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rntroduction amonia (Table 1). The pH values of aqueous suapen-

Amonia is produced in ¡¡aste water and serüase 
slons of varlous oxidízed sanples and the amounts of

treatment plants. The presenc" of 
" 

or,i"-i"1"i.I' 
varlous baeeg neutreltzed by the carbons are llsted

ís undesLrable because ,rlttr"tely ia gál"1r"".ri.i 1n Table 1' The effl-ciency of varlous oxldatlve
into nltrites and nitrates ¡¡hlch act 

"" "";;i;;;;-- 
treatments to enhance amonla uptake of a given carbon

for algae growrh. The present st,ray aá". i i l ; ;- ; ; .  
fol lo¡¡s the order: mo¡ 

I  - lY¿lzszos'H2o2 
> moist

use of surface-modff led carbons for th; 
-----.-":  

aÍr > dry alr.  Amounts"of NaUeol, ' t tárco. 'aid Naott
,monia. 

Lr¡ss carDo's ror Ene removal or neutralized by various samples r3íror'trr8 eame trenC
as the adsorptl-on of amonla, l¡hereas pII values of

Experimental the aqueous suspensions decrease ln the reverse order.
For a given carbon, the amounts of different bases

Actlvated carbons supplled by five dffferent neutralized vary in the order
companl-es, nanely A (12x40 uesh), B (4x10 nesh), C
(8x30 rnesh), D (6x8 nesh) and E (4x10 nesh) were 

NaoII > NatCo, > NII4OH > NaHCO,
used' These carbons had N, areas (77"K) ln the range Varl.ous oxldatlve treatnents had 1ittle or no
i:9-9:9 

nl/ ,e ana co, areas¿(iSa;r) ' in the range effect on surface areas of carbons. Alrhough for
540-825 mz/9. Aquedus suspensLons of the carbons had each oxidative treatment surface areas of sampres
alkallne pH values in the range 7.1-9.1. derlved from carbon C are lower than those of the

other carbons, samples from carbon C have the high-
The as-received carbons rúere glven oxidative est amonia removal capacities. The high surface area

treatments wLth dry and moist air at 285oc, HNo,, of act ivated carbon often deternlnes i is use Ín most

.0.211 
(NHO)rSro, (amonium persulfate), and 2N H;or. industr ial appl icat ions. I lowever, in the present

llolst alr retefs to an air-rüater vapor nlxture át'a study the chemical nature of the surface, rather than
total pressure of I atm containing vater vapor at a the nagnJ.tude of the surface, determines amonfa
part ial pressure of 17 Torr. For treatment with removal capacity.
HNOa, carbon was heated with concentrated HNO- (f0
cnr-IfNor/8 carbon) to dryness at 80"C. For t ieatnent Boehm (1) has suggested a selective neutral i-

lá'1,{T+'eiaog,.ilÍ,1a3,;"i:.il11'"ffi.':::n"'i:::J"n :::ii:.ffi':i:":.:::ff,)llil,;,*lalh,.ill"i'll"lll,"
were shaken mechanlcally for 48 hr at room ternpera- and phenolfc acid groups. He has concluded that
ture. After oxidative treatnent r ir i th dff ferent NaHCO. neutral izes carboxyl ic groups, Na.Co^
oxidizing solut ions, the carbons were washed free of neutrál izes carboxyl ic aná laciontc groufs,Jand
excess oxldants wl,th water and dried at ll0oC. NaOH neutralizes carboxylic, lactonic aná phenolic

Neurralizarion or 0.lN solutions or Naorr, NaH- Sllili; .llÍi.i";r"::lr:*:" ;":ffi":i:."f.li!"1n..
CO3' Na2C03 and NHOOH by carbons was determined by for conpletely oxfdized carbons tnice as uany acfd
mj-xlng lg portÍons with 100 cmJ of solut lon. After groups rüere neutraltzed vlth NanCo" as with NaHCO'
attalnment of equillbrium, the fall tn concentration whereas r¡ith NaOH three tfmes tÉe ÑanCO^
of NaOH, NaHCO" and NarCO" solutions vas determÍned neutrallzatlon was achieved. J

by t l trat ion wfth HCl, 'whdreas decrease ln concen-
tration of amtonla was determined using an Orlon In the present study when the amounts of NaHCO^.
amonÍa electrode. NarCo" and NHr0H neutral ized by dif ferent sanples 

J-
' lteie flotted ágainst amounts of NaOH neutralized,

The efficacy of carbons for removal of anmonia the data points 1n each case fell more or less on
under dynamfc (flow) coodltions ¡¡as studied 1n a straight línes passfng through the orlgln. From
Pyrex glaes column of 2 1n diameter. The carbon bed the plots, rat ios of NaHC0^, NH,oH and Na^co^
(helght' 4 in) was held between two glass wool plugs neutrallzed relatlve to t¡"dú wele found tá ¡É O.¡0,
(height, 2 ln). During the runs, the level of "*ónia 0.51 and 0.63, reepectlvely. These results show
Ln the coh¡mn was always kept constant (about 2 1n that for a given carbon, irrespective of the organic
above the upper glass wool plug). Amonla was passed precursor, amount and nature oi lnorganic inpuritles
through the bed at a constant fl-orú rate. The con- present, the activation process, the degree of acti-
centratfon of anmonia in the effluent was followed as vatlon and subsequent oxidatlve treatment, the con_
a function of t lne untlr  the outret concentrat ion centratfon of acld groups of dif ferent strengths
equalled the inlet concentration. The rspentr carbon relative to the total surface aci.dity is nore or less
nas regenerated with 0.1N HC1 followed by washing with constant.
water until free fron chlorlde ions.

Slnce the amount of Na.CO" neutralfzed by a
Results and Discusslon carbon has been suggested té U3 a measure of the

The as_received carbons did not adsorb notlce_ 
concentration of carboxyl and lactone groups (1),

able amounts of anmonia. Ilowever, f.U.;l;s--;;il;- 
the amount of c0, evolved on outgassing a carbon at

tion all the carbons adsorb srgnriióáni-;;i";;;; elevated tempera[ures should be theoretically equiv-
Til-pported by the office of llater Research and Technolorr..a"oa 

to the Narco, neutralÍzation capacity.
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However,  ín th is study amounts of  C0, evolved were
invar iably greater  than the NarCO, vá1ues.

Carbons A and C oxid ized \^r l th l IN02 were used in
dynamic studies.  Breakthrough t lmes aid bed
capac i t i es  f o r  d i f f e ren t  f l ow  ra tes  a re  l i s t ed  i n
TabLe 2.  Breakthrough t imes increase wi th de-
c reas ing  f l ow  ra tes ,  as  expec ted .  Capac i t i es  a re
lndependent of  f low rate af ter  the f i rs t  cycle,
indlcat ing the presence of  minimal  external  rnass
transport  resistance to adsorpt ion.  Regenerat ion of
the carbon beds between successive runs rdas con-
ducted by t reatment wi th HC1. Fol lowing the f i rs t
ammonia adsorption run, about 951l of. the anmronia
adsorbed could be rdesorbedt wi th HCl.  fn subse-

quent runs,  essent ia l ly  a l l  adsorbed ammonia could
be desorbed. The i r revers ib ly adsorbed ammonia has
been suggested to be due to the presence of  some, as
ye t  un iden t i f i ed ,  su r f ace  f unc t i ona l  g roup  (2 ) .

I n  conc lus i on ,  t he  resu l t s  o f  t he  p resen t  s t udy
sugges t  t ha t  ox i d i zed  ca rbons ,  p re fe rab l y  t hose
ox íd i zed  w i t h  HNO? ,  shou ld  be  s t r ong  con tende rs  f o r
anunonia removal f Íom waste r^Taters,
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Table 1 - BASE NEUTMLIZATI0N CAPACITIES AND pH VALUES OF CARBONS

Base  neu t ra l i za t i on  capac i t y ,  m -equ i v /g
NaHC0, NH4OH NarCO,

Oxldiz ing
Agent

HNO 
3

Carbon É
L  4 . 4 0
B  4 . 4 0
c  4 . 0 2
D  4 . 3 5
E  4 . 3 5

2 . 3 0  3 . 6 0
2 . l o  3 . 2 0
3 . 5 5  5  . 5 5
2 . 2 0  3 . 6 0
2 . 2 5  3 . 6 5

1 . 7 0  2 . 6 5
1 . 7 0  2 . 6 5
3 . 2 5  4 . 9 5
1 .  9 5  3 . 0 0
L . 7 5  2 . 6 5

1 . 0 5  1 . 6 0
1 . 0 5  1 . 6 5
1 . 4 0  2 . 2 0
0 . 8 0  L . 2 5
1 . 0 5  1 . 6 5

0 . 6 5  1 . 0 5
0 .  7 0  1 . 1 5
0 . 8 5  1 . 4 0
0 . 6 0  r . 0 0
0 , 7 5  L . 2 0

0 . 4 5  0 . 7 0
o . 4 5  0 . 6 5
0 .  8 5  L . 2 5
0 . 4 5  0 . 6 5
0 .  7 5  1 .  1 0

A  5 . 6 0
B  5 . 2 7

Moist  a i r  C 5.14
D  5 . 2 8
E  5 . 6 5

A

B
(NH¿)  

25208 C
D
E

A

B
H ^ O ^  C

z z
D
E

Dry air

Sarnple

4 . 9 5
4 . 9 5
4 . L 4
4 . 9 2
4 . 8 2

5 . 2 5
5 .  3 0
¿ + - z ó

5 . 2 2
5 . 1 1

L . 4 0
L . 2 5
2 . L 5
1 . 3 0
1 .  3 5

0 .  9 5
0 . 9 0
1 . 7 0
1 . 6 5
0 .  9 5

0 .  6 0
0 .  6 5
0 .  80
0 .  45
0 .  60

0 .  40
0 . 4 0
0 .  55
0 .  40
0 . 4 5

0 . 2 0
0 . 2 0
0 .  35
0 . 2 0
0 . 3 2

1 . 8 0
1 . 6 0
2 . 8 0
L . 7 0
1 . 8 0

1 . 4 0
1 . 4 0
z .  o u
1 . 6 0
1 . 4 0

0 .  90
0 . 9 0
7 . 2 0
0 .  7 0
0 . 9 0

0 . 6 5
0 . 6 5
0 .  85
0 . 6 5
0 . 8 5

0 .  4 0
0 . 4 0
0 .  7 0
0 .  40
0 .  6 0

Table 2 - BREAKTHROUGH TIMES AND BED CAPACITIES

A  5 . 8 1
B  5 . 3 1
c  5 . 1 5
D  5 . 3 0
E  5 . 6 5

Flow rate
(crn3 /rnin)

95
95

125
165
200
280

90
90

130
165
200
260

Breakthrough
time (min)

30
3 0
2 2
rt)
A J

10

Bed capaci ty
(m-equiv/g)

2 . 6 3
2 . 4 8
2 . 4 6
2 . 4 6
2 . 4 4
a . 4 z

1 . 6 8
1 .  5 B

1 . 5 6
1 . 5 6
r . 5 2

20
20
L4
11
9
7
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