.“

. _adsorphon -

- Lecture {0 Chemical Removal, - Adsorphon and Ion Ex cfhanérz
~ Definihons:

Adsorphon -  mass Hrausfer of ahem.c;is_lia_hquid phasc
L __ onto sold phase .

chemicals adheve 4o surface

of solid __ {dowiment _nux.hanlsm)

PR P — Gb_'&mphoﬁ - chewmcals penedate to scfld,
- _ formi uél_sohd_ioiu.hd 2]

sorphon - mcludes both
Adsorbent - adsorbing phase

. Adeorbate - chemical _bﬂ_-z;s__aé.mcbgd .

"““[-“'-‘;”fl?’:ﬁ'5’_-;"—-.1 s used f;’.‘”d.ﬂ-v‘-kmﬁ_fwakr__ﬁeﬂ@_ﬁ.f. e g o e e

_organtc contommpnants

s s took and edar - caystng chewcals -
e syathehe _wsanc.._;hc.M$_..._.__.. . .

o calor &rMinS organics . _ o
some. disnlchon by-product precursors. (ot not THMs)

Adsorbent of choce 15 aclivaled carbon

Made n Hwo-step process -

. Carbonacegus material  (wood, coal, coconot shells)

5. healed n oxygen - starved environment 4o
) fibeyate corbon  (carbonizechon)

2. Carbonized material _|\‘51___G-.2‘:‘P95_¢_d. to stkam or e
hot to cavse pores and fissvres o .
form (activahon) -

A Lreakes carbon fo which org,aw;c: chewms will sorb,
2. Increases curface area avalable fov sorption -




Source: NIOSH, 2003. Guidance for Filtration and Air-Cleaning Systems to Protect Building Environments from Airborne
Chemical, Biological, or Radiological Attacks. DHHS (NIOSH) Pub No. 2003-136. National Institute for Occupational Safety
and Health, Centers for Disease Control, Cincinnati, Ohio. April 2003. http://www.cdc.gov/niosh/docs/2003-136/2003-
136¢.html. Accessed February 21, 2006.



Large and small
organic molecules

Pores available to both Carbon matrix
small and large

molecular adsorption

Pores available only to small
molecule adsorption

Granular Activated
Carbon (GAC)

Figure by MIT OCW.

Adapted from Culp, G.L., and R.L. Culp. New Concepts in Water Purification. New
York, NY: Van Nostrand Reinhold Co. 1974




_chemistry of adsorbate,

pH and temp. _of wader  —
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“ad Ca 91 Ay - MWa 2 el
1+ Kad Cp - A_+ KadCa
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- langmuir adsorphon constant  (tfmg) B
p!ah 55"'4-}79.{314'&—11%6 g PR S
Cglope. ro M@ .
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Anothzey alievnahve E-FW;ml% E:ET ( E»E;n_a:;:_r;-: ‘I-.'-.mm;:l'l'—-
Teller)  nssumes  several molecular layers mvolved
Qi Bl C.A_ e

Qu c@k c:dﬁ*(m a.)@/cm

‘i - ;c;c_;-;'m,'.».';g;;g@'b_a‘g [ adsorbent cone

o P ga st saturahov
el qu:llar:um a.cIyEGUS_.conc

- e iy satuvachom Cp
B‘; 3 &q const for firot {ay.:r

€4 const fov subscquant layers

Al ’r&rna{w& most USec; p- actwaked carbon is o
creondlich isotherm (emprically. de\rtV&:ﬂJ -
.q.q = L':F. CA”
. Caw e Shown consisheat, with Langmuiy ﬁdsorgﬁcm ——
__;qL_{:.;l—&'roﬁeﬂews Sides WI.H"I distribuhon of I
Lﬂe;-v:.a:,a____-f' m’l%crpf{-mn



) Ir—:r_o«lh‘-zrm_& —-:;-r‘;z FOW‘A by d;’lﬂﬂ lab k'-b‘("&
Maéd; of carbon pu.}- (n boflle (M)
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bobshhide +o solve for ka .

Tegts, are ofien done by_cd;bon__m_amuﬁciu_tcr&_ R o
(e.5, Calgon carbon). . e s e ¥ AN MGG ¥ Mk




Ereun dh;’.-fh lc,ol—h.;r;.

o
Ga = Mg Cp

i ‘?M

S B
C‘A 19 : ﬁ

+1«eh-. _Kp T m_- onts of (%)

: r

S U
. T

Example: Assume  fn = 4(3;

(%)
(%)

\




) Ac{luakc{ .:o.rbcn coes 4W¢: maw Forms

_PAC - powdered acdivated carbon C“‘i‘“#"l) _
B which s suspended 1 wader [ wasteworey
e 4o _be treaked
R __PAC & then '%OHicci/-ﬁI"f'&vfd vt and
_ moy be recycled o ) R
GAC -~ grcmuk.z\r ochivoted carbon  (0.G+o 2-4_"‘"").
S .._ploc,ed m_pocked beds us-m[ly m ]

RS SUN e AN e i w

Carbon hos Axed Q_diea:phcm C@pacl-ty_r_so claeonieal
.__._we.wh;at[% "breaks tHar avgh_

. &« spentcar ban—@—r"qal-vra.hd wikh cl«ewrma.'.) —

. _ C.onJ-a.c,":' -j'lme 15 'l'__-l-o ﬁ.O mmuks n-;jﬂzuaj u&;
freatment plant )




GAC Tank

Figure by MIT OCW.

Source: Metcalf & Eddy Inc.
Wastewater Engineering: Treatment,
Disposal, Reuse. McGraw-Hill, New

York, 1979.
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o
>
L N ©
£ > A
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<+
o
~ /
Neva clog ©
screen
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Granular activated carbon tanks at MMR

1

Source: MMR, undated. Extraction, treatment and reinjection. Air Force Center for Environmental Excellence, Installation
Restoration Program, Massachusetts Military Reservation. http://www.mmr.org/community/guide/extraction.htm. Accessed
March 7, 2004.




GAC Breakthrough

=1

Effluent Solute Concentration

Vi Vx
Volume of Water Treated, V

Typical Breakthrough Curve for Activated Carbon

fgure p MIT &/

Source: Metcalf & Eddy Inc.
Wastewater Engineering: Treatment,
Disposal, Reuse. McGraw-Hill, New
York, 1979.
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R oomr yoyom o e
o Vafletﬁ to ahamg&, order of Honks -

S (A 9 sharkep.

e - S
- AF Tank A breakthvough, Tank A gqocs of f-lina Goc

gs&cb@n..@h_myew} .. Fresh Tank B operates alowe .. .

T :zj

 Thew _.opzm‘ﬁo-;n resuwaes (N reverse ordev , B e A

i
Cordinues unitr | bffak_*hrouah at B
Second +ank L's.uc,emhralle always "fresh' | acts as
. backop o ensure Fully 4reated water even whan
there (s premature bre’.stC-FhrouBh




-.-_f:!_pc’,n"r carbon con be sewt back to mancbactover

_____ __ fer ragx,mrmhbn -  heat Neatment 4o rewove
. adsorbed oY ganics o
RC%EDEY&M Carbon 1;5 r‘IO'J oS e,_(-ﬁ:c,-hve S Vlrﬁl‘;ﬁ o o
carbon - some awhca’noﬁs epea'& virgin carbon cm_!q,z._ R

Isotherm? ave custom developed fov +ype of carbon
and  waler /wastewaltery and vsed 4o predict
breakthraugh volume Vg for cerfam mass of 6AC Mgy

Carbon veage rote = Meac = CuR.. . __ "
Ne - o
_ CUR _ telle bhow much cavbon s heeded +o 4'_1*%4' __ __
. . certmun volume of waker
Tn prachie, effluent fom GAC 4ank s mendored
o also watch for brzak.+hrw<j.h.. — o



S Iommduamcgz_
Zumilav n. many woys. $o ads_or_p,hc_;n_ treat mend, bot
. chemical medhantsm e om ,mhamé;_fra-i'ka_r, thaw
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Ar.\ ton wcﬁmungtr ‘!6 a mqk\r'm,( o whllofz\ ccr-‘qll;\
_1ons are forbed 1n_ exchange Gor _1ems alveady
bound 4o exchauger

. . for wxompl: _wokr can be soffeved by an __ _
o _ J,Oﬁﬁei_&chgligcr,:'ki_a_'f;@dao,r*bs o
L . Co and Mg, vreleasing Na =
n _exdnomge,

L Zeolite 15 o niabural mineral -
that softens woaker by ton

o Recxd;on ,looks hk& . .

B _____)Lz_x_c_hq_ugg_r_ |
gold

Ex_clnanger 5 regcmmkc( USLL‘{j_Q‘('\"OV\g brine -

e by :
shrong brine
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. Covt Ex, + ZNa’ —m‘%rr—’ 2Ma -Ex + cal?

\  MgeEx, 4 2N T e 7 2HasEx r Mg?
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Mos| oxgkamgus ave viow e‘yn*{‘lnc B BSOS o e e e

Y . CHZ— CH — Ch— CH —
i il
R Ol e swapmss s
| suonc quovp  —S0,H is ton_exchauger
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B 5 p e By e B g ey 5P
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Des tsn

o Design procedure and treatwunt syskems ave
~ . __very similar 4o those for activated cavbon.

Bench- scale column Hsts are weed 4o o
develop curves of _be:._a[C_*‘_hf_U\%‘J (cowvs.d)
_Resin s gewmarally placed  w pressure bmnks
 similar to those v &AC
e _OuevPlow rakes v G- spm{&Y



Tron.__owd manganss ¢ rémeva |

Iren T. (fe®). owd Mo.usamst it (Mn“) exiat in NH.&!;: 1

r&éuc.u.:ﬂ LAV ivenmints ( ¢.9. wetlands and W
aquikr below wekands) - see Eh-pH diagrams pp. M-S

Fet' awd Ma®' ave solble and remamn in waler Gllawivg
aoﬂva#\m:a,l rreatpent  pol pfth.Fl"!'a\-'-( ob Hu pal}'rl" of
use, cavsing stons on plumbing fxtures and. n
!a.upadr)a ) : .
Also -:;u?Forn{' groqu of ron backria ( wron s[tm) W
well screens, disivribohon eyskms

Fe and Mn can be addresced n vartety of ways:

1. Ta-sibh kreadont —  inechon wells around

water 5u?pi~; wells +o prcclplla4z Fe awd
Ma o fle jrwml

Z. ‘%Lqucs-ﬁ'm‘l'“‘-;w - phﬁépkn-f-e_ c,b},cw.u&a.r[f, ﬂ:t\‘-‘j&é
0. wake 40 bwd w\»ﬁ:ﬁ and rgc.crvcs-l-e.r
Fe and Mn, pfcw.uh-.»\j latev  precip

3. ILon txchan evadient widh, Greensaud
lf_.-:a]laur.om!—e.?l - rnakral 1on uchaugﬂr s

Fe and Mn
Remaoval rmcln-:_;n:
Mn

L M- cga-kd 31auccn.| ‘e

Zgenevahon with potassium per manganate

.;'i "f;‘-f'lioa + KM”O* —F ?"' MHOZ



1.40 T T ' ' ' '
A
Fe(OH),*
1.00 - Fe3+ Water Oxidized ]
2+
0.50 - FeOH _
>
T Fe(OH
E: - ¢(OH)(s)
0.00
-0.50
Water Reduced
-1.00 I 1 l ! ! :
0 2 4 6 8 10 12 14

Forms of Iron in Water as Function of Redox Potential Versus pH Constructed with Total Iron Activity 10-’M
or 5.6 ug/L, 96 mg/L SO,42-, CO, Species at 1000 mg/L HCO5~, Temperature at 25°C, and Pressure of 1 atm.

Figure by MIT OCW.
Adapted from: MWH, J. C. Crittenden, R. R. Trussell, D. W. Hand, K. J. Howe, and G. Tchobanoglous.
Water Treatment: Principles and Design. 2nd ed. Hoboken, NJ: John Wiley & Sons, 2005, p. 1571.
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pH >

Forms of Manganese in Water as Function of Redox Potential Versus pH at a Water Temperature of
25°C.

Figure by MIT OCW.

Adapted from: MWH, J. C. Crittenden, R. R. Trussell, D. W. Hand, K. J. Howe, and G. Tchobanoglous.
Water Treatment: Principles and Design. 2nd ed. Hoboken, NJ: John Wiley & Sons, 2005, p. 1579.
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