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ABSTRACT

Ammonia is main chemicals that adding in fresh latex for preserving attack of bacteria,
protecting coagulation of latex and odor. The fresh latex is fed to centrifugal unit to produce the
main produce of concentrated latex and by product of skim latex has to contaminate high
ammonia concentration which must be used a lot of sulfuric acid for coagulation process effective
to high cost and getting skim serum that contained high concentration of sulfate, and that brought
odor problem from hydrogen sulfide gas (H,S) in wastewater treatment system and biogas. The
releasing of ammonia gas from all production areas of concentrated rubber latex industry
generates adverse effects on workers' health, community and the environment. Therefore
objective of this research was to study for the removal of ammonia in skim latex and waste air to
solve a problem of concentrated rubber latex industry. In experiment including two parts are
ammonia removal from skim latex and waste air. The spray column was designed using empty
cylindrical column with 0.48 m diameter, 1 m and 2 m height which installed spiral spay nozzle at
top of column to prevent from plugging of the skim rubber. Ammonia removal efficiency of the
system was monitored as finding for optimum condition of the system. Simulated skim rubber
latex was prepared at 0.3%wt. by mixing between liquid ammonia and water. The effect of spray
angle 60°-120°, air flow rate 200-400 1/min and liquid flow rate 3.0-6.0 I/min was studied for the
removal of ammonia from the simulated latex. The optimize condition of the system was found at
spray angle 120°, air flow rate 300 I/min and liquid flow rate 4.0 I/min. The increasing in tower
height can be increase the ammonia removal efficiency with 8% higher. However, increasing the
number of spray nozzle unable to increase the ammonia removal efficiency. The testing of real
skim latex at the optimum condition was found the system can reduce the NH, at 20% within 2 hr

and effect to reduce the acid consumption 60%. The air released from spray column was
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contaminated ammonia concentration 540 ppmv higher. The bubble column reactor was to
ammonia removal from waste air two type which including ammonia form simulated air and
ammonia released from spray column. At upper part of the reactor was inserted by sponge for
bubble trapping. The laboratory scale of bubble column reactor was studied the two parameters of
air flow rate (0.5-1.5 I/min) ammonia concentration in air (300-1500 ppmv) and comparing
absorption capacity between skim serum and pure water absorbent for finding optimization
condition. The results were found that skim serum has absorption capacity of ammonia form
simulated air 1,100 ppmv better than water absorbent nearly 2 times as air flow rate 1.0 /min.
The removal of waste air from the spray column was absorbed with the water in the pilot scale
bubble column reactor. The result shows that efficiency ammonia removal 100% for 2 hr and
reducing to 30% for 5 hr. The result of this study can be used as guidance to the design and actual
use in the concentrated rubber latex industrial for solving the problem of ammonia removal in

skim latex and waste air.
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BOD COD TKN NH,-N TP SS
Reference pH
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
235210 (2551) 9.02 - - - 338 - 6,381
Tekasakul (lazAME (2006) 6.30 11,830 - 750 - - 8,000
Sompit LagAME (2008) 9.39-10.00 | 12,568-29,313 83,283-288,288 | 2,206-5,900 | 1,736-3,461 | 12.76-41.99 | 1,000-4,200
Thongmak tagAMe (2009) | 9.55+0.21 - 179,682+31,891 1,3721930 - 61134.75 -
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BOD COD TKN NH,-N Sulfate SS
Reference pH

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
naen (2540) 4.77 13,670 32,690 4,620 - - 2,850
IUNU LAZAM (2549) 3.00-5.00 22,000 - 3,000-4,000 - - -
529A (2551) 3.86 - - - 353.03 8,247.45 1,077.78
ﬂﬁ@m1 (2554) 2.00-4.10 5,000-12,510 | 25,000-35,000 350-500 406-2,834 | 25,00-5,000 | 787-2,000
aigﬁuﬁuazﬂmz (2555) 4.32-4.44 8,910-17,980 | 13,401-32,609 563-801 287-557 | 4,947-9,731 615-785
Tekasakul {azame (2006) 4.8 13,760 32,690 13,760 - - 42,550
Danteravanich taAMe (2007) 2.82-5.15 9,116-16,410 | 11,022-26,052 456-3,458 | 406-2,834 - 300-1,320
Sompit LaZAMUS (2008) 2.82-5.15 9,116-16,410 | 11,022-26,052 456-3,458 | 406-2,834 - 300-1,320
Abraham tagaale (2009) 3.6 27,650 38,800 7,000 5,000 - -
Kongjan tagAde (2014) 4.9710.21 - 35,830%1,700 | 5,180£180 - 3,580£130 -

4!
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VHCI
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suasvedlalasnaoin =0.98 ml

anudutuveInialalasnaosn = 0.0002 mol/L
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(0.54_](3min)
min

= 0.206 mg/L 38 0.206 X 10749 /L

o I~ ] 1 {
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24.87dm3/mol
17.03g/mol

ANt UYeIeN Tily = (0.206x103ug/Lj = 300ppmv
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60 2.77 403.81




122

a v Y 9 23 A A o w ¥ o Y v
M1919N 3-9 (D) ﬂ]13“6]]1]GUule@QLlﬂfﬂlE]llIllLuﬂ'ﬂﬂﬂf\nﬁlﬂi]1ﬂﬁ1qu181\1§]1a@\1ﬂ38ﬂ@a3~|u

u
9

4 %} o o . 1 Y Jd a
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NAenAENY 1 W1 YUNIT91A2 120° 6A31M3 1Haved01n e 300 a7 LAZOATING

¥ a
Tvan19he1991a94 3.0-6.0 anT/A9

onaimsivia | nailums | YSnasnlasinms AV VUVD I P
v 1nae
wiheny | iudiede | Tnmasadeg 0.005 M unauonIuile
o (ppmv)
(I/min) (N HCI (ml) (ppmv)
10 3.20 44621
20 3.41 497.11
30 2.76 429.70
6 420
40 2.27 364.01
50 2.36 378.44
60 2.69 406.95
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1 ®3 YUNILI1YAI 120° am1ﬂ15"1wamaqa1mmmzmqmﬂnmam 300 LA 4.0 aA5/UIN

AU
nalumsiy | Fanasildanmsinmsados | anudaduveandanenTanile
feena(ui) 0.005 M HCI (ml) (ppmv)
15 2.70 433
30 2.20 312
45 2.70 412
60 2.60 417
90 2.95 419
120 1.65 265
150 2.41 286
180 2.00 229
210 2.35 251
240 2.29 216
270 2.35 179
300 2.20 164
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gﬂz LU Tﬂﬂ‘ﬂ@u‘ﬂ’lﬂu’lﬂ1ﬂﬁ]’laE]QLLUUW?,‘IU’JUWT (Remrculate) NWHW?ﬁLﬂﬁﬂ%uﬂlﬂaﬂ’J
Y
Lﬁafmsg‘ 1 11 f.quﬂizﬁanm 120° 'E]G]iTﬂ'lill‘ﬂaGU'E]Q'Eﬂﬂ'lﬁllﬂ@i’ﬂﬂﬂ?fﬂﬂﬂ?ﬁ@ﬂ 300 uaz 4.0

N340 e u

nalumsiy | Fanasildanmsinmsados | anudaduveandanenTanile

feena(ui) 0.005M HCI (ml) (ppmv)
15 5.17 544
30 2.11 323
45 3.20 449
60 2.57 3609
90 2.50 312
120 2.89 286
150 3.00 266
180 2.00 160
210 2.25 158
240 2.80 168
270 2.60 141
300 2.73 135
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M3191 9-12 ANuTNTUYounIeN TNHINENMIANNMIIENTIa03A 8RR AN a1 56
’é o %} . 1 v Jd a

g2 was Tesfloumaiheniiaesununyuiug (Recirculate) HiuiIdlsdsiiamdsn

IARENY 2 12 ABYUIUUU-A1T YUNTZIBAI 120° 1Az 90° BATINT 1HAVBIDINIAUAZHI

9 a o w
1191931899 300 UAE 6.5 AAT/UIN AUEIAU

nalumsiy | anasildanmsinmsados | anudaduvesudanenTiuile
feena(ui) 0.005 M HCI (ml) (ppmv)

15 2.39 175
30 3.35 268
45 2.22 174
60 1.81 145
75 2.24 157
90 2.25 168
105 2.12 149
120 2.12 108
135 2.55 159
150 2.55 143
165 2.27 159
180 2.20 130
195 1.53 86
210 1.70 67
225 1.89 75
240 1.45 49
255 2.08 53
270 1.98 56
285 1.72 48
300 1.85 46
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~ o w ~ ¥ A [ 9y 9 ¥ o Y
A1319N 2-1 Wamimﬂmmﬂmuﬂiumﬂmmﬂmzﬂummmmmu 0.25%Tﬂﬂumuﬂ A8

v J Jd Y 3 3 . ' o J A
Aeautalsgge 1 mas Tasloun1angauuunyUIUGT (Recirculate) WuHIalsduiia

9
mﬁmgﬁawg 1 ¥ YUNTeaea 120° am‘1mﬁ‘lwammmmmmwwuww 300 uag 4.0

N3N0 MuBIaU

nalums | Banasildanmsnmsa | anaduduvesenlanile | Uszansam
HUAILENS | @38 0.12M HCI(ml) (%iﬂﬂ“&ﬂfiﬁﬂ) M3MINA
(mﬁ) Inlet Outlet Inlet Outlet (%)
0 6.15 - 0.2499 -
10 5.79 5.65 0.2353 0.2296
20 5.75 5.70 0.2337 0.2316
30 5.65 5.55 0.2296 0.2255
40 5.45 5.40 0.2215 0.2194
50 5.30 5.25 0.2154 0.2133 19.9
60 5.42 5.37 0.2203 0.2182
80 5.25 5.15 0.2133 0.2093
100 5.13 4.80 0.2085 0.1951
120 5.06 4.75 0.2056 0.1930
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d’ o w =\ g ~ o Yy 9 %’ o Y
M15199 9-2 wamsmaaueu Tulaluy1911819NTEAUANWVNTY 0.17% lagiinviin ade
v J o 9| 1 3 . ' o J A
Aeautalsgge 1 mas Tasloun1aing 1y unyuIUET (Recirculate)) MuHIa1lsd5iia
Y
NAGAABINY 1 W2 YUNTZDIBAD 120° OATING 1HAVDIDINIALAZ WY 300 1A 4.0

N340 e u

natlums | Panasildanmsinmsa | anaududuveseslndls | Uszansam
HUAILENS | @38 0.12M HCI(ml) (%Tﬂmimﬁ'n) MM
(mﬁ) Inlet Outlet Inlet Outlet (%)
0 4.08 - 0.1658 -
20 4.02 3.96 0.1634 0.1609
40 3.91 3.87 0.1589 0.1573
60 3.87 3.75 0.1573 0.1524
90 3.81 3.60 0.1548 0.1463
120 3.40 3.30 0.1382 0.1341 19.1
150 3.25 3.15 0.1321 0.1280
180 3.23 3.07 0.1313 0.1248
210 3.15 3.05 0.1280 0.1239
240 3.06 3.00 0.1244 0.1219
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d’ o w = g ~ o Y 9 ?,' Y k)
M15199 2-3 wamsmvaueu TudelumaiersiszauanuIndu 0.25% Iagtinvin ale

v J Jd Y 3 3 . ' o J A
Aeautalsgge 1 mas Tasloun1angauuury I (Recirculate) WIuHIalsd5iia
NAeAABENY 2 WI ADVUIUTZUIWALINY YUNTEIIWAD 120° 1Az 90° 8031115 IHaves

H a o o
2IMALAZ 19U 300 LA 6 aA5/UIN MUEIAL

nalums | Wnasildenmsinmsa | ameduduvesealdls | Uszansam
HUAILENS | @38 0.12M HCI(ml) (%iﬂmimﬁfn) MSMIA
(mﬁ) Inlet Outlet Inlet Outlet (%)
0 6.00 - 0.2438 -
10 5.90 5.70 0.2398 0.2316
20 5.65 5.65 0.2296 0.2296
30 5.60 5.37 0.2276 0.2182
40 5.58 5.35 0.2268 0.2174
50 5.42 5.33 0.2203 0.2166 13.5
60 5.59 5.53 0.2271 0.2247
80 5.30 5.24 0.2154 0.2129
100 5.19 5.02 0.2109 0.2040
120 5.30 5.04 0.2154 0.2048

Y 9 Y ~ ¥ o o v ¥ o @ ¢
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2IMALAZ 19119 300 LAz 4.0 anT/UIN ANEIaY

nalumsiy | Fanasildanmsinmsados | anudaduveandanenTanile

feena(ui) 0.005 M HCI (ml) (ppmv)
10 2.25 392
20 2.15 383
30 2.03 354
40 2.02 324
50 1.50 241
60 1.72 251
80 1.56 167
100 2.81 205
120 2.35 179
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1 @ d a ( o
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q

H a o U
2IMALAZ 19119 300 LAz 4.0 anT/UIN ANEIaY

nalumsiy | anasildanmsinmsados | anudaduvesudanenTiuile

feena(ui) 0.005 M HCI (ml) (ppmv)
20 2.19 102
40 3.00 182
60 2.81 155
90 1.85 99
120 2.20 93
150 1.73 71
180 1.55 53
210 1.49 49
240 1.89 55
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M1319N 3-6 ﬂ’JnlLGIJﬂJ"’IJ‘L!"’IJ@QLLﬂﬁLL@MIﬂJLHEJ 2NN1IAVDNIINHINUIYWICAUANNIVNUU
g Y Y o 4 4 io} %’
0.25%Iﬂ8u1ﬁuﬂ ﬂ]ﬂﬂﬁ]ai\luﬁlﬂiﬂfﬁ 1 a9 Iﬂﬂ{lE]HTH\HHEJNLHJ‘U‘HL!H’JH%W
] o Jd a ] 1 % %

(Recirculate) wmmmﬂsﬂ%umﬂamgﬁawg 2 1 G]E]"U‘lﬂ'l.li%'lﬂ‘]_llaﬂ’lﬂu HUNTE1UAN

¥ a o w
120° 118 90° ’E]G]i'lﬂ?iTﬂﬂ“UENEﬂﬂ'lﬁllfl%‘ﬂ?\iu'lﬂ'l\i 300 Lo 6 ﬁ@]i/‘lﬂ‘ﬁ AU

nalumsiy | anasiildanmsinmsados | andauduveandanenlaiie

feena(ui) 0.005 M HCI (ml) (ppmv)
10 1.80 131
20 2.00 169
30 3.52 269
40 1.80 166
50 2.90 233
60 1.67 150
80 1.86 148
100 2.00 169
120 1.62 137




MARNUHIN N

132

Y v g v v tg :
Yoyamamslansaday3nlumsdudnieensluniaiena

~ P v A v o A 5 Y 9
M3199 2-1 samslgnsagayinlunssuaniiesalumiaines @I 0.25% lag

¥ o ¥ o v o w S 9 v ¢ 4 Yy H
HUINUN) TNﬂ@1!L!a$Wa\1ﬂ"li]ﬂL!@llilllu&ﬂjﬂﬂ@alluﬁ!ﬂﬁﬂgﬂ 1 a5 Tasdounierinenauy

5 . 1 @ d a @ @ v
WYUIUG (Recirculate) WIUWITIsdsiiandennosny 1 1) yuNsz0a9 120° 6031013

4
Vlwammmmmmwwuww 300 g 4.0 am/m‘ﬁ ATNaIAl

nallums | ansdnduvowenlaiy 331035 H,50, 97% szansam
fudedhs | Turnainens (%Iﬂﬂ‘ii]“r‘iﬁ’ﬂ) M Suduitons (ml) MIMIA
(mﬁ) Inlet Outlet Inlet Outlet (%)
0 0.2499 - 1.30 -
10 0.2353 0.2296 1.10 0.73
20 0.2337 0.2316 1.00 0.75
30 0.2296 0.2255 0.60 0.79
40 0.2215 0.2194 0.86 0.52
61.5
50 0.2154 0.2133 0.51 0.85
60 0.2203 0.2182 0.40 0.60
80 0.2133 0.2093 0.38 0.52
100 0.2085 0.1951 0.60 0.52
120 0.2056 0.1930 0.70 0.50
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~ P v A v o A 5 Y 9
M3199 2-2 mamslgnsaganinlunmssudniiesnalumiainens @I 0.17% lag
g ] 3’/ 1 v o W =~ 9 1Y J 4 9 %’
niin) Maneutazrasmauen Tulsalenoauiailsdge 1 was Tasilounsierauy
’é ] o d Aa @ @ o
WYUIUG (Recirculate) WIUWITsdpiIandennosny 1 11 yuNsz0a2 120° 6031013

H a o U
"lwaﬁummmmmzwnmmq 300 LA 4.0 aA5/UIN AWEIAU

nallums | anudnduvowenlaie 33103 H,50, 97% Uszansam
fudedns | Turnainens (%Iﬂﬂ‘lﬁ‘l“r‘iﬁﬂ) ¥ Suduitons (ml) MIMIA
(i) Inlet Outlet Inlet Outlet (%)
0 0.1658 - 0.51 -
20 0.1634 0.1609 0.50 0.47
40 0.1589 0.1573 0.30 0.20
60 0.1573 0.1524 0.29 0.37
90 0.1548 0.1463 0.15 0.22
60.8
120 0.1382 0.1341 0.17 0.20
150 0.1321 0.1280 0.18 0.28
180 0.1313 0.1248 0.45 0.22
210 0.1280 0.1239 0.23 0.23
240 0.1244 0.1219 0.45 0.25
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~ P v A v o A 5 Y 9
M3199 2-3 samslgnsagayinlunmssuaniiesalumiainens @I 0.25% lag
g ] 3’/ 1 v o W =~ 9 1Y 4 4 9 %’
niin) ManeutazrasmIauen Tulsatenoauiailsdge 1 was Tasilounaierauy
’é 1 o d A o 1 [
MYUIUG (Recirculate) WIUWHIAsEBIAINTENABINY 2 12 ADVUIUTZUILIABINY Y

v

¥ a o
N3¥1897 120° ammﬁ‘lwaﬁummmmmzmmwn 300 og 6.0 am/m‘ﬁ AU

nallums | anudnduvowenlaie 33103 H,50, 97% Uszansam
fudedns | Turnainens (%Iﬂﬂ‘lﬁ‘l“r‘iﬁﬂ) ¥ Suduitons (ml) MIMIA
(i) Inlet Outlet Inlet Outlet (%)
0 0.2438 - 1.15 -
10 0.2398 0.2316 1.11 0.89
20 0.2296 0.2296 0.90 0.91
30 0.2276 0.2182 0.89 0.85
40 0.2268 0.2174 0.88 0.85
452
50 0.2203 0.2166 0.89 0.63
60 0.2271 0.2247 0.80 1.00
80 0.2154 0.2129 0.82 0.78
100 0.2109 0.2040 0.99 0.81
120 0.2154 0.2048 0.70 0.63
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Y o v = a o 14 a d & v A
611?33;!%1ﬂ"liﬂ"l‘i]ﬂ!!i’)llill!uﬂ‘luﬂ"lﬂ"lﬂ!ﬁﬂ‘i]"lﬁﬂﬂﬂJﬂﬂﬂﬂﬁm!!ﬂﬁﬂﬂlﬂﬁ

¥-1 mimvauew Tudisluoimmdesiaoannuaudu 300-1500 ppmv #2803 VIUNTAA

= 1 ’é A o a s @ a Y a oA d' o
FUHMNTTY (pH=2.45) Tudfnssiunatuibavuiaies§iianis 1oas1ns lvaves

= a =~
DINIALHY 0.5 AAT/UIN

5190 ¥-1.1 mamsmsauen TuiislueimeadesnaoannuduYy 300 ppmv

nalums | Banasildamsinmsa | anudaduveaenlandia | Uszamsmmw

iy @38 0.005M HCI (ml) Tueimatde (ppmv) M3MIA

0819 Inlet Outlet Inlet Outlet (%)

(1)
0 1.89 - 408.51 - -
20 2.31 0 490.97 0 100
40 1.50 0 388.14 0 100
60 1.78 0 311.45 0 100
80 2.39 0 418.18 0 100
100 2.71 0 508.04 0 100
120 2.41 0 429.87 0 100
140 1.52 0 416.80 0 100
160 1.89 0 385.81 0 100
180 1.73 0 397.29 0 100
200 1.88 0 322.80 0 100
220 2.00 0 408.27 0 100
240 2.05 0 319.17 0 100
260 1.55 0 365.08 0 100
280 2.15 0 420.21 0 100
300 2.02 0 322.71 0 100
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A15199 ¥-1.1(Av) namsmdaueu e luemedesiassnnuduyy 300 ppmy

nalums | PBanasildanmsinmsa | ansududuveaenlandis | szansmmw
1y @38 0.005M HCI (ml) Tuemade (ppmv) MSMIA
RLEAN Inlet Outlet Inlet Outlet (%)
(1)
320 1.92 0 306.73 0 100
340 1.88 0 548.24 0 100
360 2.72 1.50 454.29 35.15 92
380 1.68 1.62 314.95 50.02 84
400 1.85 1.75 424.85 67.97 84
420 2.70 1.82 459.30 90.13 80
440 2.05 1.69 459.30 92.68 80
460 1.60 1.20 326.61 90.35 72
480 2.45 1.61 333.42 126.95 62
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nalums | PBanasildanmsinmsa | ansududuveaenlandis | szansmmw

1y @38 0.005M HCI (ml) Tuemade (ppmv) MSMIA

RLEAN Inlet Outlet Inlet Outlet (%)

(1)
0 2.75 - 1010.46 - -
20 2.30 0 899.05 0 100
40 2.07 0 864.32 0 100
60 2.30 0 880.32 0 100
80 2.15 0 877.77 0 100
100 2.08 0 516.40 0 100
120 2.14 0 756.08 0 100
140 2.31 0 785.91 0 100
160 1.89 0 738.79 0 100
180 2.09 0 673.64 0 100
200 2.25 0 794.94 0 100
220 2.27 1.29 786.87 19.75 97
240 2.02 1.42 729.39 43.85 94
260 2.08 1.90 723.74 95.19 87
280 2.05 1.36 726.51 89.75 88
300 1.88 1.40 765.50 136.70 82
320 1.90 1.45 727.22 140.86 81
340 1.70 1.48 692.21 161.85 77
360 1.61 1.50 700.26 185.20 74
380 1.60 1.60 765.50 218.71 70
400 2.00 1.70 695.91 239.22 66
420 1.70 1.82 707.25 278.64 61
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M5199 ¥-1.3 wamsmaauey Tuilsluememassiaoannududu 1100 ppmy

nalums | PBanasildanmsinmsa | ansududuveaenlandis | szansmmw

1y @38 0.005M HCI (ml) Tuemade (ppmv) MSMIA

RLEAN Inlet Outlet Inlet Outlet (%)

(1)
0 2.40 - 1093.57 - -
20 2.43 0 1107.24 0 100
40 2.40 0 1120.24 0 100
60 2.62 0 1139.55 0 100
80 2.59 0 1339.62 0 100
100 2.17 0 922.85 0 100
120 2.62 0 1222.93 0 100
140 2.30 0 1100.40 0 100
160 2.40 0 1068.14 0 100
180 2.71 4.10 1048.21 30.33 97
200 2.30 2.07 1100.40 110.04 90
220 2.41 1.72 1024.92 126.60 88
240 2.40 2.10 1020.66 140.03 86
260 2.38 1.73 1138.68 222.20 80
280 2.17 1.91 1038.21 232.82 78
300 2.60 2.14 1243.93 259.20 79
320 2.42 2.00 1157.81 255.17 78
340 2.30 2.70 1100.40 303.95 72
360 2.30 2.30 1048.00 258.92 75
380 2.15 1.61 1055.01 324.33 69
400 2.15 1.30 1055.01 394.90 63
420 2.40 1.50 1177.69 463.00 61
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M5199 ¥-1.4 wamsmaauey Tuileluememassiaoan N udu 1500 ppmv

nalums | PBanasildanmsinmsa | ansududuveaenlandis | szansmmw

1y @38 0.005M HCI (ml) Tuemade (ppmv) MSMIA

RLEAN Inlet Outlet Inlet Outlet (%)

(1)
0 2.37 - 1511.86 - -
20 2.5 0 1442.14 0 100
40 2.5 0 1543.34 0 100
60 2.5 0 1594.79 0 100
80 2.04 0 1346.22 0 100
100 2.75 0 1594.79 0 100
120 2.28 0 1504.60 0 100
140 2.32 1.19 1530.99 34.30 98
160 2.31 2.59 1426.05 141.62 90
180 2.50 1.41 1543.34 118.87 92
200 2.42 1.45 1543.75 155.89 90
220 2.50 1.12 1594.79 240.83 85
240 2.44 1.35 1556.51 296.96 81
260 2.35 1.61 1550.79 342.35 78
280 2.41 1.80 1537.37 304.84 80
300 2.70 1.50 1519.74 382.75 75
320 2.15 1.90 1523.91 427.78 72
340 2.28 2.15 1504.60 484.06 68
360 2.40 2.00 1583.79 637.91 60
380 2.35 2.05 1499.10 613.00 59
400 2.59 2.30 1598.90 733.60 54
420 2.45 2.15 1562.89 748.10 52
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¥-2 msmvanenTuileluemmadssiassnnududy 1100 ppmv A28n32UIUNITYATY
1 %’ =R a s Iy a Y a oA d' [
HIE5Y (pH=2.45) Tulnsalunativdavuiaesdfiianis Noasinis luaveseinia

138 0.5-1.5 an5/U1N

a o w = a0 Y 9 Ao
19190 ¥-2.1 Waﬂﬁﬂﬁ]ﬂLLE)?JIIILuﬂiua1ﬂ1ﬁl’dﬂmﬂ’ENﬂ’NZJLGUZJGU‘Ll“]/lﬁmﬁﬂﬁll‘ﬂamaﬂ’mﬂ1ﬁ

1@ 1.0 an3/1N

3a5n10010M3 ANMVNVUVD o
nalums ) . L | dszEnsawm
o Inmsaale 0.005M | wenlandialueimeaide .
U989 MaIman pH
- HCI (ml) (ppmv)
) (%)
Inlet Outlet Inlet Outlet

0 2.19 - 1047.77 - - 2.45

20 2.32 0 1109.97 0 100 3.94

40 1.95 0 1066.23 0 100 5.27

60 2.55 0 1190.26 0 100 7.14

80 2.20 0 1052.56 0 100 8.53

100 2.55 1.40 1220.01 73.40 94 8.77
120 2.25 1.75 1076.48 164.17 &2 8.89
140 2.40 1.80 1148.25 205.04 &2 8.93
160 2.41 1.57 1153.03 222.56 &1 8.82
180 2.30 1.50 1100.40 212.64 81 9.00
200 2.30 1.80 1100.40 370.40 66 9.10
220 227 2.05 1113.90 380.89 66 9.17
240 2.29 1.95 1095.62 384.72 65 9.14
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a o w ~ a0 Y 9 Ao
A1919N ¥-2.2 Waﬂﬁﬂﬁ]ﬂLLE)?JIIILuﬂiua1ﬂ1ﬁl’dﬂmﬂ’ENﬂ’NZJLGUZJGU‘Ll“]/lﬁmﬁﬂﬁll‘ﬂamaﬂ’mﬂ1ﬁ

1@ 1.5 an5/4N
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Abstract. The treatment of NHj; releasing concentrated rubber latex to air was studied using skim
serum in laboratory scale of bubble absorption reactor. The skim serum (pH 2.5 to 3) is a liquid
waste from concentrated rubber latex. The concentration of NHj in air (300 to 1500 ppmv) and air
flow rate (0.5 to 1.5 Vmin) feeding into the reactor were measured for the effect of the treatment
efficiency. At lower NHj concentration and air flow rate have resulted to higher NH; removal
efficiency. Bubble absorption reactor can be effectively used and applied to remove NH; releasing
from the concentrated rubber latex process to the air without any plugging of the skim rubber in the
system. Skim serum waste liquid has the result in higher efficiency in NH; removal comparing to
pure water usage. This study would be practically used as a guidance for the further design and
operate to minimize waste and emission control in rubber industrial-scale system.

Introduction

Ammeonia (NH3) is a common volatile chemical product releasing from several sources
including wastewater treatment, chemical and manufacturing industries, and livestock farm. This
gas has adverse effects on workers' health, can cause eye irritation. chronic skin diseases, especially
the respiratory system [4]. In concentrated rubber latex industry, NH; was added into raw latex to
preserve and protect from bacterial attack during the latex production steps. The raw latex is fed to
centrifugal unit to produce the main product of concentrated rubber latex and by produect of skim
latex. NH; gas with high concentration is released from the centrifugal unit and skim latex NH;
repelling process. Releasing of NH; to atmosphere without any treatment affected to environment
such as acid rain, climate change, and global warming.

Coagulation of skim rubber from the skim latex can be done by adding sulfuric acid and getting
for skim serum waste. Skim serum portion contaminated with the acid became wastewater with
very low pH [2]. This skim serum waste has high potential to be used for solving the NHj releasing
problem to atmosphere. Bubble absorption reactor, widely used as gas-liquid contactors and
absorber in chemical industry, is possible be used for contacting between gas and skim serum
working fluid. This reactor has advantage in preventing in plugging problem and minimizing cost
for energy and construction [1]. Therefore, bubble absorption reactor of NH; to ammonium sulfate
has a potential available method in order to reduce the ammonia pollution proceeds at room
temperature and atmospheric pressure.

The aim of this research was to study the treatment of NH; contaminated in air releasing from
concentrated rubber latex industry using skim serum waste liquid. The Bubble absorption reactor
containing the skim serum was used to study for the effect of operating parameters on the NH;
treatment efficiency. The controlled parameters consisting of air flow rate (0.5 to 1.5 I/min) and
NH; concentration in air (300 to 1500 ppmv) were considered. NH; absorption capacity of the skim
serum comparing with pure water was investigated as guidance for economical use of the system.

All rights reserved. No part of contents of this paper may be repreduced or transmitted in any form or by any means without the written permission of TTP,
www tip_net. (1D 110.78.146.64-12/01/14,15:19:34)
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Material and methods
Reagents and chemical to material. Skim serum was obtained from concentrated rubber latex
industry (Chalong Latex Industry Co., Ltd.). The sample of skim serum containing sulfuric acid
with low pH value (pH 2.5 to 3) was used as absorbent i bubble absorption reactor. Ammonia
solution (30%w/w, GR grade, Loba Chemie Pvt Ltd., India) was used for NH; simulated air
preparation. Air stream from air compressor was applied to the simulated air generating system.

Bubble absorption reactor. The glass cylindrical column at 500 ml volume was designed and
installed with immerging nozzle for bubble the gas mto the skim latex containing in the absorption
reactor. The column is constituted by glass at 20 em height, internal diameter of 4.5 cm. and 7.8 cm
liquid section height as show in Fig. 1(a) and (b). At upper part of the reactor was inserted by
sponge for bubble trapping. Skim serum 150 ml was filled in the glass column to absorb NH; from
simulated air. Treated air after bubbling in the absorbing liquid was discharged at top part of the
bubble absorption reactor.

Rotameter | U Simulated Air
‘—r}‘ﬂi
s @ >< Rotameter 2 U Rotameter 3[
Outlet
Bubble ;|
Trap Compressed
air
Skim NH,
Serum mixing
ﬁr:\\ tank ﬁ Bubble glass

‘NH; solution column
tank

(b) ()

Figure 1. Bubble glass absorption reactor picture (a), diagram of the bubble reactor (b). and
schematic diagram of NH; contaminated air treatment system by bubble reactor (c).

g &
-

Sampling
point 1

Experimental set up. The bubble absorption reactor was set by using skim serum absorbent to test
for NH; removal from simulated air. The diagram of simulated air generation and the absorption
reactor 1s demonstrated in Fig. 1(c). The simulated air stream was produced in laboratory to use for
air treatment instead of actual NH; contaminated air releasing from concentrated rubber latex
industry. Air flow from air compressor was passed through a NHj solution reservoir (30% w/w) to
pick up vaporized NH; gas at room temperature (28-29°C). The mixed stream was continuously
flowed through the NHj; mixing tank and steady flow to the reactor. The air tflow rate and
concentration was measured and adjusted by rotameter before bubbling to absorbent.

Operating parameters. The NH; treatment in bubble absorption reactor was studied for the 2
parameters of air flow rate (0.5 to 1.5 I/min) and NH; concentration in air (300 to 1500 ppmv).
Comparing between skim serum and water as absorbent was performed to observe for absorption
capacity and advantage of latex liquid waste in emission reducing. The simulated feed air and
treated air were taken by sampling pump every 20 min until 7 h to measure for NH; concentration.

Evaluation of the result. The air sample at 0.5 I/min from inlet and outlet streams of bubble reactor
were taken to glass bottle impinger. 50 ml of boric acid containing in the impinger was used to
absorb the NH; in the air. The NH; concentration in the boric acid was measured by titration
method and calculated to ppmv unit m air flow [3]. The NH; treatment efficiency (% Eff.) by the
absorption unit was then recorded and calculated by Equation (1) [3]. The NH; absorption capacity
was calculated by mass balance and showed Equation (2) through mass flow rate of NHj in inlet
and outlet stream at versus time.
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Where % Eff. is a percentage of the NH;: treatment efficiency, Ci, and C,, are the NH;
concentration n air at inlet and outlet point of the reactor, respectively. Unit of the NH;j
concentration is part per million by volume (ppmv). 2 1s NH; absorption capacity (mg), Fin and Fou
are the mass flow rate (mg/min) of NH; in air at inlet and outlet point of the reactor, respectively.
Result and discussion.

From the laboratory scale of absorption reactor, the effect of operating parameters on NH;
removal from contaminated gas using the skim latex was tested. The NH; removal efficiency by the
absorption column of each test had collected along operation time until the %& Eff. less than 80%.
Result of the test can be graphically presented and explained in Fig. 2-5.
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Figure 2. Effect of NH; concentration (in air)  Figure 3. NH; absorption capacity in skim
on % NHj; treatment efficiency by skim serum  serum by bubble reactor for each concentration
bubble reactor at air flow rate of 0.5 I/min. of NHj; in air at 0.3 /min gas flow rate.

Effect of concentration. Constant condition of 0.5 I/min air flow rate was controlled and 300 to
1500 ppmv NH; concentration in gas was studied. Efficiency of the system with absorption time
can be plotted in the Fig. 2. It was found that 100% Eff. was found in first running period for all
conditions. At higher NH; concentration in air, the treatment efficiency was faster dropped down.
The NH; absorption capacity of skim serum for each NH; concentration in the air for absorption
time of 420 minute was calculated by Equation (2) and presented in Fig. 3. It was found that the
absorption capacity can be increased by increasing NH; concentration.
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F‘lgure 4. Effect va ai ﬂow 1'a?e on NH Figure 5. Comparing of NH; in air treatment
t.1ear111-e11r efficiency by 3_}‘1111__56““1 bubbl using skim serum and water absorbent at 1
reactor at 1,100 ppmv NH; in air. I/min air flow rate and NH; 1100 ppmv.
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Effect of air flow rate. The effect of air flow rate on the NH; treatment efficiency at NH; 1,100
ppmv in air was manifested in Fig. 4. The result demonstrated that the higher air flow rate got faster
droping of the treatment efficiency from 100%. At the air flow rate of 1.5 V/min, NH; treatment
efficiency was sharply decreased to 20% Eff. within 1 hr. It 1s because at higher air flow rate, the
absorption time between NHj; 1n air and skim serum liquid absorbent was decreased then the system
provided decreasing in treatment efficiency.

Comparison of absorbent. The NH; treatment comparison plot by using skim serum and water as
absorbent can be shown in Fig. 5. In this experimental part, 1 /min the airflow rate and 1100 ppmv
NH; concentration was constantly controlled. The result indicated that the skim serum can treat
NH; in the air with higher efficiency than pure water absorbent. It is according to the skim serum
containing sulfuric acid to work as acid-basic balancing and neutralization reaction occur during the
absorption. For the water, the just only absorption occurs in the treatment process. Table 1 1s shown
for the NH; absorption capacity by skim serum and water at absorption time of 180 min. The skim
serum has absorption capacity at 30% over than the pure water using at the air flow rate of 0.5
I/min. Then the using of skim serum can effectively support the NH; treatment releasing from the
rubber latex process and minimize waste from water usage.

Table 1. NH;absorption capacity between skim serum and water at absorption time of 180 min.

NH; absorption capacity(mg)

Absorbent
0.5 I/min 1 /min
Skim serum 69.89 12923
Water 54.97 70.27

Conclusions.

The removal of NH; in contaminated air using skim serum in laboratory scale of bubble
absorption reactor was investigated. The concentration of NH; in air and air flow rate feeding into
the reactor has significantly influenced to the treatment efficiency. At lower NH; concentration and
air flow rate have resulted to higher NH; removal efficiency. Bubble absorption reactor can be
effectively used and applied to remove NHj releasing from the concentrated rubber latex process to
the air without any plugging of the skim rubber in the system. Skim serum waste liquid has the
result in higher efficiency in NH; removal comparing to pure water usage. Then this study would be
practically used as a guidance for the further design and operate for rubber industrial-scale system
to minimize waste and emission control.
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Ammonia Removal from Skim Latex by Spray Column
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Abstract

This research study was to remove ammonia (INH,) from skim latex by spray column for the purpose of reducing
sulfuric acid usage in skim mbber coagulation from skim latex and wastewater treatment problem of concentrated rubber
mdustry. The spray column was designed using empty cylindrical colum and installed spiral spay nozzle at top of column to
prevent from plugging of the skim rubber. NH, removal efficiency of the system was moenitored as finding for optimum condition
of the system. Simulated skim rubber latex was prepared at 0.3% NH, concentration by mixing between liquid NH, and water.
The effect of spray angle 60°-120°, air flow rate 200-400 L/min and liquid flow rate 3.0-6.0 l'min was studied for the removal of
ammonia from the simulated latex. The optimize condition of the system was found at spray angle 120°, air flow rate 300 V'min
and liquid flow rate 4.0 V'min. The air released from spray column was contaminated with NH, at 400-500 ppmv. The testing of
real skim latex at the optimum conditon was found the the system can reduce the NH; at 20% within 2 hr and effect to reduce the

acid consumption 60%. This result has high potential to be applied and designed for concentrated latex industry.

Keywords: ammonia; spray column; skim latex, concentrated rubber latex
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