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APPENDIX 1

Determination of % N content by Kjeldahl method
1. Effect of KOH concentration on 9% N

KOH % Total nitrogen % Nitrogen
(sewrv) reduction
0 0.481+0.02 0
1 0.20X0.06 40
3 0.1210.01 77
5 0.0030.01 81
7 0.10%0.02 79
10 0.10%0.02 81

2. Effect of Isopropanol concentration on %N

Isopropano! | % Total nitrogen % Nitrogen
(%v/v) reduction
0 0.0910.01 81
1 0.1140.02 81
2 0.11%0.02 81
3 0.13%0.03 75
4 0.11%0.01 77
5 0.1110.01 77
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3. Effect of Temperature on %N

Temperature | % Total nitrogen % Nitrogen
(°c) reduction
40 0.51+0.03 30
20 0.20%0.01 60
60 0.15%0.02 71
70 0.11%0.01 80
80 0.11%0.01 80

4, Effect of time on %N

Time % Total nitrogen % Nitrogen
(hour) reduction

0 0.27%0.02 51

1 0.18%0.01 67

2 0.13%0.02 76

3 0.11%0.01 80

4 0.1230.03 77

S 0.1120.01 a0




Efficiency of alkali soiution for saponification of solid crumb rubber
1.

APPENDIX 2

Efficiency of alkali solution for saponification of ammoniated crumb rubber

Number of recycling alkali solution

(time)

% Total nitrogen
( n=4)

0

0.5410.04

0.2510.01

0.25X0.02

0.2410.02

0.2710.07

0.2310.01

0.241+0.03

0.2310.02

0.3710.03

OB NI | B W] WMN

0.5210.01

ank
o

0.5510.01
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2. Efficiency of alkali solution for saponification of skim crumb rubber

Number of recycling alkali solution
(time)

% Total nitrogen
(n=4)

0

2.6840.03

0.221+0.02

0.21%0.01

0.21%0.02

0.23+0.04

0.2410.02

0.361+0.02

1.2510.12

0| Nt b w]| w]| M

1.6010.06

2.4210.04

-
ol @

2.5110.01
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APPENDIX 3

Summary of cure parameters of compound rubber from SAP-NR
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Sampie Scorch time Cure time Torque rise Cure rate
{min) {min) (Kg-cm) {Kg-cm/min)

C-P 3.19 413 15.44 16.56
C-AL 3.23 419 16.83 14.77
SAP-AL1 3.53 412 15.99 13.87
SAP-AL2 3.20 3.56 16.16 13.18
SAP-AL3 3.48 4.32 16.19 13.80
SAP-AL4 3.23 4.18 16.19 13.27
SAP-AL5 3.29 3.92 16.00 14.60
C-SK 3.40 3.53 15.81 13.50
SAP-SK1 3.20 4.40 16.37 16.95
SAP-SK2 3.32 4.31 15.68 15.75
SAP-SK3 3.22 3.97 16.59 16.69
SAP-SK4 3.19 4.14 16.66 15.81
SAP-SK5 3.21 4.11 16.14 14.60




APPENDIX 4

Physical properties of valcanizate rubber from SAP-NR

1. From ammoniated crumb rubber and commercially used, TTR 5L

106

Physical test Cc-P C-AL | SAP-AL1 | SAP-AL2 | SAP-AL3 | sAap-aAL4 SAP-ALS
(STR 5L)

Hardness 65 64 64 65 65 63 86

(Type A) |

300% Modulus 45 41 50 56 49 47

(kg/cm)®

Elongation at 663 750 6586 678 654 698 666

break (%)

Tensile strength 134 130 117 128 116 133 121

(Kgsem’)

Tear strength 69 65 66 68 59 62 62

(kg/cm)

Specific gravity 1.11 1.14 1.13 1.13 1.12 1.14 1.13




2. From ammoniated crumb rubber and commercially used, TTR 5L
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Physical test C-P C-AL SAP- SAP- SAP- SAP- SAP-
(STR 5L) SK1 sk2 SK3 SK4 SK5

Hardness 65 65 64 63 63 64 62

(Type A)

300% Moduius 45 43 46 44 49 44 48

(kg/cm)’

Elongation at 663 688 667 623 654 683 626

break (%)

Tensile strength 134 121 104 118 119 113 125

(Kg/om”)

Tear strength 69 66 62 56 58 63 54

(Kg/cm)

Specific gravity 1.11 1.14 1.14 1.14 1.12 1.11 1.12
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APPENDIX 5

Molecular welght markers Calibration curve
MW (kD)
100000

10000 \
1000
1 00 I I
20 25 30 356
Refractometer Retention time (min)

Figure A1. Molecular weight markers calibration curve of GPC
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APPENDIX 6
Protein determination-Modified Lowery ' s method
Solution for Modified Lowery method

Solution A Alkali copper sulfate (10 parts of C: 0.2 part of D)
Solution B : Dilute Folin Reagent
Solution C : 6 % w/v of sodium carbonate
Solution D : 1.5% w/v of copper suifate in 3%w/v of soedium citrate
Solution DA : Alkali copper sulfate (10 parts of DC: 0.2 part ofDD)
Solution DC : 6 % w/v of sodium carbonate
Solution DD : 3%w/v of sodium citrate

Measurement water extractable protein with CuSO, by modified Lowry method

Protein samples were assayed by the micro —plate modified Lowry method as
followed: solution A 200 LU was added to 50 JU! of sample solution in each welis of

micro titer plate, mixed and allowed for 15 min at room temperature. Then 50 LI of
solution B was added and measured for absorbance at 750 nm after 15~20 min. The
0.D,,, was subtracting from the blank, which was water. Protein contents were

evaluated from standard ovalbumin. The standard protein was done like this method
except 50 LU of 0-50 Lig ovalbumin was used instead of sample solution.
Measurement water extractable protein without CuSO, by modified Lowry method

Protein samples were assayed by the micro ~plate modified Lowry method as
foliowed: solution DA 200 Ll was added to 50 LU of sample solution in each wells

of micro titer plate, mixed and allowed for 15 min at room temperature. Then 50 I of
solution DB was added and measured for absorbance at 750 nm after 15-20 min.
The 0.D,,, was subtracting from the blank, which was water. Protein contents were

evaluated from standard ovalbumin. The standard protein was done like this method

except 50 LU of 0-50 Lig ovalbumin was used instead of sample solution.



The absorbance 0.D,,, of protein sampie
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Sample 0.0 0.0, CuSO, 0.D,,, no Protein, Lig Protein,
CuSO, Hg/mi
C-AL 0.406 0.343 0.083 2.6 3.25
SAP-AL1 0.118 0.070 0.046 2.4 1.83
SAP-AL2 0.502 0.267 0.235 12 8.00
SAP-AL3 0.491 0,271 0.220 11 4,40
SAP-AL4 0.240 0.12¢ 0.114 5.5 1.60
SAP-ALS 0.469 0.242 0.227 11.3 7.06
C-SK 0.740 0.625 0.215 10.5 13.12
SAP-SK1 0.188 0.177 0.012 1 0.07
SAP-SK2 0.249 0.172 0.077 3.8 0.245
SAP-5K3 0.293 0.221 0.072 3 1.00
SAP-SK4 0.280 0.230 0.060 2.5 0.412
SAP-SK5 0.259 0.200 0.099 4.7 0.783
Water extractable proteins of non-saponified and saponified rubber
Sample Weight, g Extracted Redissovled Pratein,
volume, mi volume, LI Hg/g
C-AL 0.80 8 500 32.5
SAP-AL1 4.70 47 1,600 15.3
SAP-AL2 4.00 40 1,500 0
SAP-AL3 3.00 30 600 44
SAP-AL4 5.50 55 800 16
SAP-ALS 4.80 48 1.500 70
C-SK 0.80 8 500 131.2
SAP-3K1 6.0 60 210 7.0
SAP-SK2 6.0 60 210 2.5
SAP-SK3 6.0 60 1,000 10
SAP-SK4 6.0 60 500 4.1
SAP-SK5 6.0 60 500 7.8
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Calculation

C-AL: 0.D,,, = 0.083, Protein evaluated from standard protein ovalbumin = 2.6 jig
Extraction: 0.8 g of C-AL / B ml of water then the solution was Iyophilized and re-
dissolved of 500 L water

There fore water extractable protein = 2.6 x 500 7 50 = 26 g

Total water extractable protein = 26 {\g

n

26 / 8 = 3.25 Ug/ml
32.5 Ug/g

0.0 750 ]

* CusQ,

B 1o CuSQ,

4 CuSO,- no CusO,

0 25 50 75 100 1256 180

Ovalbumin, pig/mi

Figure AB. Standard curve of Ovalbumin measured by modified Lowry
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APPENDIX 7

Solution for SDS-PAGE
1. Tris glycine eletrode buffer
(25 mM Tris, 182 mM glycine)

Tris 3.0 ¢
Giycine 144 g
SDS 50 g
H,0 ' 11
2. Tris~-HCi stock solution pH 8.8
(2 M Tris)
Tris 242 g
H,0 100 m!

(adjust pH to 8.8 with HCl_, Or 0.1 M NaOH)
3. Tris-HCI stock solution pH 6.8
(1 M Tris)
Tris 122 g
H,0 100 ml
(adjust pH to 8.8 with HCI___ Or 0.1 M NaOH)
4. Sample buffer
Tris-HCI stock solution pH 6.8 0.6 mi

10 % SDS 2 mi

2 ~mercaptoethanol 0.5 ml

1% bromophenol blue 1 m!

H,0 0.9 mi
5. -Acrylamide stock (30%)

Acrylamide 30

Bis 08 ¢

H.,O 100 ml
6. Ammonium persulfate 0.1 g/mi

7. 15% Separating gel
Stock gel (30%) 5 mi



Stock buffer pH8.8
H,0
Ammonium persulfate
TEMED

8. Stacking gel
Stock gel (30%)
Stock buffer pH 6.8
H,0
Ammonium persulfate

TEMED
9. Staining solution
Commassie Blue R-250
Methano!
Glacial acetic acid
_ H,O
10. Destain solution
Glacial acetic acid
Methanol
H,0

2.5
2.5

50

2.3
1.0
2.3

30

1.0

450
100
450

100
100
800

ml

ml
31
31

mi
mi

mi
LU
LU

mi
mi

ml

ml
mil

mil
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APPENDIX 8

Molecular Welght Markers Calibration Curve
MW (kD)
100
L]
L)
L 4
10 T
0 0.2 0.4 0.6 0.8 1
Relative Mobility (Rf)

Figure. A3 Molecular weight markers calibration curve of SDS-PAGE



Statistical calculation:

APPENDIX 9

Statistical analysis of variance of nitrogen of ammoniated crumb

115

Sample | DF S8, SS, F X S.D t
c 3 2x10™ - 0.016 { 0.490 | 9.5710° | 6.05
S 9 - 0.373 0.29 0.048

F,q5—value from table at 3,9 df. Is 8.81

t,o, — value from table at df.12 is 3.055

Reject H i WL = L,

Statistical analysis of variance of nitrogen of skim crumb

Sample | DF | Ss, ss, F X S.D t
C 3 |6x10™ - 0.011 | 1.85 0.13 71.9
S 9 - 0.0193 0.12 0.04

F,es—value from table at 3,9 df. Is 8.81

t, 0, — value from table at df.12 is 3.055

Reject H, @ L, = LL,

Statistical analysis of variance of ash from ammoniated crumb

Sample | ‘DF | SS, S, F X S.D t
C 3 | ex10” - 0.011 | 0.14 | 0.012 12
S 9 - 0.116 0.85 0.11

F,qs—value from table at 3,9 df. Is 8.81

04s

o507 — value from table at df.12 is 3.055

Reject H @ L, = WL,



Statistical analysis of variance of ash from skim crumb

Sample | DF | Ss, ss, Folx S.D t
C 3 5x10™" - 0.012 0.29 0.012 3.07
S 9 - 0.1172 0.65 0.11

Foss~value from table at 3,9 df. Is 8.81

tyo1 — Value from tabie at df.12 is 3.055

Accept H,: L, = WL,

Statistical analysis of variance of dirt from ammoniated crumb

Sample | DF SS, 8§, - X S.D t
c 3 |2x10™ - 0.057 | 0.09 | 0.001 | 1.13
S 9 - 1.04x10™ | 0.011 | 0.011

Foss-value from table at 3,9 df. is 8.81

t,01 ~ Value from table at df.12 is 3.055

Accept Ho ol = U,

Statistical analysis of variance of dirt from skim crumb

Sampie | DF SS, SS, F X S.D t
C 3 |2x10° - 0.002 | 0.014 | 0.001 | 0.45
S 9 - 2.68x10™ 0.018 | 0.017

Fos5-Value from tabie at 3,9 df. Is 8.81

o1 — value from table at df.12 is 3.055

Accept Hoo W= U,

Statistical analysis of variance of volatile matter from ammoniated crumb

Sample | DF | 'ss, | 'ss, F X S.D t
C 3 |ex10”| - 4.85x10" | 0.76 | 0.011 | 1.45
S 9 - 4,97 1.33 0.74

F, o5 —value from table at 3,9 df. Is 8.81
t, 0, — value from table at df.12 is 3.055

Hoo b, = U,

Accept
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Statistical analysis of variance of volatile matter from skim crumb

Sample | DF SS, 8s, F X S.D t
c 3 |s5x10| - 5.21x10" | 0.63 | 0.013 | 1.14
S 9 - 2.01 0.96 0.57

Fo.e5~Vvalue from table at 3,9 df. Is 8.81

ty 0, — value from tabie at df.12 is 3.055

Accept Hot L, = UL,

Statistical analysis of variance of color from ammoniated crumb

Sample | DF SS, SS, F X S.D t
C 3 2 - 0.56 5 0.58 0.06
S - 10.5 5 1.05

F,¢s—value from tabie at 3,9 df. Is 8.81

t,0, — value from table at df.12 is 3.055

Accept Hot L, = L,

Statistical analysis of variance. of color from skim crumb

Sampie | DF 8§, S§, F X 'S.D T
c 3 1 - 0 5 0.5 17.9
S 9 - 0 5 0

F,s5-value from table at 3,9 df. is 8.81
t,0, — Value from table at df.12 is 3.055

Reject H,: L, = L,
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Statistical analysis of variance of P, from ammoniated crumb

118

Sample { DF SS, Ss, F X S.D t
C 3 8 - 1.04 20 1.63 |8.41
S 9 - 23 28 1.71

F,qs—Vvalue from table at 3,9 df. Is 8.81

t, 0, — value from table at df.12 is 3.055

Accept Ho: M, =,

Statistical analysis of variance of P, from skim crumb

Sample | OF SS, SS, F X 5.0 t
C 3 20 of 0.063 80 1.91 0.75
S 9 - 946 76 20.6

F,¢s—value from table at 3,09 df. Is 8.81

1,4, — value from table at df.12 is 3.055

Accent Hyt K, = H,

Statistical analysis of variance of Mooney from ammoniated crumb

Sample | DF S, 8§, F X S.D t
C 3 8 } 0.10 40 1.63 | 0.06
S 9 - 232 55 4.93

Fo0s—value from table at 3,9 df. Is 8.81
t, o, — value from tabie at df.12 is 3.055

Accept Hyt U, = M,



Statistical analysis of variance of Mooney irom skim crumb

Sample | DF S8, 8S, F X S.D t
c 47 - 0.05 33 3.40 2.46
S - 317.34 56.7 17.8

F,qs-value from table at 3,9 df. Is 8.81

t, o, — value from table at df.12 is 3.055

Accept Hot )L, = UL,

Statistical analysis of variance of PRI from ammoniated crumb

' Sample | DF | ss, | ss, F X s.D t

c 3 2 - 0.001 99 0.58 3.28
S 9 - 3879 64 493

F,¢s—value from table at 3,9 df. Is 8.81

t,o; — value from table at df.12 is 3.055

Reject H - L. = W,

Statistical analysis of variance of PRI from skim crumb

Sample | DF 88, 88, F X S.D t
C 3 20 - 0.063 80 1.91 0.75
S - 046 76 20.6

F,os—value from table at 3,9 df. Is 8.81
1o, — value from table at df.12 is 3.055

H0: ”’1= HZ

Accept
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Statistical analysis allergenic response: Significant difference allergenic response by
EAST test between control and saponified crumb rubber analyzed by Wilcoxon Signed-

Rank Test at 98 % confidence.

Statistical analysis of variance of latex allergen from non-saponfied ammoniated crumb

T o] 1 Z
60 7.5 25 4.6

t — value from table is 18

0.01

Reject H,: L, = LL,

Statistical analysis of variance of latex allergen from non-Saponified skim crumb

T (o] U Z
60 7.5 95 4.6

ty0, — Value from table is 18

Reject H,: L, = L,

Statistical analysis of variance of latex atiergen from saponified ammoniated crumb

T o] U
60 7.5 05

1,0, — value from tabie is 18

Reject H . L. = L,



Statistical analysis of variance of |atex allergen from non-saponified ammoniated

crumb
T G u
60 7.5 25
t - vatue from table is 18

0.01

Reject H,: 1L, = U,
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APPENDIX 10
The cost of saponified fatex (SAP-L)

ltems Price /unit Quatity Total cost
(Baht) used (Baht)

Starting material 39.5 % DRC | 16.5/kg 30 kg 195.52

latex,

rubber content = 11.85 kg

Chemicais
Formic acid 29/kg 0.48 kg 13.92
KOH 65/kg 1.5 kg 97.5
Sodium metabisulfite 25/kg 502 g 0.15
Hydroxylamine hydrochioride 82/kg 17.86 g 1.45
Wing-Stay L 45 /Kg 30 ¢ 1.35

Water for latex dilution 0.28/L 60 L 16.80

Total cost = 326.68 Baht
Yield :6.1 kg of SAP-L, Cost 54 Baht/ kg




The cost of saponified crumb rubber
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Price/unit Quatity used Total cost
ltemns (Baht) (Baht)
Starting material 30.69 % DRC 16.5 100 kg 506
ammoniated latex,
rubber content = 30.69 kg
Chemicals
Formic acid 29/kg 0.19 kg 5.51
KOH 65/kg 1 kg 65
Sodium metabisulfite 25/kg 3g 0.08
Hydroxylamine hydrochloride 82/kg 9g 0.74
Wing-Stay L 45/kg 20 g 0.90
Total £78.23 Baht/19.25 kg
Yield: 19.25 kg SAP-AL Cost =30.04 Baht/ kg
Price /unit Quality used Total cost
ltems Baht (Baht)
Starting material 5% DRC skim 17.50 200 kg 175
latex,rubker content = 10 kg Rubber
Chemicals
Sulphuric acid 3.5/kg 2.3 kg 8.05
KOH 65/kg 1 kg 65
Sodium metabisulfite 25/7kg 3g 0.08
Hydroxylamine hydrochloride 82/kg 9g 0.74
Wing~-Stay L 45/kg 20¢g 0.9

Yield: 9.8 kg SAP-SK

Total cost 249.77 Bant

Cost = 25.49 Baht / kg

SAP-AL: saponified ammoniated crumb rubber, SAP-SK: saponfied skim crumb rubber
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