemlere gore daha gelismis bir izleme ve yonetim gerektirmektedir.

3- Malzeme degisimi: Uretimin verimini maliyetten ve kaliteden ddiin vermeden daha yiiksek kalitede
bir malzemenin kullanilmasi ile arttirilmasi anlamina gelmektedir. Malzeme degisiminde var olan
malzemelerin daha iyi ¢evresel 6zelliklere sahip olanlarla degisimi de mevcuttur.

4-Ekipman modifikasyonu: Mevcut ekipmanin daha az atik olusturmast ve daha verimli iiretim
prosesleri saglamasi yoniinde gelistirilmesi bu kapsamdadir.

5-Proses degisikligi: Bu yontem modern ve daha verimli teknik ve teknolojilerin kullanilmasini
kapsadigindan diger yontemlere gére daha yiiksek bir ilk yatirim maliyeti gerektirmektedir. Bu tip
uygulamalar {iriin ve iiretim kalitesinde de iyilesme saglamaktadir [1, 6, 62].

Yeniden Kullanim/Geri Doniistim:

Bu yaklagim ile olusumu 6nlenemeyen atiklar firma iginde geri doniistiiriilebilir veya yan {iriin olarak
satilabilir [1,6].



Uriin Modifikasyonu:

Uriiniin modifiye edilmesi, uriinin ve gereksinimlerinin yeniden goézden gegirilmesini
gerektirmektedir. Uriinlerin hafifletilmesi, et kalinliklarinin azaltilmasi, iiriiniin daha kolay geri
donustiiriilebilir malzemeden yapilabilmesini saglayan tasarimlar vb. bu yaklagimin 6rnekleridir [62].

Temiz Uretim icin Arac ve Yontemler

Temiz tiretim firsatlarinin uygulama alanlarina gore kullanilmasini tespit etmek igin ortaya konulmus
olan araglardan hangisinin secilecegi, isletmedeki soruna ve yapilmak istenen caligmaya gore
degismektedir. Calismanin ve sorunun niteligine gore araglardan biri veya daha fazlas1 kullanilabilir
[44].

Cevresel etki degerlendirme: Gergeklestirilmesi planlanan projelerin ¢evreye olabilecek olumlu ve
olumsuz etkilerinin belirlenmesinde, olumsuz yondeki etkilerinin 6nlenmesi/azaltilmasi i¢in alinacak
onlemlerin degerlendirilmesini ve projelerin uygulanmasinin izlenmesini ve kontroliinde stirdiiriilecek
caligmalari kapsar [67].

Yasam dongiisii analizi: Uriinlerin ve hizmetlerin tiretiminden kullanimina ve bertarafina kadar olan
siirecte olusan cevresel etkileri analiz ederek bu etkileri dnleme veya azaltma amaciyla kullanilir.
Bununla iiriiniin biitiin yasam dongiisii boyunca kullanilan kaynaklar ile hava, su ve topraga
emisyonlarinin ¢evresel etkileri ve iyilestirme firsatlari sistematik olarak analiz edilebilmektedir [6].

Cevre yoOnetim sistemi: Birbirleriyle baglantili, ¢cevresel etki yaratan ya da etki potansiyeline sahip
aktivitelerin yonetimini amaglar. Asamalari; ¢evre politikasi, planlama, uygulama ve isletme, kontrol
ve diizeltme islemi, yonetim teftisidir [74].

Cevre teknolojisi degerlendirme: Cesitli tesis ve projelerin ¢evresel etki degerlendirmeleri, gesitli
teknolojilerin kullanilmasi sonucu olusan desarjlarin ve bu teknolojilerin insan sagligi ve g¢evresel
degerler iizerindeki risklerinin niteliksel ve niceliksel yontemler kullanilarak belirlenmesini igerir.
Ozet olarak belirli teknolojinin insan saghg: ile dogal sistemler ve kaynaklar iizerindeki etkilerini
inceler [44].

Kimyasal degerlendirme: Uretim asamalarinda kullanilan kimyasal maddelerin toksik etkilerinin ve
miktarlarinin analiz edilmesini igerir [73].

Atik denetleme: Proseslerin girdi/cikti envanterleri, olugsan atiklarin kaynak, nitelik ve nicelikleri,
mevcut prosesin verimliligi ve zayif noktalari, temiz iiretim i¢in atiklar1 minimize etme hedefleri
belirlenir. Bdylece kayiplarin azaltilarak/6nlenerek proses verimliliginin artirilmasi saglanir [6].

Cevresel Denetleme: Amaci iiretim siireci/hizmetlerden kaynaklanan atiklarin miktart ve karakterini
belirleyip kirliligin azaltilmas: i¢in nelerin yapilmas: gerektigine iliskin kararlarin alimmasini
saglamaktir [44].

Eko-etiket/Cevresel etiketleme: Tiiketicilere gevreye daha az zarar veren iiriin ve hizmetleri segmeleri
konusunda yol gosterir. Goniillii bir uygulama olup iilke ve sektore 6zel olabilmektedir [68].

Endiistriyel simbiyoz: Endiistriyel simbiyoz tercihen birbirine fiziksel olarak yakin olan ancak
normalde birbirlerinden bagimsiz calisan iki veya daha ¢ok ekonomik isleyisin ¢evresel
performanslarini ve rekabet giiclerini artiracak uzun siireli ortaklik kurarak birlikte ¢alismasini ifade
eder [60]. Kisaca bagimsiz isletmeleri, daha siirdiiriilebilir ve yenilik¢i bir kaynak kullanim yaklagimi
cercevesinde bir araya getirmektedir [6].

Su ayak izi: Bir iiriinii iiretmek igin kullanilan toplam su miktaridir. Ote yandan kimi arastirmacilar
“tiiketilen su miktarinin ¢evresel etkisi” olarak tanimlamaktadirlar [29].

Karbon ayak izi: iklim degisikligi ile giindeme gelen karbon ayak izi bir kurum, kisi, etkinlik ya da
iiriin tarafindan salinan karbondioksit ve diger sera gazlarinin toplam miktar1 olarak tanimlanir [63].

Risk degerlendirme: Belli bir etkinligin insan saghigi ve cevre iizerinde olusturdugu riskler
tanimlanarak bunlara iliskin alinmas1 gereken tedbirler belirlenir [6].




Temiz {iiretimin tesvik edilmesi amaciyla uygulanan politika araclari yasal mevzuatlar, goniillii
standartlar, ekonomik araclar (vergi ve cezalar, devlet yardimi, finansal mekanizmalar vb.),
bilgilendirme ve teknik yardim olarak sayilabilir.

Siirdiiriilebilirlik

Stirdiiriilebilirligin en tinli ve gegerli tanim1 1987 yilinda Brundtland Komisyonu tarafindan “gelecek
nesillerin kendi ihtiyaclarint karsilama yetenekleri ile uygunsuzluk olusturmaksizin, bugiiniin
ihtiya¢larinin kargilanmasi” olarak tanimlanmistir [5]. Strdiriilebilir kalkinma, kaynaklar: tiiketen,
yenilenemez enerji kaynaklarini kullanan veya degerli dogal sermayeyi yok eden bir ekonomiye izin
vermez [22]. Bu kapsamda siirdiiriilebilir kalkinma, insan ve ¢evre arasinda denge kurarak, bugiiniin
ve gelecegin yasamini, kalkinmasini gelecek nesillerin ihtiyaclarinin karsilanmasina ve kalkinmasina
olanak verecek sekilde programlamak olarak tanimlanabilir [18]. Siirdiiriilebilir kalkinmanin hedefi
olan siirdiiriilebilirlik giinlimiizde bircok anlam tasimaktadir. Frankel (1998) ve Elkington (1997)’a
gore siirdiirtilebilirlik ekonomi, ¢evre ve sosyal esitlik arasindaki denge iken, Gilding (2000)’e gore
stirdiirtilebilirlik bu ii¢c elemente bagl olarak diistintildiigiinde kompleksligini kaybetmektedir. Suzuki
ve Dressel (2002) siirdiirtilebilirligi bireysel diizeyde siirdiiriilebilir bir gelecegin gelisimiyle ¢elisen
tiim insan davranislarinin yeniden sekillendirme vizyonuyla degerlendirilmesi olarak tanimlamistir.

Siirdiiriilebilirligin temel bilesenleri insan hayatina siirekli destek, biyolojik kaynak stokunun ve
tarimsal sistemlerin tiretkenliginin uzun vadeli korunmasi, stabil insan popiilasyonlari, sinirli biiylime
ekonomileri, kendine giiven iizerine vurgu, ¢cevre ve ekosistemde devam eden kalitedir [4].

Tekstil Sektorii ve Cevresel Etkileri

Tekstil ve hazir giyim sektorii, gelismekte olan tilkelerin ekonomik kalkinmasinda énemli rol oynar.
Bu sektorler sanayilesme siirecinin ilk basladigi sektorlerdendir. Tekstil ve hazir giyim sektorii
iilkemiz ekonomisinin de lider sektorlerinden birisi olup, yaklasik 2 milyon ¢alisaniyla, Tiirkiye’nin en
biiyiik istihdam grubunu temsil etmektedir [27].

Sanayilesmenin hiz kazanmasi, Diinya’nin her gecen giin artan niifusu ve buna paralel olarak temiz su
kaynaklarinin azalmasi, enerji maliyetlerinin ve ¢evre problemlerinin hizla artmasi, cevreyle ilgili
yasalarin agir yaptirimlara sahip olmasi ¢cok miktarda temiz su, enerji tilkketen ve atik su yiikii olusturan
sektorlerin basinda gelen tekstilde de diger sektorlerde oldugu gibi ¢evreci proseslerin, kimyasallarin
gelistirilmesini ve kullanilmasini zorunlu hale getirmistir. Kaynak tiikketimi ile birlikte atik tiretimi de
hizli artis gostermektedir. Cevre zararlarinin azaltilmasi ve ekolojik koruma igin kaynak tiikketiminin
azaltilmas1 anlaminda geri kazanimin adaptasyonu, c¢evre dostu lifler veya diger materyallerin
kullanimi, olusan kirlilik miktarinin azaltilmasi ve kirlilik olustuktan sonra, uzaklastirmak igin
metotlarin gelistirilmesi islemleri giin gectikge 6nem kazanmistir [56].

Tekstil malzemelerinin hammaddeden, kullanim ve kullanim sonrasindaki asamalarina kadar olan
cevresel etkileri incelendiginde ortaya ¢ikan tablo ¢ok dikkat ¢ekicidir. Tekstil endiistrisinin baslica
cevresel etkileri, bu sektdrde kullanilan yiiksek miktarda su ve zararli kimyasal madde tiikketimi ile
ortaya ¢ikan kimyasal yiikleri yiiksek miktarlarda olan suyun alict ortamlara desarj edilmesi ve buna
bagl su kirlilikleri [11, 39, 43], {iretim siire¢lerindeki yiiksek enerji tiiketimi ve bununla iligkili hava
emisyonlar1 [11, 42, 48], ambalajlama konularindaki problemler ile kati atik {iretimi, on terbiye,
boyama ve baski iglemlerinden olusan ve atik su aritma tesisinden kaynakli olarak ortaya c¢ikabilen
rahatsiz edici kokularin olusumu, 6zellikle 6rme ve dokumanin yapildig: yerlerde ortaya ¢ikan ve
burada c¢alisan kisilerde %80 civarinda isitme kayiplarina sebep olan giiriiltii kirliligidir [56].

Ozet olarak tekstil sektdriiniin siirdiiriilebilirligini; toksik kimyasallarm kullanimi, asir1 su ve enerji
tilketimi, atik iiretimi, hava emisyonlari, tasima, ambalaj malzemeleri olumsuz olarak etkileyebilir
[52].

1. Kimyasal madde kullanimi

Tekstil endiistrisi, kirlilik bakimindan diinyanin en biiyiik suglularindan biri olarak goriilmektedir;
clinkii yiiksek miktarda kimyasal madde ve su kullanim1 gerektirir [36]. Tekstil endiistrisinde yaklasik
2000 farkli kimyasal madde kullanilmaktadir [14]. Diinyada toplamda iiretilen kimyasal maddelerin



yaklasik% 25'i tekstilde kullanilmaktadir [50]. Bu kimyasallardan bazilar1 buharlagip soludugumuz
havaya karigmakta, bazilar1 ¢evreye bosaltilan atik suda ¢oziinmekte ve bazilari ise kumas iizerinde
kalmaktadir. Kumas {iiretiminde kullanilan ve insan sagligini tehdit eden kimyasallarin bir listesi
National Institutes of Health (NIH) tarafindan yaymlanmistir [11]. Business Week'te yayinlanan bir
makaleye gore de kimyasallara kars: alerjisi olan niifusun 2020 yilina kadar %60'a yiikselecegi iddia
edilmektedir [43].

Tablo 1. Sik kullanilan toksik tekstil kimyasal maddeleri ve uygulama alanlar1 [11]

Name of toxic chemical Used as/in

Tri-butyl tin oxide (TBTO) Biocide on hosiery and fabrics

Non-ionic surfactants Detergents in textile preparation and dyeing

Cationic surfactants Textile dyeing and finishing

Sodium chloride Dyeing of cotton textiles

Sodium sulfate Dyeing of cotton textiles

Copper Dyeing of cotton and polyamide: in its elemental,
non-complexed form, it is toxic

Cyanide Anti-caking agent in salt

Cevreye birakildiginda endise yaratan kimyasallarin o6zellikleri; kolay bozunmamalari, dogada
birikmeleri ve zehirli olmalaridir. Bu 0&zelliklere sahip kimyasallar PBTs olarak tanimlanirken,
organik olanlarina bazen kalic1 organik kirleticiler (POP's) de denir [11].

Tekstil endiistrisinde kullanilan biitiin kimyasallarin ¢evreci olup olmadiklarinin kabul edilebilirligini
belirlemek zordur. Bu zorluklarinin sebeplerinden biri boyama ve baski islemlerinde kullanilan
boyarmaddelerin sayisinin ¢oklugundan kaynaklanmaktadir [11]. The Colour Index International,
13000 Color Index Generic Names altinda 27 000 {iriin listelemektedir [71]. 1985-1995 yillar1 arasinda
Kuzey Carolina'da kimyasallar iizerinde yapilan c¢esitli toksisite degerlendirmelerinde, toksik olarak
tanimlanan kimyasallarin ¢cogunun yas terbiye islemlerinde ortaya ¢iktigi bulunmustur [47].

Pamuklu tekstiller i¢in biyosit olarak yaygin kullanilan toksik bir bilesik olan tribiitilkalay oksit
(TBTO) gibi spesifik olarak tanimlanabilir bilesikler atik sudan uzaklastirilabilir ancak daha az toksik
olan alternatiflerinin kullanilmasi siirdiiriilebilirlik kapsaminda yapilmalidir. Daha az spesifik olan
bilesikleri izlemek ve ortadan kaldirmak ¢ok daha zordur [11].

Non-iyonik yiizey aktif maddelerin bozunmas1 yavas oldugundan 6zel ¢evresel bir problem gosterirler,
akut ve kronik toksisiteye neden olurlar. Bunlarin biyolojik bozunabilirlik derecelerini anlamak, atik
aritiminda 6nemli bir faktordiir. Yavas bozunan maddeler i¢in iki alternatif vardir; daha uzun siire atik
aritim islemi ve daha hizli ayristirilabilir olanlarla ikame edilmesidir. Tekstil islemlerinde 500'den
fazla farkli non-iyonik siirfaktantin bulundugu ve bu bilesiklerle ilgili ¢evresel verilerin yetersiz
oldugu tahmin edilmektedir [11]. NPs ve nonilfenol etoksilatlarin kullanim1 AB'de insan sagligia ve
cevre giivenligine karsi tehlikeli oldugu igin kisitlanmistir [19].

Pamugun direkt ve reaktif boyarmaddeler ile boyanmasinda ¢ektirme ajani olarak kullanilan sodyum
kloriir ve sodyum siilfat da ¢evre icin 6zel bir problem olusturmaktadir. Bu tuzlarn tekstil atik
sularindan uzaklagtirmak i¢in hala kesin bir yol bulunamamistir ve hatta simdiye kadar sorunu
gidermenin tek yolu olarak atik su seyreklestirilmektedir. Bununla birlikte, problem tuz ihtiyaci daha
diisik olan reaktif boyalar veya emdirme ydntemi kullanilarak c¢oziilmeye calisilmaktadir. Bakir
birgok mavi ve siyah renk boyalarda serbest halde bulundugundan toksik ajan olarak kabul
edilmektedir. Bu nedenle bunlarin goriintiilenmesi ve bakir icermeyen boyalarin gelistirilmesi
desteklenmektedir [11].

Bazi belirli toksik bilesiklerin elimine edilmesinden sonra bile, tekstil yardimci kimyasallar1 adi
altinda genis bir kimyasal madde grubu kalmaktadir. Bu "marka {irlinler”, yiizey aktif madde
karigimlarindan, yumusaticilardan, ¢oziiciilerden, kompleks olusturucular ve su bazli polimerlerden
olusmaktadir. Bu iiriinlerin ¢ogu, tekstil {irliniiniin terbiye, renklendirme ve bitim iglemlerinde belirli
bir gbrevi yerine getirmek iizere tasarlanmis karigimlardir. Bu iirtinlerde kullanilan ¢ok ¢esitli ve farkl
kimyasal madde konsantrasyonlari, bu karisimlarin bilesenlerinin tam olarak belirlenmesinde 6nemli



giicliikler yaratmakta, ayrica iireticilerin de igerikleri ticari bir sir olarak tutmasi nedeniyle ciddi bir
sorun olarak kargimiza ¢ikmaktadir [11].

Tablo 2. Tekstil sularinin baslica kirleticileri [8]

Type of finished textile product Dyes, g/kg |Auxiliaries, g/kg |Basic chemical
textile textile product compounds, g/kg
product textile product

Polyester fibres 18 129 126

Fabrics from synthetic fibres 52 113 280

Fabrics from cotton 18 100 570

Dyed fabrics from cellulose fibres |11 183 200

Printed fabrics from cellulose fibres | 88 180 807

2.Su tiikketimi ve kirlenmesi

Temiz suya ulasim her gecen giin sinirli hale gelmektedir. Su kimyasallarin malzemeye tasinmasi ve
malzemenin bir sonraki basamaga ge¢meden Once yikanmasi i¢in yas terbiye islemlerinin her
adiminda kullanilan en temel maddedir [51].
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Sekil 1. Cesitli sektorler icin su titketimi [31]

Giinde yaklasik 8000 kg kumas iireten ortalama bir tekstil fabrikasinin giinliik su tiikketimi ortalama 1,6
milyon litredir. Bunun% 16's1 boyamada,% 8'i de baskida tiiketilmektedir. Boyamada kullanilan su
boya tiirline bagl olarak kg kumas basina 30 - 50 litre arasinda degismekte, iplik boyamada ise kg
iplik basina ortalama 60 litre su kullanilmaktadir. Boyama isleminden kullanilan su toplamda harcanan
miktarin % 15 - 20'sini olusturur. Gerekli hasliklar ve makine temizlikleri i¢in de su gereklidir [33].
Kumaslarin terbiye islemlerinde kullanilan sularin 1sitilmasi1 ve buhar haline getirilmesi i¢in harcanan
enerji de yiiksektir [20].

Tek bir pamuklu gomlek iiretimi i¢in yaklasik 2,500-3,000 litre su tiiketilir. Bu suyun biiyiik kismi,
pamuk yetistirilmesi sirasinda harcanirken, yas terbiye islemleri i¢in harcanan miktar ikinci sirada
gelmektedir. Su sikintist ve atik su sorunlarmin ilk sonuglari, tekstil terbiye isletmelerinde
hissedilmeye baslanmistir. Ornegin Cin ve Hindistan'da yeni sirketler su tiiketimi ve atik su sorunlarini
¢6zmeye yardimci olacagini ikna eden bir vaka sunamadiklarinda hibe destegi alamamaktadirlar [54].

Temiz su kimyasal katki maddeleri ile yiliklendiginde, atik su olarak adlandirilir ve aritilmadan gevreye
atildiginda atigin icerdigi birgok kimyasal madde ve dogal sudan farkli olan sicaklik, pH degerleri
cevrenin ve sularin kirlenmesine sebep olur. Tekstil endiistrisi diinyadaki en kimyasal yogun
sanayilerden biri oldugundan tarimdan sonra temiz suyun bir numarali kirleticisi olarak bilinmektedir.
Halihazirda yarim milyar insan kurakliga egilimli bolgelerde yasamakta ve 2025 yilina kadar da bu
sayinin bese katlanarak diinya niifusunun {igte biri ile yaris1 arasinda olmas1 dngoriilmektedir [43].

1 ton kumas i¢in terbiye islemlerinde yaklasik 200 ton su kirletildigi diisiiniildiigiinde, atik suyun
tekrar kullanilmasi, su, enerji ve kimyasal tliketiminin azaltilmasi gibi tasarruflar ¢ok Onemlidir.
Yogusan buhar ve sogutma suyu temiz olduklarindan kolaylikla geri kazanilabilir ve termal
enerjilerinin geri kazanilmasi yatirimin geri 6deme hizini arttirir [11].



Tablo 3. Farkli tekstil proseslerindeki su tiiketimi ve organik yiik [8]

Operation/Process | Water consumption (% from total | Organic load (% from total
consumption of the textile plant) | organic load of the textile plant)
Minimum |Medium [Maximum | Minimum | Medium | Maximum

General facilities |6 14 33 0.1 2 8

Preparation 16 36 54 45 61 77

Dyeing 4 29 53 4 23 47

Printing 42 55 38 42 59 75

Wetting 0.3 04 0.6 0 0.1 0.1

Fabrics washing 3 28 52 1 13 25

Finishing 0.3 2 0.1 3 7

Diinya Bankasi, endiistriyel su kirliliginin % 17- 20'sinin boyama ve bitim islemlerinden geldigini
tahmin etmektedir [35]. Sadece boyama atik suyunda yaklagik 72 toksik kimyasal madde tespit

edilmis olup bunlarin 30'u temizlenememektedir [33].

Tablo 4. Tekstilin ¢esitli asamalarinda su kirliliginin kaynaklari [37]

Process Possible Pollutants Nature of Effluent
Starch, glucose, PVA,
Desizi resins, fats and waxes Very small volume, high
€SIZINE | o notexertahigh |BOD (30-50% of total), PVA.
g
BOD.
Caustic soda, waxes, Very small, strongly alkaline,
o soda ash, sodium ; -
Kiering | ...~ : X dark color, high BOD values
silicate and fragments of] .
cloth (30% of total)
Hypochlorite, chlorine, Small volume, strongly
Bleaching | caustic soda, hydrogen | alkaline, low BOD (5% of
peroxide, acids. total)
Small volume, strongly
Mercerizing| Caustic soda alkaline, low BOD (Less than
1% of total)
Dye stuff, mordant and . i
reducine asents like Large volume, strongly
Dyeing . g sents _ | colored, fairly high BOD (6%
- sulphides, acetic acids :
of total)
and soap
D Dye, starch, gum oil, Very small volume, oily
Printing china clay, mordants, ' s -
acids and metallic salts |2PPearances, fairly high BOD.
Traces of starch, tallow,| . "
Finishin: salts, special finishes Very small volume, less
| S specls Hmshes, alkaline, low BOD.

Tekstil tiretiminden elde edilen islenmemis atik su, kullanilan kimyasallara ve uygulanan siireclere
bagl olarak biiyiik dlgiide degisebilen BOI ve KOI degerlerine, toplam askida katt madde, yag ve gres,
siilfidler, siilfatlar, fosfatlar, krom, bakir ve diger agir metallerin tuzlarimi igerebilir. Bunlardan en
onemlileri KOI, BOI, pH, yaglar, nitrojen, fosfor, siilfatlar ve askida kati madde (SS) olarak
diisiiniilmektedir [58, 59]. BOI ve KOI degerleri yiiksek &n terbiye islemleri kirlilik énleme ve azaltma
tedbirlerinde 6nemli yer tutmaktadir [34]. Siilfatlar ve fosfatlar ¢ok yiiksek konsantrasyonlarda
toksiktir. Stilfatlarin neden oldugu problemler, genellikle pH'1 degistiren giiglii asitler olusturabilme
yetenegi ile iliskili iken, fosfat yilizey sularinda 6trofikasyona neden olur [11].

Tablo 5. Pamuklu kumasin terbiye islemlerine ait atik suyunun temel 6zellikleri [12]

Process COD, BOD, TS, TDS, pH Colour | Water usage,
gOyL | gOyL g/L g/L (ADMI) | L/kg product
Desizing 4659 1.7-5.2 |16.0-32.0 - - - 39
Scouring 8.0 0.1-29 [ 76-174 - 10-13 694 26-43
Bleaching 6.7-135 | 0.1-1.7 | 2.3-144 | 48-195 | 8.5-9.6 153 3-124
Mercerising 1.6 0.05-0.1 | 0.6-19 43-46 [5595 - 232-308
Dyeing 1.1-46 [ 0.01-1.8 | 0.5-14.1 0.05 5-10 | 1450-4750 8-300

3. Enerji tiikketimi

Tekstil ve konfeksiyon sanayinde gerek makinelerin calistirilmast ve {iretim, gerekse iiretimin
gerceklestirilecegi ortamin iklimlendirilmesi ve aydinlatilmasi i¢in c¢esitli enerji tiirlerine gerek
duyulmaktadir. Dokumada ve terbiyede yaygin olarak 1s1, konfeksiyonda buhardan ya da elektrik
enerjisinden faydalanilir [13]. Elektrik tekstil endiistrisinde; sogutma, sicaklik kontrolii, aydinlatma,
makine ve ofis ekipmanlar1 i¢in kullanilan ana enerjidir. Akaryakit, LPG, komiir ve dogal gaz ise
yaygin olarak buhar tiretmek icin kullanilir [50].



Tekstil, diisiik verimlilik ile liretim yapan ve dolayisiyla yliksek miktarda enerji tiikketen bir sektordiir.
2008 yilinda yillik tekstil iiretiminin 60 milyar kg kumas oldugu, enerji ve su ihtiyacinin 1,074 milyar
kWh elektrik (veya 132 milyon ton komiir) ve 6-9 trilyon litre su oldugu tahmin edilmektedir [54].
Kumasin metre basina ihtiya¢ duydugu toplam termal enerjinin (hem tiretim hem de tiiketici kullanimi
dahil) 18,8-23 MJ ve elektrik enerjisinin 0.45-0.55 kWh oldugu rapor edilmistir [48].

Is1 enerjisi, terbiye islemlerinde egemen olup, agirlikli olarak kullanilacak olan suyu 1sitmak ve tekstil
malzemelerini kurutmak icin kullanilirken, iplikcilikte ve dokumada elektrik enerjisi kullanimi
yaygindir [49]. Elektrik enerjisi tiiketici kullanimi sirasindaki yikama siireclerinde(% 75-80) {iretim
siirecine gore daha fazla tiiketilir [52].
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Sekil 2. Entegre tekstil isletmelerinde elektrik ve 1s1 enerjisi giderlerinin dagilimi [49]

Enerji, tekstil endiistrisinde ana maliyet unsurlarindan biridir. Ozellikle enerji fiyatlarindaki artis ve
degiskenlik tekstil fabrikalar1 i¢in enerji verimliliginin arttirilmasini gerektirmektedir.

Tekstil endistrisinin bir tlkede tiikettigi toplam enerji, o Gilkedeki imalat sektoriniin yapisina baghdir
[11]. Ornegin, Cin'deki tekstil endiistrisi nihai enerji kullaniminin yaklagik % 4'inii olustururken [38],
bu pay ABD'de % 2'den azdir [61].

Tekstil endiistrisinde kullanilan yiiksek miktardaki enerji yenilenemez kaynaklardan elde edildiginden
stirdiirtilebilirlik agisindan biiyiik dezavantaj olusturmaktadir. Yenilenebilir enerjinin kullanilabilecegi
olanaklar; riizgar enerjili turbo vantilatorlerin iiretim tesisi ¢atilarina yerlestirilmesi, lif iiretimindeki
kurutmada ve sicak su kullanilmasi gereken terbiye islemlerinde giines enerjisi kullanimi olarak
sayilabilir [11].

4.Atik iiretimi

Diger endiistrilerde oldugu gibi tekstil de sivi, kat1i ve gaz formunda endiistriyel atiklarin tiim
kategorilerini iiretir. Tekstilden elde edilen kati atiklar; kiiller ve ¢amur, karton kutular, balya sarma
filmi veya geri doniistiiriillemez kirlenmis kumas, kimyasal hammadde igeren plastik posetler, tekrar
kullanilabilir olmayan kagit koni ve tiipler, atik kumaslar ve ipliklerdir [11]. Atik kumaslarin en biiyiik
sebeplerinden biri olan hizli moda ve tek kullanimlik giyim, bir Amerikalinin yilda ortalama 31 kg
giyecek ve tekstil malzemesi atmastyla sonuclanmaktadir [7]. Ingiltere'de de durum benzerdir [2].

Cop biriktirilen alanlara gonderilen kati tekstil atiklar1 % 100 geri doniistiiriilebilir olmasina ragmen
[53] tekstil geri doniisiim oranlar1t ABD gibi gelismis iilkelerde bile % 15 civarindadir [75]. Bu
atiklarin yaklasik yiizde 80’ inin sentetik, geri kalanlarinin da dogal elyaftan oldugu belirtilmektedir
[28].

Mevcut atik yonetimi; yakma (enerji geri kazanimiyla), tekrar kullanim ve geri dontistimdiir. Tekstil
atiklarinin  geri  doniistliriilmesi i¢in mevcut veya gelistirilmekte olan birka¢ farkli teknoloji
bulunmaktadir [64]. Bunlardan bir tanesi mekaniksel geri doniisiimdiir ve SOEX grubu [72], 10 farkli
iilkede, yilda 15.000 tonun iizerinde giyim esyasini insaat ve otomobiller i¢in yalitim malzemelerine
donustiirmektedir. Teijin Fibre Ltd., Patagonia Inc. ile isbirligi yaparak %100 poliester atik
kumaslardan PET graniiller elde etmektedir [46]. Diger bir teknoloji ise Isve¢li Re:newcell sirketi
tarafindan gelistirilen, atik seliilozik tekstillerden viskoz lifleri {ireten bir siirectir [70]. Bagka bir



teknolojide ise seliilozik ve sentetik liflerin NMMO (N-methylmorpholine-N-oxide) ile ayristirilmasi
ve geri doniistiiriilmesi 6nerilmistir [32].

Sodyum hidroksitin merserizasyon banyolarindan geri kazanilmasi konsantre ¢dzeltinin 1sitilmasi ile
saglanmaktadir [65]. Bu islem ile sodyum hidroksitin % 90" geri kazanilabilir. EVAC vakum emme
sistemi, terbiye proseslerinden hidrojen peroksitin, tekstil yardimci maddelerinin ve bitim
kimyasallarinin geri kazanilmasina yardime1 olur [69]. Tekstil atik suyuna dnemli KOI katkis1 yapan
polivinil alkol (PVA) hasilinin geri kazanimi ve geri doniisiimii i¢in ultrafiltrasyon (UF) ters osmoz
(RO) teknolojisi 35 yildan daha eski olmasina ragmen bir¢ok dezavantaji nedeniyle yaygin sekilde
kullanilamamaktadir. Bu durum, PVA hasilinin geri kazanimi ve doniigiimii i¢in yeni bir teknolojiye
ihtiya¢ duydugunu gostermektedir. VFE (Vacuum Flash Evaporation) yeni bir teknolojidir ve UF’ nin
dezavantajlarini ortadan kaldirmaktadir. VFE, geri kazanim icin ¢esitli endiistrilerde kullanilmais,
ancak heniiz tekstilde kullanilmamaktadir [26].

Tablo 6. Tekstil {iretimi sirasinda ortaya ¢ikan tekstil atiklar 6zet tablosu [40]

Solid wastes

Emission Wastewater

Process

Fiber preperation Little/none Little/none Fiber waste and packaging waste
Yarn spinning Little/none Little/none Packaging wastes ,sized yarn, fiber
waste,cleaning and processing waste
Slashing/sizing VOCs BOD, COD, metals, cleaning Fiber lint, yarn waste, packaging waste,
waste, size unused starch-based sizes
Weaving Little/none Little/none Packaging waste, yarn and fabric scraps, off-
spec fabric, used oil
Knitting Little/none Little/none Packaging waste, yarn and fabric scraps, off-
spec fabric
Tufting Little/none Little/none Packaging waste, yarn and fabric scraps, off-
spec fabric
Desizing VOC:s from glycol ethers BOD from sizes lubricants, Packaging waste, fiber lint, yarn waste,
biocides, anti-static compounds cleaning and maintenance materials
Scouring VOCs from glycol ethers Disinfectants, insecticide  Little/none
and scouring solvents residues, NaOH,detergents, oils,
knitting lubricants, spin finishes,
spent solvents
Bleaching Little/none H,0,, stabilizers, high pH Little/none
Singeing Small amounts of exhaust Little/none Little/none
gases from the burners
exhaustic which components
Mercerising Little/none High pH, NaOH Little/none
Heatsetting Volatilisation of spin finish  Little/none Little/none
agents-synthetic fiber
manufacture
Dyeing VOCs Metals, salt, surfactants, organic  Little/none
processing  assistants, cationic
materials, color, BOD, COD,
sulphide, acidity/alkalinity, spent
solvents
Printing Solvents, acetic acid-drying Suspended solids, urea, solvents, Little/none
and curing oven emissions color, metals, heat, BOD, foam
combustion, gases
Finishing VOCs, contaminants in COD, suspended solids, toxic Fabric scraps and trimmings, packaging
purchased chemicals, materials, spent solvents waste
formaldehyde vapors,
combustion gases

5.Hava emisyonlari

Hava kirliligi, insanlara veya diger canli organizmalara zarar veya rahatsizlik veren veya dogal ortama
zarar veren kimyasal maddelerin, parcaciklarin veya biyolojik materyallerin atmosfere girmesidir [57].
Tekstil islemlerinden ¢ikan hava kirleticilerinin miktar ve tipleri ile ilgili spekiilasyonlar olmasina
ragmen genel olarak emisyon verileri kolaylikla bulunmamakla birlikte bir¢ok islemin emisyona sebep
oldugu bilinmektedir. Gaz emisyonlari, tekstil endiistrisi i¢in ikinci en biiylik kirlilik sorunu olarak
belirlenmistir. toz, yag dumani, asit buhari, koku ve kazan egzozlar1 emisyon kaynaklaridir [41].



Tablo 7. Kirleticilerin insan lizerindeki etkileri [57]

Pollutants Effects on human being Sources

Sulpher di oxide Irritates respiratory system and causes bronchitis ~ Boiler flue gas, rayon plant etc.

Aldehydes Irritates all parts of respiratory system Polyester plant
Chlorine Causes lung irntation and also irritation ineyes  Processing house
Carbon di oxide Depnives body cells of oxygen and cause Boler house

unconsciousness by CO combining with
haemoglobin

Tekstil isletmelerindeki kazanlar genellikle azot ve siilfiir oksitler emisyonuna sebep olurlar. Bu gazlar
dogal ortamimn pH dengesini bozarak canlilarin yasamimni tehdit ederken, metal yapilarin da
bozulmasina neden olurlar. Yakilan fosil yakitlar da sera etkisine birincil katkida bulunan karbon
dioksit emisyonlarina katkida bulunur [11]. Tekstil proseslerinde burugmazlik bitim iglemi, kurutma
islemleri, baski, boyama ve atik su aritma tesisleri diger dnemli hava emisyon kaynaklaridir. Kurutma
ve fikse islemlerinde kullanilan yiiksek sicakliktaki kurutma makinelerinden kullanilan mineral
yaglardan dolay1 hidrokarbonlar agiga c¢ikar. Bu islemler formaldehit, asit, yumusatict gibi bilesiklerin
de yayilmasina sebep olabilir [57]. Elyaf hazirlama isleminden kalan atiklar bazen 1s1l fikse islemi
sirasinda emisyona sebep olabilir [45].

Tablo 8. Tekstildeki hava emisyonlari [57]

Process

Source

Pollutants

Energy production

Coating, drying and

Emissions from boiler

Emission from high temperature ovens

Particulates, mitrous oxides (Nox) sulphur dioxide (SOz)
Volatile organic components (VOCs)

curing
Cotton handling Emissions from preparation, carding, combing, and fabrics Particulates
activitics manufacturing
Sizing Emission from using sizing compound (gums, PVA) Nitrogen oxides, sulphur oxide, carbon monoxade.
Bleaching Emission from using chlorine compound Chlorine, chlorine dioxide
Dyeing Disperse dyeing using carriers : Sulphur dyeing Carners
Aniline dyeing HaS
Aniline vapors
Printing Emission Hydrocarbons, ammonia
Finishing Resin finishing. Heat setting of synthetic fabrics Formaldchyde

Carners - low molecular weight
Polymers - lubricating oils
Chemical storage Emissions from storage tanks for commodity and chemicals

Emissions from treatment tanks and vessels

Volatile organic components (VOCs)

Waste water treatment Volatile organic components, toxic emissions

Tekstillerde asetik asit ve formaldehit de dnemli emisyon kaynaklaridir. Kullanilan boyama islemi
tiirline gore boyamadan ve atik su igleme tesislerinden ¢ikan keriyerler ve ¢oziiciiler de emisyona
sebep olabilir [9].

6. Tasima

Tekstil ve hazir giyim sektorli; imalat kaynagi, elyaf iiretimi, renklendirme ve terbiye islemleri,
konfeksiyon, ambalajlama, tasima, geri doniisiim ve/veya nihai yok etme gibi uzun ve karmasik bir
imalat zincirinden olusur [10].

Bitmis {irlinlerin ve yar1 mamiillerin tasinmasi da bu kapsamda incelenir. Bunlar1 isgiicii ve iiretim
maliyeti diislik iilkelerdeki fabrikalardan gelismis iilkelerdeki tiiketiciye ulastirmak i¢in uzun mesafeli
nakliye gereklidir. Bu durum, tiiketilen yenilenebilir olmayan yakit miktarinin artmasina sebep olarak
tekstilin siirdiirtilebilirliginin 6niinde engel teskil etmektedir [11].



7. Paketleme materyalleri

Paketleme isleminin bes temel amaci; iirlinli nakliye ve saklama sirasinda olusabilecek hasarlardan
korumak, iirlinleri birlestirmek, iirlinlerin kullanimi, atilmasi1 ve tasinmasi ile ilgili bilgileri aktarmak,
pazarlama ve iiriin hirsizliginin 6nlemektir [30].

Gilinimiizde kullanilan paketleme formlar1 genellikle petrol bazli materyallerden tiretilmektedir ancak
yakin bir zamanda paketleme islemi, yeniden kullanim ve geri doniisiim konularinda kat1 kurallarla
kars1 karsiya kalmistir [30]. Konfeksiyonda toplamda harcanan 2.472MJ enerjinin % 49.8’1 dikimde,%
29.6’s1 kesimde,% 20.6’s1 ambalajlamada kullanilir [17].

Avrupa Birligi’nde uygulanmakta olan “Paketleme ve Paketleme Ati§1”’na dair 94/62 / EC numarali
direktif bir¢ok paket tiplerinin gozden gegirilmesini zorunlu kilmistir. Bu direktif, ambalajlama ve
ambalaj atigina iliskin birtakim sartlar1 belirtir. Ayni1 zamanda, geri doniisiim hedefleri ve agir metaller
icin maksimum seviyeler belirler. Ambalaj atiklarinin azaltilmas: cevresel etkilerinin en aza
indirilmesinin en iyi yollarindan biridir. Tekstilde kullanilan ambalaj malzemelerinin karbon ayak
izleri, geri doniisiimden, biyolojik olarak bozunabilir ve bocek ilact veya suni giibre kullanilmadan
yetistirilen dogal tiriinlerden elde edilen malzemeler kullanilarak azaltilabilir [11].

Sonug olarak siirdiiriilebilir temiz tekstil iiretimi hammaddeden baslayan, paketleme ve bitmis iiriiniin
tilketiciye ulastirilmasi da dahil olmak {izere geri doniisiimiinii de kapsayan bitmeyen bir siirectir.
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OZET

Diinyadaki teknolojik gelismeler, niifus artis1 ile beraber enerji tiikketimini de hizla arttirmaktadir.
Enerji tiiketiminin artmasi ililke ekonomisine yiik getirmesinin yani sira g¢evre kirliligine de yol
acmaktadir. Sinirli fosil yakit kaynaklari ile enerji ihtiyacini uzun siire karsilayabilmek i¢in enerjinin
verimli sekilde kullanilmasi gerekmektedir [10].

Binalardaki istenmeyen 1s1 kazanimi ve 1s1 kayiplar1 enerji etkinligini dogrudan etkileyen iki 6nemli
konudur. Binalarda istenen termal konfor sartlarin1 saglamak icin 1sitma, sogutma, havalandirma ve
aydilatma amac1 ile enerjinin énemli bir kismi tiiketilir [9]. Binalarda kullanilan enerjinin ortalama
%25't sadece pencerelerden kaybolmakta, yaz aylarinda icerdeki 1s1 artisinin %50'si de yine
pencerelerden olmaktadir. Buradan yola ¢ikilarak pencerelerde uygun perde sistemlerinin
kullanilmasiyla 6nemli oranda enerji tasarrufu saglanabilecegi goriilmektedir. Bu bildiride literatiir
calismalaria dayali olarak uygun perde ve perde sistemleri yardimiyla binalarda saglanabilecek enerji
tasarruf potansiyeli ortaya konulmaya ¢alisilmaktadir.

ABSTRACT

The technological developments in the world rapidly increase the energy consumption together with
the population increase. Increasing energy consumption leads to environmental pollution besides
burdening the economy of the country. Energy needs to be used efficiently in order to meet long-term
energy needs with limited fossil fuel resources.

Undesired heat gain and heat losses in buildings are two important issues that directly affect energy
efficiency. A significant portion of the energy is consumed with heating, cooling, ventilation and
lighting purposes to ensure the desired thermal comfort conditions in buildings. An average of 25% of
the energy used in buildings is lost only from the windows, and 50% of the increase in heat in the
summer months is again from the windows. From here it can be seen that by using appropriate curtain
systems in windows, energy saving can be achieved considerably. In this report, with the help of
appropriate curtains and curtain systems based on the literature studies, it is tried to put energy saving
potential which can be obtained in the buildings.

GIRIS

Enerjinin verimli kullanilmasi enerji kaynaklar1 bakimindan biiylik oranda disa bagimli olan iilkemiz
icin biiyiik 6nem arz etmektedir. Konutlarda, sanayide, tarimda, ulasimda ve yasamin diger alanlarinda
enerji maliyetlerini diisiirmek, iilke ekonomisine katkida bulunmak, iilkemizin enerjide disa
bagimliligin1 azaltmak ve gelecek nesillere yasanilabilir bir ¢evre birakmak i¢in enerji kaynaklarini
verimli kullanmak gerekmektedir. Enerji verimliligi, binalarda yasam standardinin ve hizmet
kalitesinin, endiistriyel isletmelerde ise iiretim kalitesinin ve miktarinin diislisiine yol agmadan, birim
hizmet veya iiriin miktar1 bagina enerji tikketiminin azaltilmasi olarak tarif edilebilir [17].



Bugiin diinyadaki insan niifusunun yaklasik yaris1 kentlerde yasamaktadir. 2030 yilina kadar diinya
genelinde kentsel niifusun %70 artmasi beklenmektedir. Sehirlesme ile birlikte gelen baslica
problemlerden biri de sehirlerdeki 1sinmadir. Sehirler kirsal bolgelere gore daha ¢ok i1sinmaktadir.
Ozellikle yaz aylarinda kentlerde, giinesten gelen isinimlar, 1s1y1 biinyesinde uzun siire tutabilen
maddelerden yapilmis binalar tarafindan emilir. Gece hava 1sist diistiigiinde bu binalar tarafindan
sogrulmus 1s1, sehri 1sitmaya devam eder. Kentsel bolgelerin kirsal bolgelere gore sicakliklarinin
binalarin ¢oklugu nedeni ile fazla olmasima Kentsel Is1 Adas1 Etkisi, KIAE (Urban Heat Island Effect)
denir [7].

Toplam Giines
Radyasyonu

KWh/m% yil

. I 1400 - 1450
ol O g - (] 1450- 1500

B W . e R i S : [ 1500- 1550

. 5 R [] 1550 - 1600
[ 1600 - 1650
[ 1650 - 1700
[ 1700 - 1750
Il 1750 - 1800
I 1800 - 2000

Sekil 1. Tiirkiye’nin Glines Enerjisi Potansiyel Atlasi

Ulkemizde konut sektoriinde 1sitma ve sogutma amagh enerji tiiketimi, tiiketilen toplam enerjinin
%70'1 gibi ¢ok yiiksek bir oranin1 olugturmaktadir. Avrupa Birligi'nde ise bu rakam %57 dir ve %25'i
sicak su tiretimi icin kullanilmaktadir. Binalar sektoriinde tiiketilen yiiksek orandaki enerji talebinde
Tiirkiye’nin iklim sartlar1 etkilidir. Yaz aylarinda iklim sicak ve kuru, kis aylarinda ise nemli ve
yagishdir. Bununla birlikte i¢ bdlgelerde, iklim sartlari nedeniyle yaklasik alti ay siiresince 1sitma
ihtiyact ve giiney bolgelerinde agirlikli olmak iizere yaz aylarinda sogutma ihtiyaci olmaktadir. Bu
nedenle alinacak en énemli 6nlem, binalarin soguk mevsimlerde 1s1 kayiplarina; sicak bolgelerde de 1s1
kazanimina kars1 giiglendirilmesi; yani etkin bir 1s1 yalitimidir [8]. Istatistiki bilgilere gére; ayn1 iklim
sartlarinda ve ayni1 kullanim alanina sahip bir konutun enerji tiiketiminin Fransa, Almanya, Ingiltere,
Isvec gibi iilkelere gore bizde 2-3 kat fazla olmasi, iilkemizde ozellikle 1s1 yalitiminin yeterince
onemsenmediginin bir gostergesidir [19].

Yapilan c¢aligmalar, binalarda kullanilan enerjinin ortalama %25'inin sadece pencerelerden
kayboldugunu ortaya koymaktadir. Dolayistyla, pencerelerden meydana gelen kayiplarin azaltilmasi
hem iilkemiz ve hem de tiiketiciler acisindan ¢ok biiylikk 6nem tagimaktadir. Nitekim Gavle
Universitesi'nde (Isve¢) yapilan bilimsel bir arastirma, pencerelerde enerji tasarruflu perdelerin
kullanilmasiyla 1sitma ve sogutmada harcanan enerjinin %20-30 oraninda azaltilabilecegini ortaya
koymustur [15].
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Sekil 2. Binalarda meydana gelen 1s1 kayiplari

Pencerelerin enerji verimlilik performansi binalarin enerji derecelendirilmesinde onemli bir yer
almaktadir. Tirkiye'de 5627 sayili Enerji Verimliligi Kanunu’nun Binalarda Enerji Performans
Yonetmeligi'nin yiiriirliige girmesinden sonra pencerelerin enerji verimliligi zorunlu hale gelmistir
[20]. Ne var ki, bu kanunda pencerelerde perde ve perde sistemleri yardimiyla enerji verimliliginin
gelistirilmesine yonelik dogrudan bir madde yer almamaktadir.

Enerji kaynaklarmin giin gegtikce yok olmasina bagli olarak enerji tiiketiminin azaltilabilmesi igin
¢Oziimler aranmaktadir. Bunun i¢in yapilarda enerji korunumu oncelik kazanmakta ve enerji
tilketiminin azaltilmasina yonelik tasarimlar 6nem kazanmaktadir. Yapilarda enerji akis1 farkl: yollarla
gerceklesmektedir. Yapr kabugunda ise enerji akisinin en fazla gergeklestigi bilesen pencerelerdir.
Pencerelerin enerji ile ilgili performansi alt bilesenlerinin performansina baglidir [13]. Pencerelerin 1s1l
performanslarinin degerlendirilmesinde, en sik bagvurulan performans gostergeleri:

- Ist korunum diizeyi, (Uo)

- Giines kontrolii diizeyi, (SC, SHGC, F pen),

- Giinesten 1s1 kazanci diizeyi, (SC, SHGC, F pen)

- Giines kontrolii yaparken giinis1g1 yeterliliginin saglanmasi (Dx > 1,0)’dir [3].

» Pencerelerden Is1 Kayiplar:

Kis aylarinda soguk dis hava ile bina igerisindeki isitilmig havanin arasinda olusan biiyiik sicaklik
fark1 sebebiyle, bina igerisindeki 1s1 siiratle bina disina dogru hareket eder, catidan, pencereden ve
biiyiik miktarda duvardan kacar.

Disar1 kagan 1smin yerini doldurmak i¢in, daha ¢ok enerji harcariz. Bina dig duvarlarinda, disaridan bir
181 yalittimi1 uygulamasi var ise, disart dogru kagmaya calisan 1s1, yaliim levhalarindan az geger,
dolayistyla i¢ havay1 siirekli 1sitmaktan kurtuluruz. Isitmak igin sarf edecegimiz yakit 6nemli dlciide
azalir. Bu durum hem bireysel ekonomiye, hem devlet ekonomisine hem de hava kirliliginin
azalmasma biiyiik katki saglanmis olur. Bu arada bina dig duvarmi disaridan yalitirken, ¢ati ve
pencereler i¢in de gerekiyorsa bodrum tabani i¢in de tedbir alinmalidir.

Pencereyi olusturan ¢erceve sistemleri ile birlikte cam sisteminin ara bosluk gazi, mesafesi, cam tiirleri
mekanin 1s1l performansin1 dogrudan etkilemektedir. Golge elemanlar: ise tiiriine, kesit kalinligina,
sistemdeki yerine bagli olarak farkli performans degerleri sunmaktadir [13].
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Gece Termal Is1 Kayiplar:

Sekil 3. Kis aylarinda pencerelerdeki termal davranis ve kaybedilen 1s1

Isil gegirgenlik katsayisi (U degeri), giines 1s1 kazang katsayisi (SHGC) ve 151k gegirgenlik (VT) basta
olmak tizere, hava-su sizdirmazlik, yogusma direnci Ozellikleri pencere sistemlerinin enerji
performansini belirlemektedir. Pencerelerde 1s1 akisi ii¢ yolla gerceklesir. Bunlar iletim, taginim ve
istmimdir. letim, kati, s1vi veya gaz fazlar arasindaki; tasinim kat1 ve akiskan fazlar arasindaki; 1s1nim
ise boslukta, araciya gereksinim duymadan gerceklesen 1s1 transferidir (Sekil 4). Iletim cam ve gerceve
boyunca, taginim cam sistemi ara boslugu ile i¢, dis ylizeyler arasinda, 1g1nimsa hava boslugunun her
iki tarafindaki cam yiizeylerde olusur [13].
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Sekil 4. Pencere boyunca gerceklesen 1s1 transfer bilesenleri

fletim, tasmim ve uzun dalga 1smimi yoluyla pencerelerde sicak taraftan soguga 1s1 transferi
gerceklesir ve pencere sistemi bilesenlerinin bu transfere diren¢ kapasitesi yalitim degeri (R degeri)
olarak tanimlanir. Toplam 1s1 transfer katsayisi ise 1s1l gegirgenlik katsayisidir (U degeri) ve i¢-dis
ortam arasinda bir birim hava sicaklig1 degisimiyle eyleme gecen, birim zamanda, birim alan boyunca
gerceklesen 1s1 transfer miktaridir ve W/m’K ile ifade edilir.

> Pencerelerden Is1 Kazanimlar:

Evlerdeki istenmeyen 1s1 artisinin %50°si pencereler yoluyla gerceklesir. Cati, doseme ve dis duvarlar
yalitim malzemeleriyle uygun bir sekilde yalitilarak enerji kaybi azaltilabilir. Ancak pencerelerde
yalitim malzemesi bu yiizeylerdeki gibi kullanilamaz. Bu nedenle ¢ok pencereli ortamlarda sorun
oldukca biiyliyecek ve enerji kaybi oldukea artacaktir [2]. Yaz aylarinda pencereler istenilen giin 15181



