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Utilization of centrifuged residue from concentrated latex factories
and ash from smoked rubber sheet factories as a binder
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Abstract

This research aimed to utilize of centrifuged residues from concentrated latex industry and ash
from smoked sheet rubber factory to produce a solidified material. The study steps included 1) the study of
the generation rates of centrifuged residues and ash from the rubber factories, 2) the chemical and physical
characteristics of centrifuged residues and ash with focusing the components of binder elements such as
SiO,, AL,O, and CaO, 3) examination to obtain the mixture ratio for the suitable solidified material and 4)
use the mixture ratio obtained to produce the solidified material product. The results illustrated that the
generation rates of centrifuged residues and ash were 40 kg/tones of concentrated latex product and 65
kg/tones of smoked sheet rubber product. Ash from the smoked sheet rubber factories contains with high
amount of the binders in terms of CaO (38.7%) and SiO, (6.11%) as well as contains of K,O (19.22%). It
was found that the binder elements contained in ash were determined to be higher than the binder elements
in centrifuged residues from concentrated latex factories. The solidification test with cement addition
illustrated to be faster than ash and centrifuged residues addition. The compressive strength of the
solidified materials was observed to be higher if the maturation time was longer. The test with higher ash
addition gave the higher compressive strength. The compressive strength of ash addition was found to be
higher than centrifuged residues addition. The leachate obtained from the leaching test with water of the
solidified materials illustrated to compose of plant nutrients in terms of N, P and K, as well as heavy
metals of Zn and Mg. However, the wet extraction test in order to assess the hazard was shown that it was
safe to utilize the centrifuged residues and ash from the rubber industries for solidified material production.
The experimental results illustrated that ash and centrifuged residues could be used as the mixtures for
produce the solidified materials with low compressive strength. They could be used in place of the natural
additives such as sand, but not well used for cement replacement. This study illustrated that the 1:1:1:1
mixture ratio of cements, sand, ash and centrifuged residues was the best mixture to produce the solidified
material use for low compressive strength decorated material. This material could be also used as a source
of nutrient release. For solidified material used for decoration the tree pot and supporting the nutrients
release, the 1:1:2 mixture ratio of cements, ash and centrifuged residues and the 1:3 mixture ratio of
cements, and centrifuged residues were determined to be suitable to produce. The material cost of the
solidified material production of the 1:1:1:1 mixture ratio of cements, sand, ash and centrifuged residue

made with the rectangular size of 30 x 30 x 5 cm’ was determined to be 9.25 Baht/ piece.
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Ad' =2 [ dy
19190 4. NaﬂTiﬁﬂH1ﬂmﬂﬂ1&lm$ﬂ]6\1ﬂ1ﬂﬂlllﬁ\1

o o o o o 2 . a H
amls AINDHWIaN aailu line NAAYDIIIHIY
nay £SD nag (THESNY ) Wade [RagLSD Wae

AUANHUZNIIMYNIN
mmwumﬁuﬁmdwﬂaﬂ( kg/mS) 989+408 644-1,333 1,013+398 733-1,176 1,004+311 736-1,117
AW (%) 72+7.83 44-77 56+31.09 34-66 62+30.87 41-79
TS (%) 28+18.73 23-56 44+30.36 34-66 38+30.87 31-59
@y MUAi
pH 8.78+2.07 7.30-9.49 9.05+2.51 6.94-9.71 8.71+2.40 6.91-9.56
VS (%TS) 58+2.96 51-61 57+3.58 52-63 58+3.30 53-61
Ash (%TS) 42+2.92 39-49 43+3.58 37-48 42+3.34 39-47
NH;-N (% dry weight) 2.44+2.02 1.11-7.45 2.40+1.11 0.97-3.57 2.53+0.95 1.17-3.73
Org-N (% dry weight) 2.96+1.41 0.95-5.13 2.76x1.40 0.80-4.26 2.49+1.02 1.03-3.96
TP (% dry weight) 3.59+2.72 2.99-4.89 5.54+1.78 4.09-6.12 2.86+0.49 2.57-3.12
TN (% dry weight) 5.39+2.01 3.05-9.14 5.16x1.24 2.96-6.83 5.01+0.87 3.51-6.30
Mg (% dry weight) 1.99:1.25 1.64-3.05 2.06+1.18 1.54-2.58 2.04+1.15 1.45-2.79
K (% dry weight) 0.42+0.22 0.30-0.59 0.41+0.46 0.21-0.67 0.56+0.45 0.37-0.83
Zn (% dry weight) 0.07+0.09 0.04-0.15 0.10+0.13 0.06-0.12 0.11+0.24 0.04-0.28
Ca (% dry weight) 0.08:0.20 0.03-0.25 0.04£0.07 0.02-0.09 0.04=0.06 0.02-.09
Na (% dry weight) 0.01£0.00 0.005-0.01 0.01+0.00 0.005-0.01 0.01+0.00 0.005-0.01




Ad' @ = dy Y
M319h 5. Snvazmaaiivesniniuila lag 1y X-Ray Fluorescence

fmls A9 Y esumathena
INAELSD Weres INAELSD nee INALLSD Wee

MgO (%) 10.63+1.424 9.59-11.6 15.9+2.26 14.37-17.52 11.1542.037 9.84-12.69
ALO, (%) 1.85+1.70 0.76-3.14 0.24+0.19 0.12-0.38 0.41-0 36 0.14-0.64
Si0, (%) 4.74+5.08 2.02-8.81 0.79+0.55 0.34-1.08 1.02:£0.48 0.68-1.35
PO, (%) 31.69+2.40 29.73-32.68 39.2043.84 36.53-41.96 32.4243.35 29.75-34.28
SO, (%) 0.36:0.08 0.30-0.63 0.47£0.22 0.31-0.63 0.77-£0.90 2.47-3.00
KO (%) 2.1120.60 1.65-2.48 1.97+1.05 1.26-2.74 27240.38 2.47-3.00
Zn0 (%) 1.34+0.29 1.13-1.53 2.49+1.13 1.63-3.21 2.70+2.38 1.16-4.50
Rb (%) 0.10+0.03 0.07-0.10 0.06+0.00 0.06 0.08::0.02 0.06-0.09
CaO (%) 0.8620.30 0.67-1.09 0.624+0.51 0.37-1.08 0.73-£0 45 0.46-1.08
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v Y
M99 6. ANHAUSNINMINNLALIAL YD IUTIN 1395060

manines Nae AunaESD
AMANHUZMIMENIN

ANUHUIUY (kg/m)) 845-1,501 1,218+337

Gl Aum

nau laifinau

AN (%) 14.84-17.11 15.07 +2.21

AMANHAUTMAAIN

pH 12.46-12.67 12.56+0.11
TP as P (% dry weight) 1.88-2.23 2.03+0.18
TK as K (% dry weight) 8.90-11.99 10.30+1.56
MgO (%) 2.50-3.30 2.82+0.60
ALO,(%) 0.92-1.32 1.08£0.30
Si0, (%) 5.07-7.18 6.11+1.49
SO, (%) 1.64-2.78 2.07+0.89
Cl (%) 0.13 0.13+0.00
CaO (%) 36.96-41.02 38.70+£2.96
Fe,0, (%) 0.60-3.14 1.5441.97
MnO, (%) 1.66-2.45 2.00+0.58
7Zn0 (%) 0.08-0.09 0.09+0.01
Rb (%) 0.11-0.31 0.21+0.14
SrO (%) 0.15-0.21 0.18+0.04
P,0, (%) 2.70-5.03 3.92+1.65
K,0 (%) 17.04-23.47 19.2245.21
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a [ = d” dy Y Aq U
MINN 7. aﬂymgﬂ]Qﬂ18ﬂ1Wl!a$%1\1lﬂﬁJm@\1ﬂ]ﬂsllllﬁ\jlmgmlﬂTVﬂ%iﬂﬂTTﬂﬂaﬂQ

NaMIAATITH
W'Iﬁ'lﬁ!ﬂﬂ% ﬂ'lﬂ‘ﬁ!!ﬂﬂ 2
3 v VI
fann failu 11931819
AUANHUTNIINEMNN
G gummie | dnummsern | daummieun Aum
UIOUHADI UMDY DUINADY
. wou Tantle wou Tantle wou Tuile
nau < . < . < . Taifinau
antles antloy antles

ﬂ’ﬂlléli;lu (%) 43.60 34.35 40.85 14.84
ANUHUMUY (kg/m) 730.35 ND ND 845
AuANHUZMIUAI
pH 9.06 9.19 8.70 12.54
Ash (%TS) 39.50 39.60 40.00 ND
VS (%TS) 60.50 60.40 60.00 ND
TN (% dry weight) 3.90 4.15 5.62 ND
TP (% dry weight) 4.89 6.12 2.88 ND
TK (% dry weight) ND 0.421 0.625 10.41
Mg (% dry weight) ND 2.562 2793 0.20
Zn (% dry weight) ND 0.146 0.281 0.05
MgO (%) ND 15.48 12.69 3.30
ALO (%) ND 0.12 0.45 1.32
Sio, (%) ND 0.34 1.01 7.18
SO, (%) ND 0.48 0.48 1.64
Cl (%) ND - - 0.13
CaO (%) ND 0.37 0.46 38.13
Fe,0, (%) ND . - 0.60
MnO, (%) ND . - 1.66
Zn0 (%) ND 0.64 2.43 0.08
Rb (%) ND 0.06 0.08 0.11
SrO (%) ND - - 0.15
PO, (%) ND 39.12 34.28 5.03
K,0 (%) ND 1.92 247 17.04

Note: ND : not determined, -: not detected
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a o ¥ 3 Ayy
M1I1N9N 9 Llﬂﬂ\‘]aﬂymg‘ﬂ1\1ﬂ”|flﬂ1W"IJ’EJ\1ﬂ’E)1!LL‘lN‘VIl1ﬂ

¥ ANNHEWUY AW ANUNTY AN (%)
naoes | M207u gssuvnedi (%)
(g/cm’) 2071 Yun 10 Fu | vuii2o Fu | i 28 S

n-1 2.08 2.08 10.57 4.95 5.23 2.62
n-2 2.10 2.10 12.20 5.94 5.45 3.91
n-3 1.94 1.94 8.23 4.18 3.23 2.83
V-1 1.00 1.00 ND 67.63 62.37 51.40
V-2 0.94 0.94 ND 61.95 56.17 4791
V-3 0.70 0.70 ND 77.38 80.20 83.13
f-1 1.48 1.48 31.88 25.27 18.09 15.58
f-2 1.65 1.65 13.85 19.33 9.95 5.47
-3 1.51 1.51 45.51 33.67 31.10 24.26
f-4 1.12 1.12 59.16 40.40 28.06 33.06
-5 1.63 1.63 15.95 10.40 11.76 10.47
-6 1.41 1.41 38.52 27.65 23.63 17.23
-7 1.32 1.32 43.79 31.48 21.63 15.16
-8 1.68 1.68 220.38 15.90 12.23 8.43
f-9 1.04 1.04 20.27 19.80 18.02 14.58
A-10 1.21 1.21 25.80 31.00 22.07 14.49
A-11 1.51 1.51 49.31 32.98 31.58 27.76
A-12 1.31 1.31 34.16 27.13 22.43 24.34
3-1 ND ND 32.59 ND ND ND
32 ND ND 51.59 ND ND ND
-3 ND ND 34.42 ND ND ND
-4 ND ND 43.22 ND ND ND
-5 ND ND 31.12 ND ND ND
-6 ND ND 36.95 ND ND ND

Note ND: not determined
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4 J @ @ Y 3 A
ﬂ131\1ﬁ 10. ﬂTﬂ"IiT]JU,ﬁQ@ﬂm@ﬂjﬂﬂﬁ}@uuﬂlﬂﬁﬂﬂﬁﬂu

FANAADI MI5U15990 (ksc)
A 12 S Y 30 S

n-1 95.06 95.48
n-2 22.38 63.12
n-3 15.46 22.63
V-1 - 1.09
U-2 - 0.91
-3 - -
-1 5.55 24.48
-2 - 13.16
f-3 ND 6.00
f-4 - 0.66
-5 3.57 8.11
-6 2.18 3.15
A-7 - -
n-8 - -
f-9 18.92 27.16
A-10 - 2.64
A-11 - 5.51
A-12 5.34 5.56
-1 ND 7.15
3-2 ND 2.79
3-3 ND 9.54
3-4 ND 3.03
3-5 ND 10.33
3-6 ND 4.72

A 1 Y A 1 o 4
wanewe) : - Ao linadou 1@ iesnluamnsosvusina laluvaznaaeu

ND: Not determined

21




4 1 IS J oy { Y <
VniNﬁ 11. AN UNTAAI TDS uazTDVS@ummﬁmumsmé’mmzmwﬁmanaﬂﬁ’amm

TDS* TDVS* pH
FANAAD 724 i 724 72 724 i a8 72
Falug #alug FaTug Falua #alug Hlus | ¥alua
A-1 1484.45 | 284493 | 738.17 737.00 12.38 13.46 13.57
-2 124325 | 1971.63 | 22681 366.41 12.27 13.37 13.47
n-3 144234 | 128275 | 76549 | 45124 12.26 13.23 13.28
-1 9322.89 | 1087631 | 3123.65 | 3848.05 8.84 8.23 8.15
V-2 13421.51 15309.09 6769.11 5297.17 7.98 7.86 7.81
V-6 8540.85 62454.43 6791.52 38736.33 7.71 7.49 7.36
f-1 7632.25 13527.45 3144.83 4081.25 12.57 12.92 12.96
-2 10665.41 ND 2190.00 ND 12.89 13.06 ND
-3 14339.05 | 18691.59 | 670.58 | 5080.17 12.71 12.94 12.97
-4 7343.49 4419.92 3102.63 1331.83 12.24 11.76 11.69
f-5 6928.52 | 6771.76 | 1456.56 | 1986.04 12.59 12.83 12.86
-6 11075.65 | 23637.65 | 1092.67 | 4805.57 12.73 13 13.11
-7 9842.15 | 10736.95 | 3027.13 | 1736.70 11.96 12.17 12.37
f-8 627532 | 7408.84 | 1444.68 | 1049.44 10.94 11.12 11.31
f-9 20607.97 | 11818.98 8859.06 1257.83 13.06 13.15 13.4
f-10 8859.79 6941.57 3734.55 1185.15 12.37 12.74 12.96
fA-11 23057.94 | 19436.19 3607.59 1680.40 13.13 13.17 13.35
fA-12 18595.87 | 11790.19 | 6406.14 | 6787.17 12.91 12.92 13.13
31 11008.48 ND 1606.98 ND 13.05 13.25 ND
-2 13209.98 ND 791.69 ND 10.17 10.05 ND
3 15390.35 ND 2647.09 ND 13.12 13.27 ND
-4 13907.57 ND 1078.91 ND 12.27 12.75 ND
-5 16353.32 ND 2372.05 ND 13.04 13.28 ND
-6 11634.55 ND 714.65 ND 11.93 12.58 ND

2
] o Y < .
XA *H1I8f0 ug“lum%/gu,ﬁ'wanaﬂﬁ'amm, ND: not determined
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Faquanlumsdugidoundsaziiuua Tiulumsianlase K eonuigeanini lulduidmse 14adlu
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wmbhmniutlwazidunlszgnaiuluiaquanuidsdmsuauanuasaiu uonvne 1ialse Tomnd
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q

H [ 3’ [ 3 {
M3197 12. A1 TN, TP, TK, Mg tag Zn lunhsedrauazmsseduvosigadouuisinaaou

YANAADdI TN TP TK Mg Zn
n-1 1.51 4.86 752.73 0.68 0.05
-2 2.74 4.14 278.82 0.36 0.07
n-3 6.39 3.31 259.94 0.39 0.02
V-1 764.25 211.25 2073.93 90.72 70.98
V-2 1891.07 244.49 2242.51 214.68 32.47
-3 691.36 170.11 2915.06 220.85 205.00
f-1 241.13 9.62 3708.92 430 0.79
f-3 903.65 10.82 5057.47 1.66 0.17
-4 1267.63 17.17 1662.35 6.22 0.49
f-5 112.43 5.42 1374.21 1.32 0.08
f-6 363.67 16.59 3006.55 1.87 0.16
-7 612.41 23.94 3969.85 6.70 0.77
f-8 22991 37.17 2572.49 35.82 3.49
f-9 161.39 5.46 3977.22 30.68 2.04
f-10 114.85 13.12 2895.13 6.77 0.61
f-11 312.09 9.83 8210.10 8.99 0.78
f-12 545.44 5.75 3719.13 3.69 0.39
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= J = . £ va == a ~
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' Y

HANANNY 2INNITATINONAIT WU ALO, uaz  Sio, iamsilgaseriuiualsiinaiuein

Aaaa @ 1 3’ [ = Aaa S Aaa ~ ] = d o I Y
Ugnse lamssuszunaihiny lasunadoudamna uaz launaiFousamnanoedluiudwua ilila

D.
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a15szneu 2 viia Ao uaaFeudamna lamsa (CSHuazuaaiFonlanson laa (Ca(OH,) Tngh
~ Aaa o 9 A d =2 ~ o PR
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va 1 A o Aaan [ . a I = Y o
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ARIE, 2548)
dy Y 1 A dy 9 = 4 A wvAa
NNMINAARUTDIAY WU gANAaeINUdIuHaNYoIv19zieanlsznounlguautia 1y

Y A

=2 1 Aa dy 1 Aa dy
ﬂTﬁElﬂ‘ﬂ3$€T1H1J1ﬂﬂ’31‘]§ﬂ‘ﬂﬂﬁﬂﬂﬂuﬁ’]uﬂﬁuﬂl@ﬁﬂWﬂﬂlllﬂﬁ HEAAINLANAADINUAIUNTUUDIUVNIY

24



= Iy 1 d'd 1 dy d!
ﬂ'JuJﬁ’l?JWﬁfJGluﬂ’lﬁﬁlﬂﬂﬁ%ﬂWNVlﬂﬂﬂ'ﬂ“lﬁ]WﬂﬁﬂQﬂNﬁQUWﬁNﬂlﬂ\‘]ﬂWﬂﬂluﬂﬂ FITTIUITOLUTAINANTT
N s ~ @ v 3 v A Y o ~ A
'Jl,ﬂi"lgW'ENﬂ1]53ﬂ'f)UV]"NmﬁJGU@Q'Jﬁﬂﬂ@ulﬁlﬂﬂ?ﬂmiﬂﬂ X-ray fluorescence (XR_F) 1@@\‘]@]151\1% 14 N

Yy ' A < 2y A 7 . ' '
ADANADNNU TﬂfJWTJ'J"I"IZﬂTlﬁJﬂ"IﬁmﬂJﬂTﬂ‘ULLﬁQLLa%WLﬂTﬂgﬂﬂQﬂﬂixﬂﬂﬂmﬂﬂ SIO2 1ag CaO UINNILE

T A [l 1 A 9 o = [
Wl ALO, linnnganugunims lsdwuaiiuastalszeuvedn

a ' Ay ¥ o o Y} 2 Y an .
M1319% 13. A1 pH L1ae Zn Glusll'f]\‘llﬁﬁ'lcﬂulﬂ%'lﬂﬂ'lﬁﬁﬂﬂﬂﬁﬂﬂflullﬂl\‘]ﬂ'}ﬂ'}‘ﬁ wet extraction test

YANAAD pH Zn Zn
(ug‘lufawz/guﬁ’wm Thhaia
Jaanouuda) (mg/L)
n-1 12.88 2.05 0.492
n-2 11.72 0.70 0.169
n-3 12.31 2.38 0.573
V-1 6.58 428.57 59.22
V-2 6.48 123.94 16.79
V-3 5.61 432.33 55.59
-1 11.71 2.01 0.417
n-3 11.72 2.19 0.406
f-4 10.29 14.19 2.71
-5 10.41 2.55 0.565
-6 10.44 2.99 0.618
n-7 9.75 10.30 2.067
-8 7.12 1.86 0.434
-9 12.93 2.06 0.435
A-10 10.79 2.97 0.592
A-11 12.13 1.66 0.297
f-12 11.86 1.25 0.244
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Y [ @ <3 a L4 4
ﬂ151\1'ﬁ 14. aﬂ‘]elﬂl$“VINLﬂfJGll’E'J\1'Jﬁ@]fg]j@ullellQ%WﬂﬂWﬁﬂlﬂi1$ﬂﬁl'§ULﬂ§ﬂ\‘l XRF

a d y
Nﬁﬂ1§3!ﬂ§1$ﬁﬁ]ﬂ!ﬂ§ﬂﬂ XRF (%)

FANAADY

MgO ALO, Sio, P,0, S0, K,0 Ca0 TiO, MnO, Fe,0, ZnO Rb SrO
-1 0.69 4.56 42.52 1.73 3.22 37.53 2.79 0.05 0.04
n-2 1.01 4.56 32.97 0.26 1.72 341 44.34 3.02 0.06 0.05
n-3 0.84 2.7 26.97 0.26 1.05 1.51 47.07 1.73 0.02 0.10
f-1 1.90 1.90 19.73 3.25 1.15 3.34 46.17 0.25 2.20 0.22 0.03 0.07
f-3 3.80 1.26 5.36 6.36 1.53 2.81 47.13 0.24 1.68 0.52 0.03 0.07
-4 5.45 1.20 5.95 10.81 1.28 0.96 40.77 1.56 0.81 0.02 0.05
f-6 3.55 1.88 18.04 6.98 1.51 3.40 42.60 0.33 1.51 0.33 0.04 0.07
f-9 2.55 2.49 19.43 4.37 1.96 3.12 46.44 0.20 0.22 2.40 0.20 0.04 0.07
f-10 5.23 2.89 29.04 10.70 1.68 3.24 37.35 0.22 2.17 0.63 0.05 0.05
f-11 4.06 1.18 5.89 8.09 1.47 5.15 48.37 0.49 1.87 0.54 0.04 0.09
fn-12 3.95 2.27 20.80 7.84 1.94 6.48 44.45 0.80 2.10 0.49 0.05 0.09
3-1 3.22 1.88 13.95 4.10 1.89 3.82 51.91 0.39 2.02 0.37 0.08
3-3 3.24 1.79 14.31 4.76 1.59 3.67 53.26 0.44 2.02 0.25 0.03 0.08
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