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ABSTRACT

The objective of this study is to investigate into techniquels for removal of
latex particulates from a rubber-gloves plant wastewater containing high content
of suspended solids. Procesées considered here include flocculation and flotation
which seem to offer way to reduce BOD; and suspended solids down to a certain
level before disposal or further biological treatment . Two series of test have been
performed : preliminaly tests for optimum dosage and types of coagulants and
small scale continuous tests . The results of the study show that precoagulation
with alum prior to flocculation with cationic polyacrylamide appears to significantly
improve the effluent quality . The optimum dosage of around 5 mg /I alum and of
around 4 mg/l cationic polyacrylamide can reduce level of COD from 16,600 mg/l
down to 200 mgfi, the suspended solids from 5,000 mg/l down to 10 mgfl and
the turbidity from 15,000 NTU to 15 NTU . Amount of rubber extracted from
wastewater is 7.8 ¢/l . Rubber removal efficiencies are found to he 94.6, 99.4,
99.9 for COD, suspended solids and turbidity respectively . The continuous tests
results show that the quality of the produced effluent is improved significantly .
The minimum hydraulic retention time in the flotation tank is found to be 15
minutes, by which the COD level is reduced from 6,400 mg/l down to 280 mg/l,
the BODg from 360 mg/l to 90 mg/l, the suspended solids content from 2,400
mg/l to 10 mg/l and the turbidity from 3,000 NTU to 30 NTU .
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It can be concluded from this study that the application of floceulation and
flotation processes for primary treatment of wastewater containing latex particles

are very promising .
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Parameters ‘i}ﬁﬁ 1 Qﬂﬁ 2
& 4 g o & < < d o P & d <

AITINT | ATINZ | ATIN3 | 19GY AL | A3IN2 | ATIN3 | N9y
Daily volume (m/d) | 74 | 71 | 77 | 74 | 308 | 28 | 278 | 289
Temperature (DC) 28 28 28 28 43 44 47 44.6
pH 8.6 84 8.5 8.5 6.9 7.2 7.2 7.1
BOD; (mg/l) 410 440 . | 470 440 340 130 130 200
COD (mg/l) 16,500 { 14,000 | 9,60G | 13,400 1,300 490 320 700
Total phosphorus 1.3 1.1 0.8 I.1 0.8 0.8 0.3 0.6
(mg/l)
Alkalinity(mg/f) 520 450 | 260 410 460 430 130 340
Acidity(mg/1) 0 0 10 3.3 20 6 16 12
Hardness(mg/1) 520 250 £50 300 300 560 260 370
SS.(mg/hH 5,000 | 4,200 | 3,500 4,200 340 670 260 420
Turbidity (NTU) . 15,000 ) 9,000 | 8,200 | 10,700 370 1,000 820 850
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Yuvnn  Lime)  nagIwdwesssquinyilalwdentalusd  (Cationic
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2.1 manassstuddagl¥mamiiifles 1 # dursaienznou
2.1.1 Mvdsnifssedaufeilvansahanznou
minaasstudu Tnold Tname Fludsund g fy (QHAMINARDY -
Yy 7 saznalszaoy 13) wiihu1diuilel Induied 4 urva qunsoan
A1 COD 910 16,500 ¥n/a aande 170 U/a d1SUYIUABLIIN 5,000 Ur/a
wéo 35 un/a uaEAMNYHIN 15,000 NTU mie 30 NTU lefniiuoas
mavlumssisanasms @M1 8 ez msznoy 14-16) ANNFOAAAY COD
fAfesendng 4400 -16,500 un/a Id¥evaz 95.442.6 anlmuEsuvanaeuf
fAsErIe 1,400 -5,000 W/ 1d¥osay 98.9+0.7 uazaalSumndy

521404 4,800 - 15,000 NTU 'ld¥e0as 99.540.5
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fENOU
Ay funls TndiesUsinadee @n /7 a)
NARDY
nfafl pou | 2 % 4 % 6 % 8 %
i Removal Removal Removal Romeoval
NGB
1 | CODmgn) | 16,500 | 3000 | 819 | 170 | 990 | 240 | 986 | 370 | 978
SS(mg/) | 5,000 | 1,600 | 68 a5 | 993 | ss 98.9 | 270 | 997
Turbidity | 15000 ] 90 | 994 | 30 | 998 | 65 996 | 600 | 96.0
(NTU)
pH 8.16 | 8.8 8.16 8.19 8.18
2 | coDmen | 4400 | 340 | 923 |30 ] 93 | 440 89 480 | 891
SS(mg/h) 400 | 85 939 | 30 | 979 | 80 | 943 70 95
Turbidity | 45800 | 550 | 885 { 60 | 988 | 120 | 975 150 | 969
(NTU)
pH 82 | 818 8.19 | 819 8.18
3 COD{mgfl) | 9,600 670 | 93.0 560 04.2 510 94,7 560 942
sS(mg/y | 3400 | 90 | 974 | 20 | 994 | 40 | 983 40 | 988
Turbidity 8,200 25 99.7 10 99.9 10 99.9 25 99.7
(NTU)
8.55

pH 8.58 8.56 847 8.47
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2 Un/a 4 U/ 6 Un/a 8 un/a
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Parameters Sovazmaelumatvauadsido 1 wawos

Usuma1e (un/a)

2 4 6 3
COD 89+5 95.4+2.6 91.143.9 93.7+3.4
S8 86.4+13.1 98.9+0.7 97.3+2.1 97.842
Turbidity 65.9+5.2 99.540.5 99+1 97.4+1.6
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TaeldansduludSinasenai 5 - 150 un/a Wumsadaznounams

ol A ' di o o ]
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ms | Funls Aou ‘ Ysumrnsdu wn/m)
NAno4 My
Afei neand | 5 10 20 30 50 80 100 150
1 COD(mg) | 16,590 | - - - ; ; .
SS(ma/) 5060 | 5000 | 5000 | 4900 | 4900 | 5000 | 4950 | 4900 | 4,900
Turbidity | 15,000 | 15,000 | 14,000 | 15,000 | 14,000 | 14,400 | 14480 | 14,400 | 14,000
(NTU) |
2 | conmen | 14000 | - . ) . - ; . ;
SS(mg/l) | 4200 | 4,100 | 4,100 | 4,200 | 4,100 | 4,100 | 4,100 | 4,100 | 4,100
Turbidity | 9,000 | 8,500 | 8,500 | 9,000 | 8800 | 8500 | 8500 | 8500 | 8,500

(NTU)
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¥
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AT

Ay fou dFnmifuan ainm)

ms3

nanag 5 10 20 30 50 80 100 150

COD(mgM) | 16,590 - - - " ; . ) ;
$S(mg/) 5060 | 5000 | 5000 | 4900 | 5,000 | 4,800 | 4,800 | 4,900 | 4,900
Turbidity | 15,000 | 15,000 | 14,500 | 14,500 | 14,000 | 14,400 | 14,000 | 14,500 | 14,000

(NTU)

COD{mg/l) | 14,000 - - - - - - - -
SSmgM) 4,200 4200 | 4,200 | 4,100 | 4,100 | 4,100 | 4,150 | 4,100 4,150

Turbidity 4,000 2,500 8,600 8,500 | %,700 3,700 | 8.800 [ 500 8,800

(NTU)

2.9 msnaasdlaslmssimsahanzaoudusnmudaolndnes
9
. o
mynaasatidums idmsduavadangnouvinadng  (Precurser)
1 2 3 A ci 1 A =Y g = oq Pt
doulusunity  etrufiilsza@ntnmnveamssaznoudae Indwes e
4 4 it
Seu mamsnaaes 3 a5 ueadBlumsn 1 wasmwdsznoy 17 Taold
o o A =y B P )
Twawe? 4 wn/a luynmaneasuilesnidhnffnafimngaufigaaums
w &t
NAand U0 2.1
w
nnramsnaassestiuuileldmsdy 5 wva Wumsaduaznon
ATT0aARA1 COD 90 16,500 ¥/a (MAD 100 WH/A d15HAIUABENN 5,000
) 4
AR/ WA 10 UA/a 1AEATINYUN 15,000 NTU wmde 15 NTU uag ldiilonns
o Y v .
abfauyy fannmivde 7.8 afu Alude 1 das uasszdunaldimnld
E
=y =3 < o o al A =y
asdululSnnniaulssanimmlumsssaamsniudosas  diedmiiu
Cl [+3 ar
ZovazmAulumtdanams @51 12 uazmwlsenoy 18-20) @wnsnan

3 (:‘i T H . .
A1 COD AiATENINg 4,400 - 16,500 UA/A 18d5zunadovny 96.442.2 an
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=1 :l 1 ¥
ST IINasu RS ErIN 1,400 - 5,000 un/a 1iovaz 98.940.8 uaz

L)

a toA '
W3mmanuuidisening 4,800 - 15,000 NTU 1dfesas 99.6+0.4

- e -
M9 11 ueealszdniamnissisanamsdie o dudFuiudnn i

9 ot £ <
ﬁ’l‘iﬁ‘i'lﬁmzﬂﬂu%?uiﬂﬂ']'uﬁ’mi'ﬂﬁmﬂi 4 un/a

n9 feu |- asduUTinesng amz mudaoIndmed 4 un /o
NARDY Aunls g
adeft naaod | 5 % 10 % 15 % 20 %
Removal Removal Removal Removal
1 cobDmgM | 16,500 | 100 . 99.4 | 240 98,5 235 98.6 | 400 97.6
$S(mg/) 5000 | 10 99.8 15 99.7 5 99.9 20 99,6
TurbidityNTU) | 15,000 | 15 99.9 10 99.9 15 99.9 50 99,7
Rubber(gm) - 7.81 7.28 8.00 5.88
pH 8.18 | 818 8.19 8.19- 8,20
2 coDmgt) | 4400 | 240 | 945 | 420 90.5 420 90.5 410 90,7
SS(mg/) 1,400 | . 30 97.9 40 97.1 60 95.7 230 83.6
TurbidityNTU) | 4,800 | 50 99 95 | 98 130 97.3 150 | 969
Rubber(gn) - - - - -
pH 8.2 8.2 8.19 8.2 8.2
3 COD(mgA) | 9,600 | 460 952 | 640 93.3 630 93.4 780 91.9
SS(ing/) 3400 | 40 98.8 35 99.0 60 98.2 330 90.3
Turbidity@®NTU) | §,200 5 99.9 5 99,9 15 99.8 55 99.3
Rubber(gm) - - - - .
pH 858 | 8.38 8.58 8.57 8.56

3) as A °y w Y g - 0
wnemg it idduhminudadeimmsenf 100 ¢ dunm

v
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Tnames 4 un/a
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my1e 12 nansdesasmanlumsmsavaanielFasdinlTinadegiduens

¥ o ¥ a o
ff‘i'l\iﬂﬁﬂﬂuﬂ’lll‘iﬂﬂ\ﬂﬂ?ﬂi?’iﬁmﬂ? 4 Un/a

dauls Yovazman lumsisammsdoldmsdulSutashen
an/a ybumadnsneudusnawdle Tndues 4 un/a
5 10 15 20
COoD 96.4.42.2 94,143.1 94.243.4 93.443
S8 98.940.8 98.61 97.9+1.7 07.246.6
Turbidity 99.640.4 99.310.9 0941.2 98.641.3
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wamslutdufeldangs aunsoand cop 916,500 un/a mde 440 un/a
AITULIUAOUIN 5,000 WH/A (MAD 20 N/ wazdTINMANNYUIN 15,000
A =y A f «
NTU 11180 35 NTU lilefailufovazmaolumstidauadis @msn 14 wag
MNUsENe 22-24) ANTAAART COD 9N 4,400 - 16,500 wa/a lAvszunl
3 =
Zovay 941427 USWmeesuuauaosnn 1,400 - 5000 wn/a Idsouas

98.9+0.6 UazlFINuANUYUNN 4,800 - 15,000 NTU 1830003 99.240.7
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n1s§ YurFinaignae) awdwindwes 4 unm -
NRADY dnnls ApuNIg
afadl naags | 5 % 10 % 15 % 20 %
Removal Removal Removal Removal
1 COD(mgA) | 16,500 | 840 949 | 500 | 969 370 97.8 440 97.3
SS(mg/) 5,000 50 99,0 15 99.7 20 99.6 20 99.6
Turbidity 15,000 180 98.8 20 99.9 15 99,9 35 99.8
{(NTU)
Rubber(gm) - 7.63 7.49 6.63 6.30
pH 8.18 8.18 8.15 8.16 8.18
2 CODOng/ty 4,400 400 90.9 410 90.7 520 88.2 410 90.7
$S(mg/l) 1,400 | 35 915 | 40 | 971 50 96.4 25 98.2
Turbidity 4,800 90 8.1 100 97.9 110 91.7 80 08.3
(NTU)
Rubber(gmy)
pH 8.1 8.1 8.09 8.1 812
3 COD(mg/T) 9,600 680 92,9 630 93.4 510 94,7 540 4.4
$S(mg/M) 3,400 90 97.3 30 99.1 25 99.3 35 g9
Turbidity 8,200 150 98.2 40 99.5 70 99.1 35 99,6
{(NTW)
Rubber(gm) - - - - -
pH 8.58 8.59 8.59 8.60 8.60
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SS 97.910.8 98.6+4:1.1 98.4+1.4 98.9+0.6

Turbidity 98.440.3 99.140.9 98.9+0.9 99.240.7
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me 16 adatlssAnSammstiavamnideldInded 4 uo/m, arsdu
5 un/a uaz1uv1d 20 un/a auaas Indmes 4 wa/a iy
ranzneu
A% aunls ABUMST H&ININABDY
f naass | Tw@wes 4w | avsdusuna | 1uvn 20 ur/a
audaoTvdey | awdaTnawed
4 un/a 4 un/a
i | coD (mgn) | 16,500 170 100 370
SS (mg) | 5,000 35 10 20
Turbidity | 15,000 30 15 35
(NTU)
2 | COD (mg/ly | 4400 310 240 410
SS (mgfl) | 1400 30 30 30
Turbidity | 4,800 60 50 80
(NTU)
3 | COD(mgn) | 9,600 560 460 640
SS (mgM) | 3400 20 40 35
Turbidity | 8,200 10 5 a5
(NTU)
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' A o e
AT 16 uanEansnaaesuuuAeiliaadials HRT anepiu

p¥ed fowds | neumns HRT (w#)
neaey | 8 % 10 % 12 % 15 % 20 % 30 %
Remova Removal Removal Rermoval - Removal Rermnoval
COD {mg /) 8600 | 760 91.2 B840 93.7 430 95.0 360 95.8 320 96.3 360 95.8
1 BOD, img / ) 240 | 220 8.3 118 50.8 110 54.2 90 82.5 92 61.7 86 64.2
SSimg/l) 1,300 | 220 83.1 50 86.1 70 94.6 60 95.4 50 86.1 40 96.9
Turbidity (NTU) | 2,800 | 380 ‘875 100 96.4 100 96.4 100 864 - | 100 064 60 97.8
CoD (mg /1) 8,400 - - 1,000 84.4 840 80.0 280 95.6 280 95.6 240 96.2
2 BOD; (mg /1) 360 - - 168 53.7 17 67.5 80 75.0 97 73.0 88 755
SSimg/} 2,400 - - 100 | 958 80 96.7 10 99.6 10 99.6 10 99.6
Turbidity (NTU) | 3,000 - - 120 96.0 120 96.0 30 99.0 40 99.0 30 99.0
COD (mg /) 9,400 | 880 80.9 500 947 400 85,0 320 96.6 300 96.8 320 96.6
3 BOD, (mg /1) 470 1180 61.7 110 76,6 85 81.9 90 80.8 65 86.2 75 84.0
S img /) 3,200 | 180 95.3 165 94.8 100 96.9 100 96.8 50 98.4 50 98.4
Turbidity (NTU) | 3,800 | 880 80.6 300 9.4 160 95.4 160 854 80 97.7 180 97.7

9
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cj o_ o A ] a’
msn 17 uaasdevazmaslumsiidauamsileld HRT A i

HRT (W1#) COD (%) BOD; (%) SS (%) Turbidity (%)
8 91.0 + 0.1 35.0 + 2.7 89.2 + 6.1 84.0 4 3.4
10 90.9 + 4.1 604+ 114 | 96.6+0.3 94.6 + 2.6
12 93.6 + 2.5 678+ 113 | 960+1 95.9 + 0.4
15 96.0 + 04 | 729+ 7.6 97.3 £ 1.4 96.2 + 1.5
20 96.2 + 0.5 73.6 + 10 98.0 + 1.4 97.6 + 0.9
30 96.2 + 0.3 74.6 + 8.1 98.0 + 1.4 98.2 + 0.6

o oydl 6 o A [ ] ' oy of
MmN 18 ufrmanvmwmmumimmmﬂﬂsumsmuamﬁ’hmaaa

aznoulivnnda ldeimeuand 19y

sposrasEn e umiaii CcoD SS Turbidity
Sassnznousudrldome (wu) | @n/a) (Mn./a) (NTU)
1.5 288 50 85
15.0 216 30 50
22.5 324 60 100
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2. anutlunsa ¢ Acidity )
2.1 gndl
0 ’éT'li’fIS’,ﬂ’lEJiJ'lﬂiﬁ”luT‘mﬁﬂu1l§ﬂ‘a‘f}ﬂll°ﬁﬂ(( NaOH ) 0.1 N
2) methyl orange indicator
3) phenolphthalein indicator
2.2 SugeumadnnEy
3 g]ﬁ‘tfﬁ’mtlw 100 fiaddas masluwaaglouyuing 250 faddns
2) WA methyl orange indicator 2 - 3 HYA lilﬂ@:‘éNﬂ’liﬂ'l mineral acidity
‘n'1mﬁ‘nm'sﬂmamsaﬂ*mammsgm‘[cman Yoason lua WNTETBYDY
daldsunnduasiudmdeswoud pH 45

¥

3) nuw  phenolphthalein indicator 2 - 3 HUA !ﬁﬂﬂﬂﬁﬂ’lﬁ'ﬂ? carbondioxide
widity  Mmsfimsamvesavaonnsg lsdonleasenlen  sunseis
dvonimlBouna hiidiihudanyi o1 83

2.3 MIATUIW

1 [ d
Acidity ( mg /L as CaCO,) = (A x N x 50,000) / USunadiseenair (ml)

o : = a1 & 1 ‘e ¥
Tag A = Wwnmmsasmenasgn Tadowloasen laanly
Tumsfimsa ( Haddas )
. ‘ = v L} ¢
N ‘= Normality ypdasazaiwiasgiu laduy lsasen lua
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3, aniiiuane ( Alkalinity )

3.1 gl
5 msaxawmmgmmﬁﬁmxﬁu (H,80,) 0.02N
2) methyl orange indicator
3) phenolphthaiem indicator

3.2 Sumoumsinsen
D mahdeans 100 fadaas masluwsaglauuing 250 Taddns
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aFAfNzOu 002 N wnszdveainBounndmdewouiudiasd
pH 4.5

3.3 MR
Alkalinity ( mg / L as CaCO, ) = ( A x N x 50,000) / ﬂ%‘mmﬁ"aaénﬁ"ﬁ (ml)
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L .
4. ANUNITIEAN ( Hardness )
et n 4 ¥ 2 a At RN
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e a o olal e . .
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4 savaneNMsgILRaTEY Fwma caco, 1000 nfu  Tuwagy
‘ﬁmjwm 500 dadans aNﬂﬂﬂugfs‘lﬁ’ﬁﬂw’m ABguAn 1+1 HCL 94
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6. COD ( Chemical Oxygen Demand )
6.1 T15indl
1) 'cmaaﬁmammigmaﬂai‘,%’fmmﬂmﬁawﬁ'anm ( FAS ) 025 M : 501
Tauda  Fe(NH,),(SO,), .6 H,0 98 nfu avanelrhndu @y cone. H,SO,
20 fiaddns dastluBunanduindunnlSnassami 1 dns
2 msazaonasg TdmdonlaTnsun 00417 M : 49 K,Cr0, ( oMY
figangll 103 esrnwadve Wluna 2 dalue) 12259 afu avarely
shadunlaSinassandhy 1 Bas
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5) ueETazaensaduzel 25 Yadans o e
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a o a ¥ ' ¥
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1A
6.2.3 MIAIUIN
Molarity ¥84 FAS = (13110 K,Cr,0, ( mi ) x 0.25] / U5u1a1 FAS 1l ( ml )
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7.1 d5in)
1) grsazaooamaiimlos ( Phosphate buffer solution ) : @&
KH,PO, 85 nfu K,HPO, 2175 AN NaHPO,7H,0 334 nfu uag
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) J t LI
ﬁ13ﬁ$ﬂ?ﬂuﬂ$ﬁﬂ1ﬁlﬂ‘ﬁm1ﬂﬂ 72
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¥ t Ey Fy
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4
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Using percent mixtures By direct pipetting into 300 mi bottle
% Mixture Range of BOD; Sample Volume ( mi ) Range of BOD,
0.01 20,000 - 70,000 0.02 30,000 - 105,000
0.02 10,000 - 35,000 0.05 12,000 - 42,000
0.05 4,000 - 14,000 0.10 6,000 - 21,000
0.1 2,000 - 7,000 O.ZG 3,000 - 10,500
0.2 1,000 - 3,500 0.50 1,200 - 4,200
0.5 400 - 1,400 1.0 600 - 2,100
1.0 200 - 700 2.0 300 - 1,050
2.0 100 - 350 5.0 100 - 420
5.0 40 - 140 10.0 60 - 210
10.0 20 - 70 20.0 30 - 150
20.0 10 - 35 50.0 12 - 42
50.0 4-14 100.0 6-21
160.0 0-7 300.0 0-7

3 @ Sawyer, C.N. and P.L., McCarty ( 1978 )
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3) Potassium Antimonyi' tartrate solution : 1.375 g K(SbO) CH,O, . 122 H,0
azaslniindunlatSines soo faddas
4) Ammonium molybdate solution ( Huluvianara@in 4 earuATY )
: 20 g (NH,),Mo,0,, . 4 H,0 azaolurhndusulalfinas  soo Haddas
5) Ascorbic acid 001 M ( fufi 4 eswuradua 1 o1finy )
: 1.76 g Ascorbic acid azawluindunlaifines 100 Goddas
6) Combine Reagent ‘],G;,Lf;
-50 ml 5N H,S0,
- 5 ml Potassium
- 15 ml Ammonium
- 30 ml Ascorbic
s diaz e lymolu 4 1T
7y Stock Phosphate
KH,PO, ( anhydros ) 219.5 mg azaelihndunlafSines 1 B
(1ml = 50 lulasady PO, -P)
8. Standard phosphate solution
@099 50 m! Stock phosphate moiinduonlelFines 1 fas
(tm = 25 Wwinsndy P) USU pH A28 | N NaOH, 6 N H,S0,
8.2 A15¥N calibration curve
1) laesavaio  standard phosphate USNAT 0, 2, 6, 10, 16 LAy 24
Jadans acluSnines 100 Radans uasduihnduumazinnesilsuas
. P v
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TREATMENT OF WASTE WATER FROM A RUBBER-GLOVES PLANT

" SONGKLA PROVINCE, THAILAND

P. Bunnaul, N, Srisuwan, S, Arrykul and S. Danteravanich

Prince of Songkla University, Hat Yai, Songkla Province, Thafland

Waste water from latex-related industry, particularly rubber-gloves plants, contains high

content of suspended latex particulates and has high level of COD and BOD.

Separation of

latex particulates from waste water using flocculation and flotation techniques seems to offer
ways to reduce the BOD and COD, apart from suspended solids content, down to a certain
level. Series of tests have been performed and the results indicate that precoagulation by
some indifferent electrolytes followed by polymeric flocculation and air flotation can remove
most of suspended solids from the waste water. The process can reduce COD level from
around 9500 ml/l down to 300 mg/l, the BOD, from 470 mg/l to 70 mg/l and reduce the
suspended solids content from 3200 ml/l to 50 mg/l.
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Introduction

Southern Thailand has long been one of world
major latex (rubber) producing regions. There are
qQuite & number of latex-related plants in operation
and some of them are located in Songkla province,
particularly rubber-gloves plants. There are now 12
plants in operation (1) and a number of new plants
have potential to open in near future. Considerable
volume of waste water from such plants needs well
treatment before legally disposal.” However, the
waste water is quite difficult to treat since it contains

very fine and light Jatex particles and some other
soluble chemicals. Thus, the prime objectives of this
research are to study and develope techniques for
treatment of waste water from latex-related plants,
Waste water from a rubber-gloves plant of Hy-Care
International Company Limited was chosen for the
study because the company was in Hat Yai, Songkla
province . which was in a very short distance from
Prince of Songkla University.

Rubber-gloves are produced using a latex
dipping process. Formers (hand-shaped models) are
dipped into a compound latex bath to allow a thin
layer of latex deposit on the formers. The formers
are then brougth into several steps in the production
line. The compound latex used in the production line
(approximatelfr 18 tonnes a day) has been pretreated
with chemicals such as valcanizing agent, activator,
accelerator and antioxidant for a day (maturation
step) to have the compound latex uniformly mixed
with chemical. After complete maturation, the
compound latex is transferred into the bath in the
production line. The maturation containers are then
washed with water., Washing process takes around
two-three hours in every morning. Total volume of
washed water on each day is around 3,000.7,000
cubic meters. Calcium chloride solution (75 mgfl) is
added into the washed water at the point where the
washed water flows from a transfer channel into a
concrete pond. Total amount of calcium chloride
solution used is around 150 litres a day. Calcium
chloride addition causes some of suspended latex
particles to coalesce into big lumps and float to the
surface and are skimmed off manually. However,
the washed water still contains high content of fine
latex particles and is very turbid. Actually, the
maturation containers washed water is the main
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source of polluted matter from the plant. Waste
water from the production line is much less poliuted
as can be seen in Table 1. Thus, it is decided that
the study be primarily emphasized on treatment of
maturation containers washed water only. The study
is also limitted to the removal of suspended
particulates, not the dissolved chemical constituents.

Table 1 Quality of Waste Water

Maturation Combined
Contalner Plant
Washed Water Waste Water

pH 8.5 (8.4-8.6) 7.0 (6.9-7.2)
Temp.(°C) 28 45
Suspended
Solids (ng/h) 4,200 (3,400-5,100) | 1,200 (250-3,000)
COD (mgh) 13,000 (9,600-16,000) { 3,200 (320-8,000)
BOD, (mg/A) 670 (400-1,100) 350 (160-540)
Alkalinity (mgA) 430 (260-520) 330 (120-460)
Acidity (ing/) 3 (0-10) 30 (10-70)
Hardness (mg/) 430 (250-530) 100 (0-290)
Turbidity (NTU) | 9,000 (4,200-15,000) | 1,300 (730-2,500)

Remarks |

1. Dala are average values from samples taken on 3
different days which are considerably fluctuated.

2, Total volume of washed waler on cach day widely
fluctuates from 3,000 10 7,000 cu.m.

3. COD = Chemical oxygen demand.

4, BOD = Biological oxygen demand.

Characteristics and Surface Chemistry of Latex
Particles

Latex freshly extracted from a rubber tree is in
a form of a suspension of latex particles in liquid
media called serum in which water is the major
constituent. The supension pH is around 6.5-7.0.
Latex particles are 0.05-5 microns in size and their
specific gravity is 0.975-0.980 (2). Latex particles
comprise mainly of hydrocarbon (C; Hy - 86 %) and
water {10 %) and minor amount of protein and lipid
(3). Surface of a latex particle is coated with a thin
layer of hydrated protein (4). It is quite reasonable
to believe that the hydrated protein layer plays a
major role in stabilizing a latex suspension. Protein
contains a large number of amino (amine, NH,) ,
carboxyl (RCOOH) and other polar groups (5).
Surface charge on a hydrated protein layer is
controlled mostly by dissociation of carboxyl and

amino groups according to the following equilibrium

reactions (6):
RCOO +H' = RCOOH’ pK = 47
RNH,’ = RNH,+H  pK = 106

102

Carboxyl is stable as a negative ion (RCOO-) at
pH values above 4.7 and is in the form of neutral
molecule at pH values below 4.7. Amine is stable as

-a positive ion at pH values below 10.6. Thus, net

charge on the surface of hydrated protein layer is
determined by concentration® of nagative carboxlyl
ions and positive amine ions. It has been found,
however, that the isoelectric point of protein is at
around pH 5 (5).

Since latex suspensions pH is around 6.5-7.0,
latex particles surfaces are negatively charged. Thus,
repulsion among similar charged particles keep latex
particles from coming close to each other to form
flocs. Generally, to make latex suspensions more
stable, in the process for preparation of compound
latex, ammonia solution is usually added to raise the
suspensions pH before and after centrifusing for
partially removal of water. It should be noted here,
nevertheless, that prime objective of ammonia
addition is to protect latex from bacteria. At higher
pH, latex is charged more negatively and as result,
the suspensions are more stabilized.

Applcation_of Flocenlation and Flotation for
Remoyal of Latex Particulates

Flocculation and sedimentation have been
widely used as aids in solid-fluid separation,
particularly in the mineral industry. Fine particulates
are coagulated or flocculated to form so much
coarser size of flocs that settle more rapidly in a
thickener or a settling. pond and leave the overflow
clear, However, sedimentation is not practical for
latex particulates since latex density is less than that
of water. Instead, flotation is a more applicable
technique for removal of latex from waste water.

One of many factors influencing flotation rate
and cfficiency is the rate of collision among particles
and air bubbles which is a function of particle size
and concentration of both particles and air bubbles
(7). Washed water from maturation containers
contains very low concentration of fine latex
particles. Flotation was found in rough preliminary
tests to be inefficient for removal of fine latex
particles. It is, thus advised that flocculation be
applied to make larger flocs prior to air flotation,
Movement of light flocs upwards can be considered
to be similar to the settling of heavy particles but in
an opposite direction. According to Stokes (8),
settling velocity is proportional to particle diameter
square, The velocity increases rapidly with particle
size. In case of latex, larger flocs of latex float to
the suspension surface at a higher rate while very
fine latex particles trend to stay in the suspension due
to high diffusional or Brownian movement.
Introduction of air bubbles into the system then
facilitates the transportation of all flocs of latex
particles to the suspension surface more effectively.

Since latex particles surfaces are charged
negatively, cationic polyacrylamide seems to be the
right flocculant for latex. ~Cationic polyacrylamide
can be adsorbed on solid surfaces by means of one
or more of the following : electrostatic charge
attraction, hydrogen bonding (9), covalent bonding




and hydrophobic interactions (10). Polymeric
flocculant adsorbs onto many particles simuitaneously
like bridges and holds particles together to form large
flocs (11). ..
Polymeric  flocculation process  efficiency
depends very much on physical process variables
such as solids concentration, rate of polymer
addition, polymer stock solution concentration,
agitation intensity during polymer addition and
intensity of disturbance in subsequent handling of the
flooculated suspension (12,13). It has been
experimentally demonstrated that agitation or
disturbance after polymer addition has been seized
causes degradation of the already formed flocs
(14,15). It has been also found that destabilization of
suspensions using low-cost reagents prior to
polymeric flocculation can improve the performance
of flocculation process (13,14), Thus, precoagulation
with lime and alum is also included in this study.

Preliminary Tests

Preliminary tests were conducted in a standard
mixing tank originally designed by Holland and
Chapman (16) and applied to flocculation studies by
Keys and Hogg (17). The tank was constructed
using a 1000-ml beaker. Four plastic baffles were
glued on each of the opposite sides of the inside wall
of the beaker. The impeller is a six-bladed radial
type with the diameter of 3.5 centrimeters. It is
driven by a variable-speed stirrer, The suspension
volume in each test was | litre, Two small aerators
(porous ceramic frits) were placed at the bottom of
the tank. Air was supplied by an acerator-pump
normally used in a household aquarium which is
connected to the frits by small plastic hoses. The
polymeric  flocculant used was a cationic

polyacrylamide. The polymer was stocked at the.

concentration of 0.4 mg/ml (400 ppm). Indifferent
electrolytes of lime and alum which were used for
precoagulation were stocked at the concentration of |
mg/ml (1000 ppm). Flocculants were added to the
tank manually using 20-ml syringes at approximately
0.3 ml/sec addition rate, Well practice was required
to keep the addition rate as consistent as possible.
The end of the syringe needle was at the same level
of the impeller (3.5 cm above the bottom of the
tank). Once, the flocculant addition was complete
the stirrer was switched off immediately to avoid floc
degradation due to excess agitation. Having switched
off the stirrer, the aerator pump was turned on to
supply air to the frits to create sufficient
concentration of air bubbles in the tank for the
flotation of flocculated latex particles. Froth layer
containing latéx particulates were scooped out off the
tank. Flotation was kept on for 3 minutes, Samples
of water in the tank were then taken for quality
analysis,

The results of the preliminary tests are
illustrated in Figure 1. The results demonstrate that
polymer addition leads to rapidly decreasing COD
value, suspended solids content and suspension
turbidity until mimimum values have been reached at
the polymer dosage around 4 mg/l (see Figure 1-a).
Further polymer addition produces worse quality of
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the effluent. However, the minimum suspension
turbidity is still somewhat high. Fine latex particles
suspended in the effluent can still be observed, This
is possibly due to poor collision effeciency among
fine particles and polymers that leaves some particles

“unflocculated and stay dispersed in the suspension,

Precoagulation with lime apparently failed to improve
the process performance while precoagulation with
alum did (see Figure 1-b-1 to 1-b-3),

Eventhough precoagulation with lime was
observed to be successful, lime addition seemed to
create some other phenomena that hindered the
subsequent polymeric flocculation.  Apart from
compressing the electrical double fayer around latex
patticles that brought about mutual coagulation, lime
addition might raise the pH of suspensions according
to this reaction: R

~9, -
Ca0 + H,0 = Ca +20H

It has been reported before that raising the pH
to a more basic range probably causes hydrolysis of
a significant number of amide groups (- CONH,) in a
cationic polyacrylamide that produces negative
charge sites of RCOO on the polymer (10,18,19).
Moreover, amine functional groups in the cationic
polymer are aJso hydrolyzable to convert from
positivg RNH; sites to ionomolecular complex
(RNH; * RNH,) and to neutral RNH, groups as the
pH increases to basic range (20). Therefore, addition
of lime might possibly reduce number of positive
charge sites of RNH, and produce a sigpificant
number of negative charge sites of RCOO on a
cationic  polyacrylamide. Electrostatic repulsion
among similar charge (RCOQ } on both the polymer
and latex particles ,coupled with the reduction of
cationic sites (RNH, ) on the polymer may lower the
extent of cationic polyacrylamide adsorption on the
precoagulated latex flocs surfaces and thus, these
effects offset the benefit of precogulation that is
expected to improve particles collision rate and
flocculation effeciency. The preceding discussion
seems to be a good explanation why lime addition
does not improve the subsequent cationic polymeric
flocculation,

In contrast, precoagulation with alum prior to
flocculation with cationic polyacrylamide appears to
significanlly improve the effluent quality,  The

optimum dosage of alum lies around 5-15 mg/l.

High ionic strength due to addition of alum (sulfate
salt of aluminium) might effectively compress the
electrical double layer around latex particles leading
to coagulation of fine particles into small flocs.
Formation of small flocs of much larger siz¢ than
fine latex particles help improve collision rate in
subsequent polymeric flocculation and thus improve
flocculation efficiency and improve the effluent
quality. Excess addition of alum seems to reduce the
effluent quality. The possible explanation may be
that excess alum addition might lead to specific
adsorption of aluminium ijons or their hydroxy
complex onto the negative sites of latex particles
surfaces leaving less number of negative sites
available for electrostatically adsorption of cationic
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polymer. However, detail study on surface chemistry
of polymer adsorption is required for making better
and conclusive explanation,

Continuous Tests

Series of continuous tests were performed in a
set of tanks arranged as illustrated in Figure 2,

Raw waste water tank

Alum addition |
[ ]

4

Control
tank

- Flocculation tank

Polymer addition u
- Precoagulation
tank

Froth
products

Flotation tank

| Q0504 Al
» Effluent

Figure 2 Experimental set-up for continuous tests

Electrolyte Dosage, mg/1

Electrolyte Dosage, mg/l1

Raw waste water from a 80-litre tank was
allowed to flow continuously into a precoagulation
tank at a predetermined flow rate and constant static
head (35 cm) via a l14-litre contro} tank and a flow
rate control valve. Overflow from the precoagulation
tank entered a4 polymeric flocculation tank near the
bottom of the tank via a small hose. The
precoagulation and flocculation tanks were similar to
the standard mixing tank used in preliminary tests.
The diameter of the tanks was 12 cm. and the height
was 19 cm. The position of the impellers and
flocculant addition tubes were at the level of 6 cm,
above the bottom of the tanks. The speed of both
stirrers was 1000 rpm. Alum solution was
continously added to the precoagulation tank at the
rate of 5 milligrams per litre of suspension. Cationic
polyacrylamide was added to the flocculation tanks at
the rate of ‘4 mgfll. The flocculated suspension
overflows into a 13.7-lire flotation tank.  The
flotation tank was a rectangular tank having a
dimension of 23x23x30 ¢m (WxLxH). Froth weir
was 4 cm below the top to the tank. Sixteen aerators
(porous ceramic frits) were placed at the level of 6
cm above the bottom of the tanks, Air was supplied
by four aerators pumps at the combined gir flow rate
of 400 mlfs, The feed inlet was located above the
aerators and its-position (level)} was adjustable.

Shown in Figure 3 are the results of continuous
tests performed at different volumetric flow rates of
waste water, Mean residence times on the ordinate
in Figure 3 were determined by dividing the flotation
tank volume by the controlied volumetric flow rate.




Figure 8 Continuous flocculation and flotation
tests results at different flow rate,
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Noie @ 1) Quality of raw waste waler was ;
Turbidity 3500 NTU
Suspended solids 3200 mg/l
COD 9400 mgA
BOD 470 mgh
2) The feed inlet tevel is at 7.5 c¢m above
the bottom of the flotation tank,

Table 2 Continuous flocculation and flotation
at diferent level of feed Inlet to the
flotation tank

Positlon | Turbidity, | Suspended
of feed | NTU solids, mgl | COD,mgN
Inlét +
7.5 35 50 288
15.0 50 30 216
22.5 100 60 324
Note 1) * cm above the bottom of the flotation tank.

2)  Mean residence time = 15 minutes

Figure 3 shows that the quality of the produced
effluent is improved significantly. The minimum
residence time required is around 15 minutes.
Longer residence time does not provide any further
improvement of the effluent quality. It can be seen,
however, that the effluent turbidity and the COD
level are still stightly high. Further adjustment of the
experiment parameters are necessary. A position of
the feed inlet to the flotation tank seems to be one of
the adjustable parameters. Bxperiments at different
position of the feed inlet using the same lot of waste
water sample as used in the previous tests have also
been performed and the results are given in Table 2.
It is obviously shown in Table 2 that the optimum
position lies at some distance above the aerators.
Positioning the feed inlet too close or too high above
the aerators results in worse quality of the effluent.
Hydrodynamic pattern in the flotation tank seems to
play an important role.  With the feed inlet
positioned too close to the aerators, more misplaced
flocs (particularly small flocs) may be possibly
allowed by hydrodynamic conditions to report into
the zone beneath the aerators and flow out with the
effluent stream at the bottom of the tank. On the

105

other hands, positioning the feed inlet too high might
allows large flocs to be transported to the surface at
a higher rate, As a result, the possibility of fine
flocs or particles to be enmeshed or entrapped by
networks of larger flocs is minimized. Thus, more

~ fine flocs or particles those degraded from large flocs

are left out of the networks and are carried by liquid
strearn around froth (bubbles) interstices and -are
drained down to the bottom of the tank and to the
effluent stream.

Conclusions

The experimental results obtained in this study
have shown that the application of flocculation and
flotation processes for the treatment of waste water
containing latex particulates are very promising even
though the final quality of the ecffluent are still
slightly high above the allowable standard. Cationic
polyacrylamide works well as a polymeric flocculant,
Precoagulation with lime prior to polymeric
flocculation fails to further improve the process
performance. However, significant improvement of
the effluent quality can be achieved by
precoagulation with alum. Optimum dosages of alumg
and the polyner are found to be around 5-15 gm/m
and 4 gm/m respectively. Mean residence time in
the flotation_tank. is indicated by continuous tests
results to be around 15 minutes,and this is equivalent
to the tank,volume of 0.25 m required for a flow
rate of 1 m /hr of waste water. Study in more detail
into other process. parameters not _included in the
present - study is  recommended for  further
improvement of the process to produce the’ éffluent
with better quality.  Such parameters may be
flotation tank configuration, air flow rate, froth depth
and some other flocculation process parameters,
Addition of flotation reagents such as a frother might
be helpful to the process.

However, without further study in ‘detail, the
process introduced in this study can still be applied
for the primary treatment of waste water from a
latex-related plant,  The process Is believed to
tremendously reduce pollutant  loading to  the
subsequent biological treatment of the waste water.
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