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Questions

a. (Paragraph A) Which restriction exists in color glass recycling?
b. (Paragraph B) Which color is due to a natural source?
c. (Paragraph B) Name TWO colors which can protect foods from oxidizing.
d. (Paragraphs B, C) Why are blue and green glass in the same color group?
e. (Paragraph C) At which stage of recycling are colors separated?
f. (Paragraph D) What are "glass fines"?
(Paragraph D) What is the problem of color defining of glass fines?
h. (Paragraph E) State THREE traditional uses of glass fines.

i. (Paragraph E) Write TRUE or FALSE for the following statement:
The new approach to the problem of glass fines treats metal additions in colored glass as

impurities.

j- (Paragraph E) In which form must glass be to become purified from metal additions?
Refer to TWO kinds of cleaning in your answer.
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Properties of Saturated Water (Liquid-Vapor): Pressure Table
Pressure Conversions: Specific Volume Internal Energy Enthalpy Entropy
i 4 Gk R N Wikg | Ml ] Wkg-K
Sat Sat Sat Sat Sat Sat Sat Sat
Press. Temp. Liquid Vapor Liquid Vapor Liquid Evap. Vapor Liquid Vapor Press.
) bar 5" vy X 10° v, uy ug hy by he S B bar
0.04 28.96 1.0040 34.800 121.45 | 2415.2 121.46 | 2432.9 | 2554.4 | 0.4226 | 8.4746 0.04
0.06 36.16 1.0064 23.739 151.53 | 2425.0 151.53 | 2415.9 | 2567.4 | 0.5210 | 8.3304 0.06
0.08 41.51 1.0084 18.103 173.87 | 2432.2 173.88 | 24031 | 2577.0 | 0.5926 | 8.2287 0.08
0.10 45.81 1.0102 14.674 191.82 | 2437.9 191.83 | 2392.8 | 2584.7 | 0.6493 | 8.1502 0.10
0.20 60.06 1.0172 7.649 251.38 | 2456.7 251.40 | 2358.3 | 2609.7 | 0.8320 | 7.9085 0.20
0.30 69.10 1.0223 5.229 289.20 | 2468.4 289.23 | 2336.1 | 2625.3 | 0.9439 | 7.7686 0.30
0.40 75.87 1.0265 3.993 317.53 | 2477.0 317.58 | 2319.2 | 2636.8 | 1.0259 | 7.6700 0.40
0.50 81.33 1.0300 3.240 340.44 | 2483.9 340.49 | 2305.4 | 2645.9 | 1.0910 | 7.5939 0.50
0.60 85.94 1.0331 2.732 359.79 | 2489.6 359.86 | 2293.6 | 2653.5 | 1.1453 | 7.5320 0.60
070 [ 89.95 | 10360 2.365 376.63 | 2494.5 | 376.70 | 2283.3 | 2660.0 | 11919 | 7.4797 0.70
0.80 93.50 1.0380 2.087 391.58 | 2498.8 391.66 | 2274.1 | 2665.8 | 1.2329 | 7.4346 0.80
0.90 96.71 1.0410 1.869 405.06 | 2502.6 405.15 | 2265.7 | 2670.9 | 1.2695 | 7.3949 0.90
1.00 99.63 1.0432 1.694 417.36 | 2506.1 417.46 | 2258.0 | 2675.5 | 1.3026 | 7.3594 1.00
1.50 111.4 1.0528 1.159 466.94 | 2519.7 467.11 | 2226.5 | 2693.6 | 1.4336 | 7.2233 1.50
2,00 | 120.2 1.0605 0.8857 504.49 | 2529.5 504.70 | 22019 | 2706.7 | 15301 | 7.1271 2.00
2.50 | 127.4 1.0672 0.7187 535.10 | 2537.2 535.37 2181.5 | 2716.9 | 1.6072 | 7.0527 2.50
3.00 | 133.6 1.0732 0.6058 56115 | 2543.6 561.47 | 2163.8 | 2725.3 | 1.6718 | 6.9919 3.00
3.50 | 138.9 1.0786 0.5243 583.95 | 2546.9 584.33 | 2148.1 | 2732.4 | 1.7275 | 6.9405 3.50
4.00 | 143.6 1.0836 0.4625 604.31 | 2553.6 604.74 | 2133.8 | 2738.6 | 17766 | 6.8959 4.00
4.50 | 147.9 1.0882 0.4140 622.25 | 2557.6 623.25 | 2120.7 | 2743.9 | 1.8207 | 6.8565 4.50
5.00 | 1519 1.0926 0.3749 639.68 | 2561.2 640.23 | 2108.5 | 2748.7 | 1.8607 | 6.8212 5.00
6.00 | 158.9 1.1006 0.3157 669.90 | 2567.4 670.56 | 2086.3 | 2756.8 | 1.9312 | 6.7600 6.00
7.00 | 165.0 1.1080 0.2729 696.44 | 2572.5 697.22 | 2066.3 | 2763.5 | 1.9922 | 6.7080 7.00
8.00 | 170.4 1.1148 0.2404 720.22 | 2576.8 72111 | 2048.0 | 2769.1 | 2.0462 | 6.6628 8.00
9.00 | 175.4 11212 0.2150 741.83 | 2580.5 742.83 | 20311 | 2773.9 | 2.0946 | 6.6226 9.00
10.0 179.9 1.1273 0.1944 761.68 | 2583.6 762.81 | 2015.3 | 2778.1 | 2.1387 | 6.5863 10.0
15.0 198.3 1.1539 0.1318 843.16 | 2594.5 844.84 | 1947.3 | 2792.2 | 2.3150 | 6.4448 15.0
20.0 212.4 1.1767 0.09963 906.44 | 2600.3 908.79 | 1890.7 | 2799.5 | 2.4474 | 6.3409 20.0
25.0 224.0 11973 0.07998 959.11 2603.1 962.11 1841.0 | 2803.1 | 2.5547 | 6.2575 25.0
30.0 233.9 1.2165 0.06668 1004.8 2604.1 | 1008.4 1795.7 | 2804.2 | 2.6457 | 6.1869 30.0
35.0 242.6 1.2347 0.05707 1045.4 2603.7 | 1049.8 1753.7 | 2803.4 | 2.7253 | 6.1253 35.0
40.0 250.4 1.2522 0.04978 1082.3 2602.3 | 1087.3 17141 | 28014 | 2.7964 | 6.0701 40.0
45.0 257.5 1.2692 0.04406 1116.2 2600.1 1121.9 1676.4 | 2798.3 | 2.8610 | 6.0199 45.0
50.0 264.0 1.2859 0.03944 1147.8 2597.1 1154.2 16401 | 2794.3 | 2.9202 | 5.9734 50.0
60.0 275.6 1.3187 0.03244 1205.4 2589.7 | 1213.4 1571.0 | 2784.3 | 3.0267 | 5.8892 60.0
70.0 285.9 1.3513 0.02737 1257.6 2580.5 | 1267.0 1505.1 | 27724 | 3.1211 5.8133 70.0
80.0 295.1 1.3842 0.02352 1305.6 2569.8 | 1316.6 1441.3 | 2758.0 | 3.2068 | 5.7432 80.0
90.0 303.4 1.4178 0.02048 1350.5 2557.8 | 1363.3 1378.9 | 27421 | 3.2858 | 5.6772 90.0
100. 3111 1.4524 0.01803 1393.0 2544.4 | 1407.6 1317.1 | 2724.7 | 3.3596 | 5.6141 100.
110. 318.2 1.4886 0.01599 1433.7 2529.8 | 1450.1 1255.5 | 2705.6 | 3.4295 | 5.5527 110.
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p = 100 bar = 10.0 MPa

(Toar = 311.06°C)

Sat.  0.02352 | 2569.8 | 2758.0 5.7432 0.01803 | 2644.4 | 2724.7 5.6141
320 0.02682 | 2662.7 | 2877.2 5.9489 0.01925 | 2588.8 | 2781.3 5.7103
360 0.03089 | 2772.7 | 3019.8 6.1819 0.02331 | 2729.1 | 2962.1 6.0060
400 0.03432 | 2863.8 | 3138.3 6.3634 0.02641 | 2832.4 | 3096.5 6.2120
440  0.03742 | 2946.7 | 3246.1 6.5190 0.02911 | 2922.1 3213.2 6.380¢
480  0.04034 | 3025.7 | 3348.4 6.6586 0.03160 | 3005.4 | 3321.4 6.6282
520  0.04313 3102.7 | 3447.7 6.7871 0.03394 | 3085.6 | 3425.1 6.6622
560  0.04582 | 3178.7 | 3545.3 6.9072 0.03619 3164.1 | 3526.0 6.7864
600  0.04845 | 3254.4 | 3642.0 7.0206 0.03837 | 3241.7 | 3625.3 6.9029
640 0.05102 3330.1 | 3738.3 7.1283 0.04048 | 3318.9 | 3723.7 7.0131
700 0.05481 | 3443.9 | 3882.4 7.2812 0.04358 | 3434.7 | 3870.5 7.1687
740 0.05729 | 3520.4 | 3978.7 7.3782 0.04560 | 3512.1 | 3968.1 7.2670
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Recycling colored glass

Colored glass is part of our everyday life. It is manufactured like clear glass, but with a small amount of
additional ingredients. These ingredients affect color, reflectivity, and mechanical properties of the final

product. Colored glass can be recycled, but not with clear glass, as it will diminish its quality.

There are three main colors: blue, brown (amber), green. Blue glass is used for food and beverage
containers as well as for home design. This color is due to iron atoms which are naturally presented in
sand. Brown glass is the result of carbon, nickel and sulfur purposedly added to molten glass. This color
is the best defense for foods and drinks which would easily oxidize in the presence of sunlight. Green
glass is created by adding copper, iron and chromium to molten glass. It can preserve foods and drinks

not only from exposure to sunlight but from extremes of temperature.

The recycling of colored glass is performed like of any other glass product, namely by breaking glass into
pieces, purifying, separating colors (blue and green are in the same group), washing, crushing, melting and

then forming. New wine and beer bottles are made from green and brown recycled glass.

But is the picture really this bright and simple? Unfortunately, it is not. Colored glass presents an
additional challenge to the recycling process. At the very start of recycling, when glass is broken into
pieces, some of the pieces, called glass fines, become too small. Because glass fines are so small, they
may still be marked non-clear by the optical color-sorting process, but their actual color will remain
undefined. If so, glass fines can not be processed into a new bottle or jar. However, colored glass is too

important and too expensive to be thrown away or used like non-recyclable glass waste.

Traditionally, glass fines have been used for thermal insulation for prefabricated pipes and panels, concrete
aggregate, glass foam, decorative objects, porcelain, glazes, and artisanal purposes. In the last few years,
environmental engineers have suggested a new approach to the problem of glass fines: to not sort but
rather to clean from all impurities, including not only organic contaminants, but the metal additions which

form the color itself. The resulting product is the best quality clear glass.

Their suggestions include: 1. Thermal based cleaning at 550°C for 15 minutes inside a furnace. The
glass becomes malleable but not liquid, and all organic material is removed. 2. Chemical cleaning which

removes metal when the glass is heated to liquid.

The merit of this research is clear, helping divert waste from landfills and reducing reliance on virgin

materials.
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modulus of elasticity y Lgrall Jolas NPVLOINX 1IN
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cooling cycle XOMOAMIbHBII IUKIT 2ol 8590 MNPP IMNN

disengaging clutch/coupling | [TpegoxpanurenbHas mydTa gsb o8 ¥2Y3) THNN

friction clutch/coupling dpuknuonHas Mydra JISSa) pauls TI2°N 708N
Koaddunuent ¢ s
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