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An assessment of granular activated carbon for detergent with respect to organics and

nutrients

Abstract
A detergent is a formulation comprising essentiaistituents (surface active agents) and
subsidiary constituents (builders, boosters, fll@nd auxiliaries) The production of waste
from human activities is unavoidable. It is possitd reduce the total waste discharge by
applying cleaner technology in household.

The investigation was undertaken to compare therptien efficiency of granular
activated carbon with respect to uptake of the mimgacomponents responsible for the
chemical oxygen demand (COD) and nutrients(phospduad nitrate) of detergent. The
phosphate and nitrate content of detergent inflegtite phosphorous and nitric load
significantly. Chemical Oxygen Demand (COD) redoigti in the wastewater of up to
30~50% have been achieved resulting in less enviential impact and lower wastewater
disposal costs.



Activated carbon is carbon treated at high tempegawith a physical or chemical

activating agent producing an internal porous plrstructure and has been used for many
years in wastewater treatment. Granular activaéeblons can be used for adsorption of
gases and vapors and those in purification of digifior which a powdered material is
desired. Granular activated carbons (GACs) are withéh a column for water treatment.
The water flows through the carbon bed, where acgawolecules present as contaminants
are adsorbed on to the carbon surface. When thertas saturated with the adsorbed
molecules, the carbon loses its adsorptive abditygl is removed from the system and
regenerated.

Surface Active Agent: Chemical compound which, wh&solved or dispersed in a liquid
is preferentially absorbed at an interface, givisg to a number of physico-chemical or
chemical properties of practical interest. The roole of the compound includes at least
one group with an affinity for markedly polar suwés, ensuring in most cases
solubilization in water called amphiphilic producasd a group which has little affinity for
water.

Environmental |ssues

Propylene tetramer benzene sulphonate held almoastputed sway as the major
ingredient used in washing operations till theye@f60s. Around this time it was noted,
however, that sewage treatment problems were gri$ime amount of foam on rivers was
increasing and where water was being drawn frontsi@tated close to household
discharge points, the water tended to foam whenrgpout of the tap. This was attributed
to the fact that propylene-based alkyl benzenehsulates are not completely degraded by
the bacteria naturally present in effluents, and fuather narrowed down to the fact that it
is the branched-chain formation of the alkyl berezeshich hinders the attack by the
bacteria. However, fatty acid sulphates were fawndiegrade very easily, and since all
naturally occurring fatty acids from which fattycahols are produced are of the
straight-chain variety (as also are the Ziegieoladds which started appearing in
commercial quantities at about this time), it segpessible that a straight-chain alkyl
benzene might be degradable.

Methods of test were developed and it was, in factyed that linear alkyl benzene is
biodegradable. Germany introduced legislation fotihig the discharge of

non-biologically degradable material into seweltayss. In the USA detergent
manufacturers agreed voluntarily to switch ovenf®T benzene to linear alkyl benzene
by June 1965. In the United Kingdom a similar tgh&gentleman’'s agreement' was entered
into.

The change to linear alkyl benzene (which can Imsidered as a return to a purified form
of the keryl benzene in use twenty years previgugdye some rather surprising results. It
was found that the detergency in a heavy-duty féetian using linear alkyl benzene
sulphonate was approximately 10 per cent better wieen using PT benzene sulphonate,
solutions of the neutralized sulphonic acid hadveel cloud point, and pastes and slurries
had a lower viscosity. The first two results webwiously advantageous and a lower
viscosity in slurries had an advantage when thdymbwas spray-dried to a powder, but
when the LAS was sold as a liquid or paste detérdfeis lower viscosity had to be
overcome as sales appeal was lost. The manufaaftpevders based on LAS posed some
problems, however. Powders became sticky andhest free-flowing characteristics,
whether made by spray-drying or one of the othahous.



Mausner and Rainer' have indicated that the adaaier distribution of the linear alkylate
has an effect on the stickiness of the powder, thigh2-phenyl isomer giving the greatest
tendency to stickiness and the 5- or 6-phenyl isdheleast. Additives to overcome this
tendency have therefore been developed.

The switch to linear alkyl benzene is not, howegemplete. In many parts of the world
where the problem of sewage treatment is not seribbe PT benzene is still being used in
ever-growing quantities. Also the Ziegler alcohale now competitively priced with the
linear alkyl benzenes, and alkane sulphonateseappearing. Having successfully coped
with the problem of biodegradation the industryeid@ new attack. It appeared that in
certain lakes and ponds algae started reprodutiag anprecedented rate. This was
blamed on the extensive use of phosphates which fared for these organisms, and again
the detergent industry became the whipping boyalse tremendous amounts of sodium
tripolyphosphate are used and then discharged dosveewer. (The term eutrophication,
meaning nutrition by chemical means, has beenegpdi this phenomenon.) It is not clear
whether the blame should be taken solely by therdent industry, as concurrently with
the increase in the use of detergent phosphateswees an increase in the use of
phosphate fertilizers, which also find their watoinatural water systems. However, with
the big international preoccupation with ecology tletergent industry is searching for an
efficient substitute for sodium tripolyphosphate.

To date a complete replacement has not been fouinid the Scandinavian countries
particularly, formulations of household powders laeginning to appear with appreciable
portions of the phosphate replaced by NTA (nittilacetic acid) which is a better
sequestering agent than tripolyphosphate but has abthe other properties exhibited by
the phosphate. There are fears that in time theneetd use of NTA might bring new
problems of this sort, as it contains nitrogen Whgagain a good fertilizer and nutrient for
algae.

The search is still going on for a phosphate stietiNTA on its own will only partially
replace phosphates. A mixture of NTA and boraxbeen suggested as a complete
replacement but here again the borax might procware problems than the phosphate is
alleged to produce. Some of the hydroxy-polycarlioxcids not containing nitrogen are
also being considered.

Enzymes

The biggest single revolutionary trend in the dget industry in the latter years has been
the use of enzyme additives. Enzymes as aids thimgare not new to the industry.
Proteolytic enzymes had been tried as additivegtshing powders in Germany in the
1920s with only moderate success and again in 8iatzd in the 1930s. Enzymes, which
can be called organic catalysts, tend to hastartioes and the proteolytic enzymes
convert or 'break down' proteins wholly or pargiaiito amino acids. The action is rather
slow and the production costs high, but with imgwnethods of production and
purification, strains of enzymes, usually in admmetwith a proportion of amylase which
breaks down starches, were developed which weaigwelly fast acting. These were added
initially to 'pre-soak’ detergents and found imnageliacceptance in the European countries
where washing habits were such that washing wasalbr soaked for a period prior to the
wash proper.

Better and better strains of enzymes were deve|opittd stability to a wider pH spectrum,
stability against perborate and quicker actiortheanUnited States detergent manufacturers
resisted the incorporation of enzymes into thewgbers for some years after this type of
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powder had almost completely swept the board impibut in 1968 enzymatic powders
started appearing there as well. The positionegent is that enzymatic powders are now
holding a large proportion of the household detergearket and formulations appeared
made for machine washing. Some washing-machine factowers are now producing
automatic washing machines with a 'Bio’ programrh&kvallows the washing to remain
in contact with the detergent solution for an eghperiod of time at a relatively low
temperature before beginning the washing and repatidle. The future of enzymes is at
the moment obscure as the production of enzymatiaprs has raised its own problems,
and one Scandinavian firm has already decided tadwaw its powder containing enzymes
from the market, but other large firms are takingyanes out of some of their powders
while forging ahead with others

Keywords: liquid detergent; Granular activated carbons
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COD & > v e 4f COD Ed B 5 809mg/1 » HHEBm A T H <~ » AL 5 COD &
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Rk R 3. 0g & 21, st > Rk e 2.0g 5 16, 5%E £ 0 d A e E 5 kR
mirE 1.0g & 24, 0047 > e B 2t 3.0g & 1. 8% £ > ¥ e 2 Bk im |
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#= 7 30min & 12hr %A &7 k£ & 2 F 00D B2 COD 2 % % (%)

A A

2

B % 2 4, pH=8. 02

¥ F PR 30min 12hr
Fok B E 2 () COD(mg/L) | COD =2 “,f F (%) | COD(mg/L) | COD =2 “,% F (%)
0.0 809 809
0.5 649 19.8
1.0 704 13.0 352 56. 9
2.0 571 29.4 299 63. 0
3.0 595 26.5 017 36. 1
A g5 pl=T. 84
¥ F PR 30min 12hr
AR E £ (2) COD(mg/L) | COD 4 * = (%) | COD(mg/L) | COD & *& = (%)
0.0 121 721
0.5 087 18.6
1.0 591 18.0 275 61.9
2.0 602 16.5 246 65. 9
3.0 567 21.4 391 45.8
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A A

%4 &< 5 pl=T7. 83

¥ F PR 30min 12hr
Fok B E 2 () COD(mg/L) | COD 2 “,f F (%) |COD(mg/L) | COD 4 “,% F (%)
0.0 338 338
0.5 264 21.9
1.0 257 24.0 88 74.0
2.0 284 16.0 393 (16.3)
3.0 332 1.8 933 (176.0)
A A ¥ § Fak 2, pI=T. 93
¥ F PR 30min 12hr
AR E £ (2) COD(mg/L) | COD 4 * = (%) | COD(mg/L) | COD & *& = (%)
0.0 466 466
0.5 393 15.7
1.0 353 24.2 182 60. 9
2.0 268 42.5 570 (22.3)
3.0 340 27.0 652 (39.9)
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A LA £ §r 4 FefE, pl=T. 84
¥ F PR 30min 12hr
Fok B E 2 () COD(mg/L) | COD & “,f F (%) |COD(mg/L) | COD 4 “,f F (%)
0.0 678 678
0.5 565 16.7
1.0 547 19.3 243 64. 2
2.0 492 27.4 256 62. 2
3.0 454 33.0 648 4.4
FFPER 30min 2 72 k£ 220D Ee2 COD 2 5 4 (%)
EaTy %4k ¥ F ok By
AR LA =k
2 H £ 5 7 #F A
Al E £ (g) COD 2 % % (%)
0.og 19.8 18.6 21.9 15.7 16.7
1. 0g 13.0 18.0 24.0 24.2 19.3
2.0g 29.4 16.5 16.0 42.5 27.4
3.0g 26.5 21.4 1.8 27.0 33.0
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¥ lg’_é_ e /F /3’?”3‘\?‘]2

¥

NOs-N ~ NOz N ~ PO:" & & ppm

FEmT A

Vs

MR &SR % Bk R ppn

0O o e g WA kA | WE ROERM | S WL RH
NOs -N 0.6 2.7 1.2 5.4 3.5
NO:2 N 50. 0 291.0 104.0 159.0 9.0
PO, 23.0 42.9 2.2 5.2 2.4
PEE2 FEmE R E & 12hr
FHEREE
, : 0.5 1.0 2.0
¥ % BER ppn & & &
NOs -N 0.83 0.67 0.86
NO: -N 4. 54 2.91 18.29
PO, 0.18 0.58 05.24
PRFEHEREE L

e £ 2 (0.5g)

A

& B

¥ % BER ppn

0O RO | RES | A RES | B RERH | 2 FA K
NO: -N 6.6 62.2 2.4 7.5 2.4
NO: N 102.7) 191.8 237.6 113. 9 11.6
PO, 34.1  30.9 10. 9 15. 7 5. 4

16




s E £ (2.52) AR LA
s x . ¥ % @R ppn
S % W A6
¥ RRRAE FREIA | BT | B AET | BF FELH | S AR
NOs -N 1.2 43.4 1.5 1.7 3.8
NO:2 -N 184. 8 213.0 210. 2 106. 7 17.9
PO.” 25.0 48.0 10.6 24. 8 10.9
AR E £ (5. 0g) A LA
w ¥ . ¥ 4% 3R ppn
Y % W A6 4
Br R Rl R SR R A I Stk e Rkl
NOs -N 4.0 32.9 1.6 10.6 2.9
NO:2 -N 155.1f 197.2 169. 2 117.3 18.8
PO.” 21.0 47.9 9.5 25.9 13.0
1L E £ (7.58) A LA
o ¥ & BEA ppn
S % AR _ - -
FAREH BORE RO [ EES | BA RS | W R | S F kM
NOs -N 8.1 12.3 2.8 10. 8 9.3
NO: -N 245.8| 124.2 5.8 188.7 29.8
PO.” 29.1 22.3 15.5 19.9 24.5
A E £ (10.0g) FEA AL
s x N ¥ % ®ER ppn
S % W A6 _ — -
FRRRA SRR AR B ks | PR TRER | FE AR
NOs -N 5.6/ 28.6 4.6 8.8 6.0
NO:2 N 215.6| 229.4 36.0 28. 7 37.9
PO.” 39.7  23.7 19.5 23.6 37.5
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A LR v Rk A
F A WA ¥ % BEA ppn
AT E blank 0.bg 2.5g bg 7.5g 10g
NOs —N 5.6 6.6 1.2 4.0 8.1 5.6
NOs—N 50.0 102.7 184.8 155.1 245. 8 215.6
5 23.0 34. 1 25.0 21.0 29.1 39.7
PO«
FRA LR e B
PR B ¥ % @)L R ppnm
PR E blank 0.5g 2.5g g 7.5g 10g
NOs -N 2.7 62. 2 43. 4 32.9 12.3 28.6
NO: -N 251.0 191.8 213.0 197.2 124.2 229.4
PO 42.9 30.9 48. 0 47.9 22.3 23. 7
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iR LA
¥ & BN ¥ % BEA ppn
PR E blank 0.5g 2.5g 5g 7.5g 10g
NOs -N 1.2 2.4 1.5 1.6 2.8 4.6
NO: -N 104.0 237.6 210. 2 169. 2 75. 8 36.0
PO/ 2.2 10.9 10.6 9.5 15.5 19.5
TR LA Y Rt
¥R B ¥ % ®E R ppm
mEREE blank 0.5g 2.5g 5g 7.5g 10g
NOs -N h.4 7.5 7.7 10.6 10.8 8.8
NO: -N 159.0 113.9 106. 7 117.3 188.7 28.7
PO/ .2 15.7 24. 8 25.9 19.9 23.6
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A LA

Y
N

D
RS
e

¥R BN ¥ % @k & ppn

EPREE blank 0.5g 2. bg bg 7.5g 10g
NOs -N 3.5 2.4 3.8 2.9 9.3 6.0
NO: -N 9.0 11.6 17.9 18. 8 29.8 37.9
PO.* 2.4 h.4 10.9 13.0 24.5 37.5
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A L
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i}
TR
#

PR E 0.5g lg 2g 2.5g 3. 0g g 7.5g

, 6.6 5.3 2.6 1.2 1.8 4.0 8.1
NOs -N

, 102.7 122.3| 163.9] 184.8[ 180.1 155.1] 245.8
NO: -N
PO/ 34. 1 31.8 27.3 25.0 24. 72 21.0 29.1

4
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A LA EXET
¥ A BN ¥ % BER ppn
EEREE 0. b5g lg 2g 2.5g 3.0g bg 7.5g
NOs -N 62.2 57.5 48. 1 43. 4 41. 3 32.9 12.3
NO:-N 191.8 197.0 207.5 213.0 209.9 197. 2 124. 2
PO/ 30.9 35.1 43.7 48. 0 47.9 47.9 22.3
400
= e
o W P043-
200 .—‘\’\- —=—02-
™ ' ——N03--N
= 100
()
O | | |

0.5¢ 2.5¢ g

1.5¢
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FEA LA %4 iR
¥ & BN ¥ % BER ppn
BPRE T 0.5g lg 2g 2.5g 3. 0g 5g 7.5g
NOs -N 2.4 2.2 1.7 1.5 1.5 1.6 2.8
NO: -N 237.6 230.8] 217.0 210. 2 202.5 169. 2 5.8
PO/~ 10.9 10. 83 10. 7 10.6 10.4 9.5 15.5
300
e PO43-
W \r_v
4150 —8—N02-
Pl 1(5)8 A ——N03--N
S
) = o o -+
0.5¢ 2.5¢ 5¢ 1.5¢
%4 A5
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TR LA WE RER A
¥ & BN ¥ % BEA ppn
s EE | 0.5g lg 2g 2.5g 3. 0g 5g 7.5g
NOs -N 7.5 7.5 7.6 7.7 8.3 10. 6 10. 8
NO:2 -N 113.9 112.1 108.5 106. 7 108. 8 117.3 188. 7
PO.* 15.7 19.0 22.6 24. 8 25.0 25.9 19.9
250
= 20 — PO43
T 150 - i
g - g ——N02-
~ 100
= ——N03--N
= 50
0 ¢ —— — . 4
0.5¢g 2.5¢ 5S¢ 1.5g
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A A

AR ¥ A& BER ppm
AR E 0.5g lg 2g 2.5g 3.0g 5g 7.5g
NOs -N 2.4 2.8 3.4 3.8 3.6 2.9 9.3
NO: -N 11.6 13.2 16.3 17.9 18.1 18.8 29. 8
PO/ h.4 6.8 9.5 10.9 11.3 13.0 24.5
0
.
= 60 PO43-
=
ad0) —8—N02-
e —— 03—
=2 | ./.—./. NO3--N
()
0 - ne ~—
0.5¢ 2.5¢ 5S¢ 1.5¢

2 2
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A LA Gl RERE
R E 2 0.5g lg 2g 3g
3.00 2.48 11.53 15.14
COD
removal/NOs -N
0.19 0.11 0.18 0.15
COD removal /NO:
0.58 0.41 1.08 1.10
COD removal/P0s*"
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A R ED
AR EE 0.5g lg 2g 3g
0. 30 0.31 0.34 0.52
COD
removal/NOs -N
0.10 0.09 0.08 0.10
COD removal /NO:
0. 60 0.51 0.38 0. 45
COD removal/PO:"
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< 060 —e— (0D
- 040 _a renoval /NO3—N
== 0. P ———
-
= 020 =— b
O 0.00 ‘ removal/NO2-
. COD
05¢g Ig 3g removal /P043-
Y e
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iR A o2 g
AR E 2 0.5g lg 2g 3g
9.13 11. 06 9.30 1.19
COD
removal/NOs -N
0.09 0.10 0.07 0.01
COD removal/NO:
2.01 2.22 1.50 0.17
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¥r N
¥ 6 F
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0.50 lg 3g removal/P043-
R e
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T LA

Y

R E 2 0.5g lg 2g 3¢
2.09 3.21 5. 57 3. 27
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F A A * e
R E 2 0.5g lg 2g 3g
6. 96 7.02 7.97 9.17
COD
removal/NOs -N
1.44 1. 46 1.68 1.82
COD removal/NO:
3.09 2. 86 2.89 2.93
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