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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
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
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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 l/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 2hr and
reducing to 30%for Shr. 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)
2521@ (2551) 9.02 - - - 338 - 6,381
Tekasakulttag AdlE(2006) 6.30 11,830 - 750 - - 8,000
SompitlhagAML(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
ThongmaktazAaiE(2009) | 9.5540.21 - 179,682+31,891 | 1,3724930 - 61£34.75 -

oI
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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)
N081 (2540) 4.77 13,670 32,690 4,620 - - 2,850
IUNIN LAz AN(2549) 3.00-5.00 22,000 - 3,000-4,000 - - -
25291A (2551) 3.86 - - - 353.03 8,247.45 1,077.78
Al (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
TS Lazaue (2555) 432-444 | 8910-17,980 | 13,401-32,609 | 563-801 287-557 | 4,947-9,731 | 615-785
Tekasakul LazAdle (2006) 48 13,760 32,690 13,760 - - 42,550
Danteravanich 1agAME (2007) | 2.82-5.15 | 9,116-16,410 | 11,022-26,052 | 456-3,458 | 406-2,834 - 300-1,320
Sompit LazAME (2008) 2.82-5.15 | 9,116-16,410 | 11,022-26,052 | 456-3,458 | 406-2,834 - 300-1,320
Abraham LazaAdle (2009) 3.6 27,650 38,800 7,000 5,000 - -
Kongjan L1agAMNE (2014) 4.9710.21 - 35,830%1,700 | 5,180%180 - 3,580%130 -

Cl
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NIAVDIN AUETNNITN (M-5)

MNH3

Cruz = m (A-5)
o Ch, = anudutuveuen Tuily (mg/L, ppm)
Q, = 8931713 IMavewRaHay (L/min)
t, = a1 lumsgadu (min)

a ] < 1.
Tuyaneneemeezsenu lunileanududiily Part per million (ppm)

FINUDHUIBYBY Part per millionvolume (ppmv) W38 by mole LAAIAIANNTT (A-6)

Vi 1ug(gas) 7-6)

1 =
PP M  1L(air)

TumssannududuluSou lunlanmguugivazanuaudus 1214

nQUAAANY IR (Ideal gas law) Aaaun15fl (A-7)

\% T
Vo= S = R (@-7)
n n P
oV, = 5mesTagTuavesunalugaund (dm’/mol)
M = walwanaveune (g/mol)
n = 91uaulua(mole)
' < o 3 1 -1
R = AAINU9UNd (0.08206 dm mol K )
T = uHgl (K)
P =  AUAY (atm)
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A9E1INTAIUIN
1. 1107 Mn,,80; 910@UNI9 (A-3)

4 - -
o Vimgmso, = USwmasveeuTuiienyeoisa =50 ml
VHCl
Mua

5u05v04181asna05n =0.98 ml

ANt TuveInIa lalasnasin = 0.0002 mol/L

unua luaumsn (a-3) 9214 50 mix Mm,m,80; = 0.98ml X0.0002 ml
Mnn,H,80; = 0.000392mol/L

2. WA mm, 1INAUNIN (A-4)
119 PMyn, = wralwanaveuey Tuile= 17.03 (g/mol)

unua Tuaumsf (1-4) 91218 maw, = 0.000392 mol/LX50 ml X17.03 g/mol

mnn, = 0.333788 mg

3. 1181 Cn, INAUNTN (A-5)

e Q, = a5 lvavesunaway=0.52 L/min (M 1 atm 25°)
t, = nalumsgadu =3 min
| . . _0.333788mg
unuam luagumsi (a-5) 9zld  CNH, = L
(0.54.J(3min)
min

= 0.206 mg/LH30 0.206 X 10 g /L

° 3 ] ' A H
4. annantluriisanududuaedsuias 1danaumsn (a-6) uag (A-7)

vnauwmsi @) V. = P5nasTeagTuavewndlugauad=24.87 dm’/mol

A ° ) ~ O Y Yve A
NNFUNITN (A-6) ’fﬂll15'0ﬂWH'Jil!WWﬂ'JUJLEllﬂJGUHGU?NLLfJiJINLuﬂiuﬂigllﬂllﬂﬁqﬂ 34U

24.87dmS /mol
17.03g/mol

AN NTUvoaey Tuiiy = (0.206>< 103 ug/Lj = 300ppmv

Y
[ Y

Y A Ao YA
Quuﬂ:nlllsllllel]uel]ﬂ\ulﬂﬂTNLUﬂﬂﬂ1u3m1ﬂﬂﬂ 300ppmv
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3 @ @ 4 1 a A o w
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nalums | Banasildanmsinmsa | anaduduvesmealidle | Uszansam
HUAIENS | Iy 0.135M H,SO, (ml) (%Tﬂﬂﬁmﬁ'ﬂ) M3/
(1) Inlet Outlet Inlet Outlet (%)
0 17.05 - 0.3014 -
10 16.10 15.00 0.2846 0.2652
20 15.80 14.85 0.2793 0.2625
30 15.45 14.80 0.2732 0.2617
40 14.90 14.55 0.2634 0.2572 .
50 14.35 13.95 0.2537 0.2466
60 13.85 13.70 0.2449 0.2422

g o (4 o w o 4
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nalums | Wanasildonmsinmsa | arududuvesealindle | Uszansam
HUAIENS | @8 0.135M H,SO, (ml) (%Iﬂtﬂ%ﬂ‘iﬁﬂ) MM
(1) Inlet Outlet Inlet Outlet (%)

0 17.05 - 0.3014 -

10 15.90 15.45 0.2811 0.2732

20 16.60 15.50 0.2935 0.2740

30 15.20 15.05 0.2687 0.2661

40 15.40 15.25 0.2723 0.2696 >

50 14.75 14.70 0.2608 0.2599

60 14.75 14.05 0.2608 0.2484

3 I3 o o w v J
HNELHA *ﬂﬂWNL%ﬂ%ﬂq@ﬁWﬂﬂJﬂﬂl!ﬂNjﬂJLﬁﬂGlHWWQHWEﬂ\‘]flﬂﬁ@\‘]‘ﬁﬁ\iﬂWﬁﬂW%ﬂﬁjﬂﬁlﬂﬂaNu
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nalums | Wanasildonmsinmsa | anudauduveaenluile | iszansm
NUAIENS | @8 0.135M H,SO, (ml) (%Tﬂﬂﬁmﬁ'ﬂ) NAISMIA
(mﬁ) Inlet Outlet Inlet Outlet (%)
0 17.05 - 0.3014 -
10 16.35 15.85 0.2891 0.2802
20 15.90 15.55 0.2811 0.2749
30 15.80 15.30 0.2793 0.2705
40 15.60 14.85 0.2758 0.2625 >3
50 14.75 14.40 0.2608 0.2546
60 14.65 14.25 0.2590 0.2519

%‘ o (4 o v o 4
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nalums | Bnasildanmslnmse | anadauduveaenlaile | Uszansam
HUAIENS | Iy 0.135M H,SO, (ml) (%Tﬂﬂﬁmﬁ'ﬂ) MM
(1) Inlet Outlet Inlet Outlet (%)
0 17.20 - 0.3041 -
10 16.90 16.30 0.2988 0.2882
20 16.25 16.05 0.2873 0.2838
30 16.10 16.00 0.2846 0.2829
40 15.80 15.40 0.2793 0.2723 >
50 15.90 15.80 0.2811 0.2793
60 15.40 15.25 0.2723 0.2696
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wou Tty
nalums | Bnasildanmslnmse | anndauduveaenlaile | Uszansam
HUAIENS | Iy 0.135M H,SO, (ml) (%Tﬂﬂﬁmﬁ'ﬂ) MM
(1) Inlet Outlet Inlet Outlet (%)
0 18.59 - 0.3034 -
10 17.25 16.70 0.2815 0.2725
20 16.15 15.85 0.2636 0.2587
30 15.60 15.55 0.2546 0.2538
40 16.05 15.50 0.2619 0.2530 1
50 15.60 14.85 0.2546 0.2424
60 15.00 14 .45 0.2448 0.2358
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wou Tty
nalums Banasildainms ANuAnTuveanealntie | Uszansan
IHUAIDENS Tnmsadiy 0.135 M (%Iﬂtﬂ%ﬂ‘iﬁﬂ) MM
() H,SO, (ml) (%)
Inlet Outlet Inlet Outlet
0 17.10 17.10 0.3023 -
10 16.15 15.60 0.2855 0.2758
20 15.65 15.05 0.2767 0.2661
30 16.20 15.60 0.2864 0.2758
40 14.75 13.45 0.2608 0.2378 12
50 14.00 13.55 0.2475 0.2396
60 13.65 13.50 0.2413 0.2387

g o v o w o 4
HNELTYiR *mms%’mﬁ’uqﬂﬁﬁammuauhgﬁa“lumqmmqmaawmmsﬂmﬂﬁ'wﬂaauu

anlse



112

o w = ¥ o A Y 9y 9 ¥ v 9 v

-3 mamaauey TuielumnheadiaeanszauANATNTY 0.30% lagrminalenoaui
4 %’ o %’ . 1 Y d a

anlsdga 1 was Tasflounmaiensiiaeanuunyuiug (Recirculate) H1uwIalsdyia

NAeAABEHY 1 ¥ YUNTIIWAD 120° 8ATINT IMaV890101A 300 8AT/UT 1AZOATING
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H Y a 1 a a
5197 9-3.1 Na611mamwms"lwamawnmmqmam 3.0 ans/uf aedszansnnluns

maauen lute
nalums | Bnasildanmslnmse | anandauduveaenlaile | szansam
HUAIENS | Iy 0.135M H,SO, (ml) (%Tﬂﬂﬁmﬁ'ﬂ) MM
(1) Inlet Outlet Inlet Outlet (%)
0 18.75 - 0.3060 -
10 17.60 16.80 0.2872 0.2742
20 17.65 17.60 0.2880 0.2872
30 17.40 16.90 0.2840 0.2758
14.4
40 16.75 16.55 0.2734 0.2701
50 16.60 16.30 0.2709 0.2660
60 16.15 15.70 0.2636 0.2562
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maaueu lutle
nalums | Panasildanmsinmsa | ansduduvesmealindle | Uszansam
HUAIENS | Iy 0.135M H,SO, (ml) (%Tﬂﬂﬁmﬁ'ﬂ) MM
(1) Inlet Outlet Inlet Outlet (%)
0 16.65 - 0.3057 -
10 16.10 15.40 0.2956 0.2827
20 15.45 15.07 0.2837 0.2767
30 14.98 14.64 0.2750 0.2688
40 14.72 14.22 0.2703 0.2611 e
50 14 .45 13.77 0.2653 0.2528
60 13.82 13.70 0.2537 0.2515
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maaueu lutle
nalums | Panasildanmsinmsa | ansduduvesmealindle | Uszansam
HUAIENS | Iy 0.135M H,SO, (ml) (%Tﬂﬂﬁmﬁ'ﬂ) MM
(1) Inlet Outlet Inlet Outlet (%)
0 16.43 - 0.3017 -
10 16.04 15.70 0.2945 0.2883
20 15.52 15.45 0.2849 0.2837
30 15.67 15.21 0.2877 0.2793
40 15.46 15.17 0.2838 0.2785 1
50 14.80 14.49 0.2717 0.2660
60 14.30 14.10 0.2625 0.2589
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nalums | Panasildanmsinmsa | ansduduvesmealindle | Uszansam
HUAIENe | Iy 0.135M H,SO, (ml) (%Tﬂﬂﬁmﬁ'ﬂ) MM
(1) Inlet Outlet Inlet Outlet (%)
0 18.85 - 0.3076 -
15 17.40 16.00 0.2840 0.2611
30 16.15 15.75 0.2636 0.2570
45 15.75 15.45 0.2570 0.2521
60 15.10 14.65 0.2464 0.2391
90 14.55 13.90 0.2375 0.2268
120 13.95 13.50 0.2277 0.2203
150 12.40 12.00 0.2024 0.1958 o2
180 12.00 11.60 0.1958 0.1893
210 11.20 10.75 0.1828 0.1754
240 10.75 10.20 0.1754 0.1665
270 10.05 9.55 0.1640 0.1559
300 9.85 9.20 0.1608 0.1501

3 I3 [ o w [
HNELHA *ﬂ'NiJL"’ﬁjiJ"ﬁluq@ﬁHﬂélJlelﬂiJhJlﬁﬁliu‘ﬁ'WﬂuWﬂ%‘]flﬂﬁ@\‘l‘ﬁﬁ\iﬂWﬁﬂW%ﬂﬁjﬂﬁlﬂﬂaNu

anlsd



116

d‘ o = o o A o 9 9 3 @
13190 3-5 Nﬂﬂ15ﬂ1ﬂﬂLL9NINLu81UW1Qu181Qil1ﬂ@\11/]5$ﬂ‘].lﬂfﬂllﬂl%"l]1! 0.30% Iﬂfﬂﬂ‘ﬁuﬂ
o o s H o ¥ . ' o
ﬁ?ﬂﬂ@ﬂﬂuﬁtﬂiﬂqq 2 mmTﬂai’jaumﬂmmdmaamuuwgu’mm (Recirculate) W1UH?
d A Y 1 o %‘
ﬁlﬂiﬂ%u@lzﬂaﬂjlﬁ@ﬂﬁl‘lj 1 #I YuN3Izaean 120° @ﬁiTﬂ15llﬁa‘ll@ﬂ@”lﬂ1ﬁuﬂ%ﬁ1@u”lﬂ”lﬂ

318904 300 1AL 4.0 AAT/UIN AINBIAY

nalums | Panasildanmsinmsa | ansduduvesnealindle | Uszansam
HUAIENS | Iy 0.135M H,SO, (ml) (%Tﬂﬂﬁmﬁ'ﬂ) MM
(1) Inlet Outlet Inlet Outlet (%)
0 16.70 - 0.3066 -
15 16.22 15.52 0.2978 0.2849
30 15.75 14.55 0.2892 0.2671
45 14.45 13.95 0.2653 0.2561
60 13.10 12.20 0.2405 0.2240
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180 9.80 8.95 0.1799 0.1643
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300 7.45 6.78 0.1368 0.1245
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(1) Inlet Outlet Inlet Outlet (%)

0 16.35 - 0.3002 -

15 14.35 14.00 0.2635 0.2570

30 14.50 14.10 0.2662 0.2589

45 12.88 12.86 0.2365 0.2361

60 12.65 11.70 0.2323 0.2148

90 12.15 11.05 0.2231 0.2029
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(HIN) HCI (ml) (ppmv)
10 3.35 447.66
20 3.83 534.06
30 3.60 501.99

60 464
40 2.60 416.93
50 3.60 493.41
60 2.78 387.65
10 3.90 463.26
20 2.75 449.98
30 2.21 393.77

90 436
40 2.67 436.89
50 3.47 505.86
60 2.64 368.13
10 3.90 320.72
20 2.70 441.80
30 2.30 409.80

120 419
40 2.70 441.80
50 3.50 488.04
60 2.69 410.82
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50 2.98 562.19
60 2.52 475.41
10 2.50 421.99
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50 2.40 349.87
60 2.72 379.28
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(1) Inlet Outlet Inlet Outlet (%)
0 1.89 - 408.51 - -
20 231 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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(1) Inlet Outlet Inlet Outlet (%)

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 33342 126.95 62
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() Inlet Outlet Inlet Outlet (%)
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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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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3137 ¥-1.4 pansmsauen TudlelueimeaidesiaoannuduyTy 1500 ppmy

nalums | PBanasiildanmsinmsa | anaduduvesseatudle | szansam
HuAIBENa | @38 0.005M HCI (ml) luermeaae (ppmv) M3/1IA
() Inlet Outlet Inlet Outlet (%)
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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o w

¥-2 msmvanenTudieluemmdesiassnnudiudy 1100 ppmv 428052 UIUNTYATHY
1 %’ =Y a J & Ly a Y a oA dl [
FIINETY (pH=2.45) ludfnssiunaiudavuiaieslfians foasins lvavese1ma

138 0.5-1.5 ans/11N

a o W = a2 o Y Y Ao
19197 B-2.1 wamsmfummuTmuEflummmﬁﬂma’eNﬂmJmmummwmﬂwammmmﬁ

1@ 1.0 an3/4N

f3asnlaarnms AV IUVDI o
nalums y - L | Ysz@nsam
= | nmsadae 0.005M | wenlandislueimaae .
INUAIDELNY MIMaa pH
- HCI(ml) (ppmv)
HIN) (%)
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

&0 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 82 8.89
140 2.40 1.80 1148.25 205.04 82 8.93
160 2.41 1.57 1153.03 222.56 81 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 2.27 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 = a2 o Yy Y Ao
A1I19N B-2.2 wamsmfummuTmuEflummmﬁﬂma’eNﬂmJmmummwmﬂwammmmﬁ

1@ 1.5 an5/4N

f3asnlaarnms ANV VUVDI o
nalums y - L | Ysz@nsam
| nmsadawo.00sM | wenlindislueimade .
INUAIDELNY MM pH
- HCI(ml) (ppmv)
HIN) (%)
Inlet Outlet Inlet Outlet

0 2.27 - 1059.56 - - 2.42

20 3.10 0 1119.36 0 100 2.84

40 2.32 0 1109.97 0 100 3.47

60 2.81 0 1280.39 0 100 4.19

&0 2.30 1.60 1222.67 51.03 96 4.63

100 2.20 2.20 1052.56 153.81 85 5.05
120 2.57 2.09 1171.03 303.01 74 5.77
140 2.25 2.50 1050.23 531.60 49 7.31
160 2.60 3.30 1213.59 725.90 40 7.86
180 2.50 2.20 1196.09 601.46 50 8.15
200 2.40 2.60 1068.14 829.29 22 8.44
220 2.30 2.10 1073.56 803.77 25 8.61
240 2.47 2.33 1181.74 891.80 25 8.66
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¥-3 msmvanenTudieluommdesiassnnududy 1100 ppmv A28n52UIUNTRATHY
1 2,‘ a d a [ o a Y a oA d' [ =
i lul§osaliiaundiuidasuiadesdlfianis Moasns lvavesernisnde 0.5-1.0

a =
aAT/UIN

a o W = a2 o Y Y Ao
M19197 ¥-3.1 wamsmilmmmTmuaclummmﬁﬂma’eNmmmmummmwsllwammmmﬁ

138 0.5 an3/1N

naly 3nasnlaanms ANV IUVDI o
. y - L | YszEnsam

M3t Inmsaaae 0.005 M | wenlandialueiniaas o

oo MIMIA pH

TR RN] HCI(ml) (ppmv)

~ (%)

(W IN) Inlet Outlet Inlet Outlet
0 4.32 - 1102.32 - - 7.86
20 3.85 2.57 1016.26 57.44 94 10.02
40 4.03 2.30 1186.52 63.45 95 10.14
60 3.40 1.19 946.43 46.96 95 10.07
&0 3.10 1.89 1186.52 79.28 93 10.05
100 3.30 1.10 1074.95 58.07 95 10.12
120 3.70 1.90 1258.82 123.78 90 10.13
140 3.25 2.10 1105.72 189.12 83 10.16
160 3.28 3.28 1115.93 334.78 70 10.15
180 3.06 2.05 1171.21 249.09 79 10.10
200 3.60 2.80 1281.76 396.92 69 10.19
220 3.29 2.16 1259.24 330.69 74 10.16
240 3.70 1.96 1132.94 337.16 70 10.18
260 3.18 2.10 1106.49 417.54 62 10.21
280 3.30 2.70 1010.46 475.14 53 10.14
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a o W = a2 o Yy Y Ao
MA1919N ¥-3.2 wamsmﬂmmuTmuaclummmﬁﬂmamﬂmJLmumuma@swﬂws“lwamaqa"nﬂm

1@ 1.0 an3/1N

naly f3nasnlaarnms AV IUVDI o
. y - L | dszEnsam
M3t Inmsaaae 0.005s M | wenlandialueiniaas o
oo MIMIA pH
M9814 HCI(ml) (ppmv)
~ (%)
(W IN) Inlet Outlet Inlet Outlet
0 2.22 - 966.44 - - 6.20
20 2.32 1.60 1109.97 127.58 89 10.20
40 2.10 1.60 1086.18 235.54 78 10.23
60 2.43 1.29 1162.60 274.30 76 10.24
&0 2.23 1.95 1066.91 533.11 50 10.25
100 2.20 2.15 1026.89 685.76 33 10.25
120 2.35 2.35 1124.32 749.55 33 10.26
140 2.35 2.02 1124.32 631.66 44 10.20
160 2.75 2.60 1196.09 995.15 17 10.17
180 2.15 2.85 1028.64 1010.03 2 10.17
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o w { v o ¢
-4 msmsauen Tuileluemedsn lvasenvinszuuneanianlsdarenszuiunmsgadu

] ?,‘ a a s & Ly a 9 dl [ = a =1
HIUUT 2 AT 11!']JaﬂSﬂl!,!ﬂ?m‘].IL‘].IE]GIJ‘L!W]@]ULUJ‘]JV]@@]ﬁﬂ”lillﬁﬂell’f)\i’f)”lﬂ”lﬁlﬁﬂ 4.0 a913/UN

nalums | PBanasildaemsinmsa | aduduveaenlindi | szansmmw
1y #1128 0.005s M HCl(ml) Tuermeaae (ppmv) M3/1IA
fa0819 Inlet Outlet Inlet Outlet (%)
(1)

15 2.39 0 174.88 0 100.00
30 3.35 0 268.47 0 100.00
45 2.22 0 173.78 0 100.00
90 2.25 0 168.30 0 100.00
150 2.55 0 143.05 0 100.00
180 2.20 2.64 129.91 49. 62.00
210 1.70 2.36 66.54 49 26.30
240 2.08 1.62 53.04 34 36.54
270 1.98 1.57 55.54 38 30.86
300 1.85 1.48 45.60 30 33.44
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Abstract. The treatment of NH; 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) 1s a liquid
waste from concentrated rubber latex. The concentration of NH; in air (300 to 1500 ppmv) and air
flow rate (0.5 to 1.5 I/min) feeding into the reactor were measured for the effect of 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 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

Ammonia (NH;) 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, NHi; 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 product 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 NH; releasing
problem to atmosphere. Bubble absorption reactor, widely used as gas-liquid contactors and
absorber in chemical industry, 1s 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 reproduced or transmitted in any form or by any means without the written permission of TTP,
www _ttp_net. (ID: 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 in 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 cm 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
I e
Outlet —+—
Bubble ;I
Trap Compressed
air
Skim ol
Qs mixing
o@\ tank Q Bubble glass

'NH; solution column
tank

(L) (c)

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).

2 &
-

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 is 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 NH; mixing tank and steady flow to the reactor. The air flow 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 in 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 NH; in inlet
and outlet streamn at versus time.
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o5 gff.=Sin~Cout 19 (1)
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m=[(Fin—F ouz)dt @)
0

Where % Eff. is a percentage of the NH; treatment efficiency, Cj, and C,, are the NH;
concentration in air at inlet and outlet point of the reactor, respectively. Unit of the NH;j
concentration is part per million by volume (ppmv). m 1s NH; absorption capacity (mg), Fi, and Foy,
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 NHj;
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 % NH; treatment efficiency by skim serum  serum by bubble reactor for each concentration
bubble reactor at air flow rate of 0.5 I/min. of NH; in air at 0.5 I/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.

* * * *
) W = ® & x ; L .
‘:‘ A 0 A * o . .
s %0 o o . . " 4
'z i =
E o o o =
= 60 2
: =1
2 I 2 o
W 4 S n a
g 4 0.5 Vmin o 3 5 + skim serum ° s
= 20| = 1imin & & 5 D
Z & 1.5 Umin z
- E S .
! ? Timl_(omjn) 90 = 0 30 60 90 120 150 180
Time (min)

F‘lgure = E\tytept va At ﬂow 1'a?e on, TiH Figure 5. Comparing of NH; in air treatment
t.1eatm.e11t efficiency by s.]um..selum bubbl using skim serum and water absorbent at 1
reactor at 1,100 ppmv NH; in air. l/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 I/min, NHj treatment
efficiency was sharply decreased to 20% Eff. within 1 hr. It is because at higher air flow rate, the
absorption time between NH; in air and skim serum liquid absorbent was decreased then the system
provided decreasing in treatment efticiency.

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 I/min the airflow rate and 1100 ppmv
NHj; 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 oceur during the
absorption. For the water, the just only absorption occurs m the treatment process. Table 1 is shown
for the NHj 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
l/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 V/min
Skim serum 69.89 129.23
Water 54.97 7027

Conclusions.

The removal of NH; in contaminated air using skim serum in laboratory scale of bubble
absorption reactor was investigated. The concentration of NHj; 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 ammeonia (NH,) 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 monitored as finding for optimum condition
of the system. Simulated skim rubber latex was prepared at 0.3% NH, concenatration by miung between liquid NH, and water.
The effect of spray angle 60°-120°, air flow rate 200-400 '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 Vmin
and liquid flow rate 4.0 Vmin. 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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