01.06.2018

Podstawy Technologii Wody i $ciekéw. IS S1. Semestr 4. Rok akademicki 2017/18.

wwﬁ.e = Ill — o

Water Wyniki OC | Wynik Koag. | Wyniki Ads. | Wyniki Ozon.
[ ] zespolu nr zespolu nr zespolu nr zespolu nr
) . ) Paulina  Kosiorowska 1 3 2 1
Marcin  Mikos 2 2 3 1
Pior 3 1 2 1
Piotr 1 2 3 2
Piotr 2 1 3 2
Oliwia 3 3 1 2
Patrycia 1 1 2 3
Marcelina 2 3 1 3
Ewa Wdowczyk 3 2 1 3
Napowietrzanie Koagulacja + Adsorpcia Oronowanie Noemi  Fic 1 2 1 3
AgnieszkaLegowicz 2 2 1 3
Amna Szutko 3 1 2 2
Jakub Gembicki 1 2 2 3
gt ek k3 CorORy o5 k] g s
iz amia s Cras koataktu [sin]
J eptywn | g0y
w0 5
Dia atrzymanych danych okredlajacych, migdzy innymi, wymagane natlenienie, wymagang efektywnoéé koagulacji, adsor Pauting 10 2
nalety, w oparclu o il Kall la ryinej, dane dia L 3
instalacji pllotowe] o podanym przeplywie éciekdw: Marcs s 1
.
Dla napowietrzania: T T
P - 1
* Wymiary i objgtosé kemory napowietrzania zapewniajacq wymagany czas kantaktu = =
+ przephyw powietrza pioir 15 s
‘
Dla koagulacjiz o T
pior Sz i B 0 i
+ wymiary | objgtoéc komdr szybkiego | wolnego mieszania 0 w 3
« wydatki pomp dazujacych rortwary/zawiesiny wapna, koagulantu i flokulantu Ol Srosak 20 20 3
* wymiary i pajemnosci cagici sedymentacyinej (preeplyw i ymaganega czasu jil i modliwodc = 5 2 3
opadaniu klaczkéw osadu) oraz czesci osadowe; osadnika Purcs  Prspitds i s 15 '
10
Dla adsorpeji: 00 [T} i T
[P — 25 I :
+ czas trwania cyklu filtracji - 5 v T} .
+ wymiary kolumny adsorpeyjnej, wysokosé zloza i wymagana mase wegls aktywnego Ews Waowezyk 1 2 T & 05
I3
Dla ozonowania En 0 = T
o e 10 s & 1
* wymiary i objgtoéé komory ozanowania zapewniajgce wymagany czas kontaktu S
+ przephyw powietrza z ozonerm i T W 5
* wydatek generatora wymagany Apnmscka  Legowic: * + M 18
£ 1:13 ) Kl
Aama Srurk 1 i
w
i (ES} W 5
s Gembicki ,. as
i

o

ml:m‘iw fow iog) \
—

_SAND & PAC (Recycle)

Effluent solute concentration

D

Y% Vi

Volume of water treated, V'




Adsorption with
Granular Activated Carbon

(GAC)
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Most Important Design Factors in
Fixed-Bed Adsorption Systems

« Particle size

+ Diameter of column

+ Flow rate of incoming wastewater (or
residence time)

+ Height of adsorption bed
* Pressure drop
« Time required to achieve breakthrough

* (Time of exhaustion)
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Size of Activated Carbon Particles Used
in Fixed-Bed Adsorption

+ Typically carbon particle sizes between 0.4 and
2.5 mm are used in fixed bed adsorption
applications

e This size range results from a practical
compromise between limiting the pressure
drops on one hand and providing adequate
surface area and promote mass transfer for
pollutant adsorption on the other

e Larger sizes also minimize losses during
carbon handling and packed bed operation
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Adsorption Zone and Adsorption Wave

« In fixed bed adsorption, at any given time the
bed can be divided into three approximate
zones, i.e., the saturated zone
(containing  carbon  nearly e
saturated with the pollutants), dsorpton
followed by the adsorption zone
zone (were adsorption actually
takes place), followed by a —
zone in which the carbon contains little or no
adsorbed pollutant

« The size and location of the three zones within
the bed change with time

Total Column Adsorption Capacity

If the adsorption equilibrium curve is known then

by knowing the volume of the column and its void

fraction, one can calculate the total cumulative

volume of wastewater, V., that could be treated

if the column became completely saturated:

V.. =SL(1-¢)p, cgo = SL Py ‘ésf’
(]

where: S = column cross sectional area

L = height of packing

£=void fraction

gso = g(Co) = value of q in equilibrium with C,

ps and ps opp = real and apparent density of solid
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Simplified Method for the Estimation
of Fixed-Bed Adsorption Performance

From a mass balance for the pollutant at
breakpoint it is:

o)
M:qBB:;;’qsoB:OIE(CO—EE] =Qt,C,

where:

M = cumulative mass of pollutant adsorbed at
breakpoint

B =mass of carbon in bed = ps 5, S L, and:

Q. =K; C;n
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Characteristics of Commercial Adsorbers

3-9m(10-30ft)
Particle size 8 - 40 mesh

Height of packing

Hydraulic loading 1.4 -6.8 LIm? s (2 -10 gpm/ft2)
Residence time 10 - 60 min (typically 20 -30 min)
Typical carbon

requirements (in g carbon/m? wastewater)
- pretreatment 60 - 200
- tertiary treatment 25-50

Operating pressure < 20 KPa/m of bed

After Sundstrom and Klei, Wastewater Treatment, 1979, p. 270 and
Metcalf and Eddy, Wastewater Engineering, 1991, p. 753
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Mesh: w analizie sitowej ilos¢ oczek siatki na jeden cal. Uwzgledniajac ,znormalizowana” grubosé drutu okresla to
rozmiar oczek sita i wielkos¢ ziaren na sicie. 8 mesh — 2,36 mm; 40 mesh — 0,425 mm
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Simplified Method for the Estimation
of Fixed-Bed Adsorption Performance

Simplifying assumptions:

e the pollutant concentration in the effluent
wastewater from the column increases linearly
with time until it reaches the breakpoint value,
Cs

e at breakpoint the average concentration of
pollutant in the bed is only a fraction, ¢, of the
saturation value (typically 50%)

e the wastewater flow rate to the column is
constant and equal to Q
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Simplified Method for the Estimation
of Fixed-Bed Adsorption Performance

Hence, the time required to reach breakthrough
is:

B _ LK.C'B
%) ole-9)
Q{cﬂ >l Qc-5 |
The cumulative volume of wastewater, Vj, treated
at breakpoint is given by:

tp=

V, = Qt,
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