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Polyallylamine hydrochloride® A3 3 & o] &3
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Removal of phosphorus from solution using bark with
polyallylamine hydrochloride
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B AT EAEA 47 AL FHbark)E BE8Y FRLEEZE AAY
o Alagd gig 71xd J ahFel 4%< loblolly pine(Pinus taeda
L) 39 <(POsP) EX54E L?E}ﬁﬁ}. Agd A4d Y dNYEEA
polyallylamine hydrochloride® X &lsle] £ 52 FHLEE P84t &
4 BEFREEE 89 pH 3~pH 8¥ A, 29 =10, 20, 30, 40 mg/L)E
et gth pH 5914 714 &8 9 AA 58S vehdon, #8949 pHE 4% &
pH 302 Ziasdr. o8d #iE Fuo] <& phosphated] FFo] Lewis
acid-base ¥ o2 o] A H'e WER st vehd AU Aoz AR
H, F8 38 A EL 9§ 7% el gtk A FRLE 274 wE $x2 3
BElon] g 2008 olFo FY) mHSUL, ALl AEFH "6—:°k°] 57}3}
 A%e 23d A9 FEE542TE Langmuir 528F4F Fr
Hom Mg 4 god, F2FA4 Hedn, FFA g A -ﬁi‘%% 7.14
mg/gel® BE& EZA e vaste 8 vk dddqe 2
832}t pseudo second-order modeld HE3tel A E8 4 E TEUT B
EDXABA o2 334 £44% & £39 9o AEHAAE RE AT F AN
=3
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I E : polvallylamine hydrochloride, ¢l, 3, 5&F &4
Key words : polyallylamine hydrochioride, phosphate, bark, isotherms
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yhi e oluth el E 2003 19 1Y
244 299 WEHEVES FEET 2
, AFHen I AYdgn g FHHo=
Z8E e UHFSF FANES UEdn, 39935
LA el E 8 - HeERRE A4 -9 57
25 AAYE nxXE FHo] Fasioh
71& BNR(Biological Nutrient Removal)
7185 Fio] vls] AALE] AxG

#HA gen FdeHA FAY A4
AAE Z1Hs7) oEe 430 1€ o
A AA AN&de AFAgHY BALE
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93 Feie) FFA g EAAAE o443}
A, B4 AQdeze A -4y $Hg

d
w
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o] olgHI X, AUFY FFE
4590l 29% ez gEAxn
I, 3% ZA9 < 9~15 % HAEZA
Feo} nAEd o8 4 YEv AEFRLET)
Aoides Hm, glad FEA4F 2 HE] Bl
54 Aozl o]fo] oz B ollzy I
A7t AHEE ZAZ giFEHI g o¢ o
Aol R FHE o)Edd Hg Ho X3
Bl ¥2E #2AI0YE S Faw of
et Al BGgHE 4 =+

4 viete] 49y o}
9 77 AL wAAGEANE T Folol ¥
L3matk g ayvt A Foln, EHALR
(wood fiber)¥: A 7158 471424 EFE

MR Agsin g, 38, & 2
FF&& oj&d g FaAwo] 58 Ao ¢
Adch. 58 Fadz 9EF, Eydse
hydroxy %2 £ol238EHo] E&o
¥ alkoxyamine =
L592], AFHA BEAE
A AGdd LgEde] FR FEEA A=
ojFolA gtoy BALABA HA FREE
o7l galME udd 29239 Aggdd
g A3 8 FEH e A

B Ao e loblolly pine (Pinus taeda
Liezie &ug A4PHd FIE epi-
chlorohydrin(ECH)#  polyallylamine hydro-
chloride(PAA-HCHE HA sty &1 AAES
Foles T &, F£F9 A AAC ol&HIL
H, gy F2EALYE B3 FEdemy
B £ yEH Q) FFH 54S dolEn
Z+ g},

E
it ot

S X2 O e RO rfr ok o 0 of O mi

@ B ore

Moo
HE #e, :_a

e}
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4,392

Aol AT 3 & loblolly pine (Pinus tae-
da L)2% A 60-80 mesh (200-250 ym) =719
#3938 AAsgart. ARsiel zm et
20]8 871819 1-methyl-2-pyrrolidinone (NMP)
(1+9) 300 mLE FIAxdY 25 gA43E A%
EZo] AEEHTE FE2IAA ubgge] e
Aokt 44 ZA¥slr] dE e £ g@ouA st
Z7k8th. £33 10 g& Soxhlet FXo ¥Wx
Round bottom flaskol ©@3dtA dAE
ZZy ARE YA Aed wXTE $ 6A e
105 T LB AzAn FAE Zob 1%
84 FEge PAA-HCHZYH=1:10)2 ¥+
I %, 43 100 g9 25 g NaCl pelletg IJ718
% o4 Ity ¥HeE 53 100 g9 20 mL
ECH(epichlorohydrin)& 37}8le] -2l muk(4-20 A
1hET}h Traydl ol 72 v B¢ Axsly, I37Ax
APEE 2 A SFFE ¥ 4% ¢ ¥ 6
TAXN oA AzET e HEgd A4S
WzlAl7)7] 918l PAAH] (pdyallylamire hydrochiaride)
fdoz Hsger 43t USDA Foet Prodds
LeboatayVhdsonWhold  Fadick A¥e]  Al8d
PAA-HCI A28 #3(PAA HCO Treated Bark
PAH-TB)$} A2stA] 92 $3(Untreated Bark, UB)<]
 AAFEE vwslgoh 3 4E datad] FT7IF
kxle Table 13 #th

Table 1. Abbreviation of the bark sample and
PO solution

Data©l
28 F7)%
S
Untreated Bark UB
PAA HC] Treated Bark PAH-TB

Initial PO+P solution(=Contral Solution) CS

9 g9e KHPOE o484 POsP stock
solution® A Zs P, ANEF2 POsPY B¥EE
0mg/L7t HES FHFE FAsd AEEAT.

5 |

SeEAdYge FHEHoz AYHJPLy, o
fog FEd GE AAE, A §99 £ pHY
g3 HtgAzr wE ¢ AAHEE deolrsith
%7) pHY %W <9 FHAATE dolrr] 9
1000 mg/L?l stock solutiong #AZE F o] F
FFrE gMsd Zbzhe g9 FEJ 10
mg/L, 20 mg/L7} HEF A2 F 150 mLH
A3+ 0.0IN NaOH$} 00IN HCIZ pH 3, 4, 5, 6,
7, 882 %A%l Az A8EF 50 mL¥ 100 mL
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Polyallylamine hydrochloride® & %

Erlenmeyer flaskel ©3 3 0.1 gd& #A7stlrh
ZElm wreEAe 20T, 100 mmez2 FAAZ
HEujekrlol M 24 hr B9 F3EH u-g-
& ANEE 04 mm membrane flters(Millipore) 2
olzsted AlE U POP ¥ES pH ¥BE 435190
S E o]gg 2 FEA HFP E=HiEE FH
FE0, 20, 30, 40 me/L)E ¥HgAZHE dotry]
3 4g, F=RspA

olZ §18t9 POs,-P FE=7} 1000 mg/Lel stock
solutiong 10, 20, 30, 40 mg/LE Ztz A8 &
150 mL& #3sted 00IN HCle 2 pH 58 ZAHE &
Axg A8E 50mL¥ 100mL Erlenmeyer flaskel
@3 43 01 g¥S FAAskEch 2 Feo 20TY
ekl 100rpm, 2447F Myt ¥ ZpZhe]
flaskW] A& AF3= PO,P 3=5 BA4.
POsP BEE 045um membrane filters(Millipore) =
ANgE oist & Ascorbic acid method319 Ion
Chromatography(Dionex ICS-90)& ©)&-3}o] EA38}¢th

2.3 nj2| EDXA 4

FalFEEda ¢ F2F 4% dFe] sy wg
UG RE 2AYE7] ¢i8te] PAA-HC S9o2 X#
FIE oo BAslg. 84 FEAY A8E
38 AZXNZ F EDXA(Energy dispersive x-ray
analysis, JEOL JSM-H4I0)E AEES vlwslqioh

3. Z% ¥ 1

Fig. 1€ PAA-HCl 8902 Aaj® $9)(PAH-TB)S
AelekA] ke a3(UB)e] ¢ AAL-E warstk dzjojch
PAA-HOIZ A F9)(PAH- TB)‘—‘“ A2)sHA) 9%»—
FE(UB)N uisixy AiHes B2 AAEEB0~01%)E
Uehit PAH-TBe] A% %) 3‘5 2 g/l E 912
9%, 30 mg/LolME 506 %9 AAEES Helm, 2] 2
fde HgEErr MRS Zﬂﬂgﬂ ez
A2 AT Btk

Removal efficiency(%)

5 10 20
PO,-P Conc. (mg/L)

Fig. 1 Improvement of phosphate removal efficiency
by treatment

4¥%9 pHE £3F ZI Fig 29 2o

#9E 0|48 F4A4 A A7

FIE HrskAl @& F8 %(Control Solution,
CS)h Msl, 3 Hristd pHYt Figs
7—‘38?:—0—— E_?lr,}—

Control solution(CS)& Z7] 91 £94& Z47te
Fxo @A AFsledd 4R B FHE
A7bshA & Aol NHEAZ Ry SAxA
Aol W& pH¥stE velhdd. &, PAH-TB%
UB“ CSe AAH Aol wE pH HIAEE
Zetete] 1 Wl AEE 58 UBS PAH-TBC
94?“5& Feoleti & 4 gl

\l

pH
© MmN W A o

[ L Bt A B S S

5 0 15 M B N
PO, conc.(mg/)

Fig. 2 Change of pH for the UB(Untreated Bark)
and PAH-TB{PAA-HCI Treated Bark)

9l ge] Z7] pHgkel W& A AAEEL Fig
373 Zown PAH-TB(PAA-HCl Treated Bark)el
8 AAREES 27 9 HEd BAGe v
&g Ve aeln FojQ pHolA F=87
7<}°] ‘/}E}Lﬂ?‘]“ &t

Zola Q9] pH W] We Fa8 HEE
EE‘J DH 5914 12 HPO, 9 FEelg EAsta
ol& Fig. 39lA pH 5olA AA&e] AdFHoz
A JehgE Aol olgmgd o3 U9 AA

e BeFa o

—@— 10mgL

Removal efficiency of PO4-P(%)
cB5 88838838883
o

5 6 7 8
Initiol pH

w
IS

Fig. 3 Removal efficiencies at the different
initial pH.
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Table 2 Release of chloride ion and the reduction of
phosphate ion upon 24 hr adsorption reaction
for different initial phosphate concentrations

P Ci

Initial conc. Final conc. Initial conc. Final conc

(mg/L) (mg/L) (mg/L) (mg/L)
10 2.43 0.41 58.25
20 7.58 0.21 69.79

pHac(point of zero charge)™ surface charge’}
0°] == pH oln, PAH-TBY pHpe W pH
7.901M5], pHye @& 71E2E gl

pH < pHipe 992, quaternary YEFo|L

aFe &4 uwFo] PAH-TB ®wWo] positive
charge® =9, positive chargedlXE EXE
etFel  F&A BHIY  FHWIH dHo)

HPO/ ¢t HPOs 9 &0l€3 PAH-TB
F43] dole 7MeAdel dvH4l

pH > pHpe Y9N E negative charge®
= A @}, Negative charge® ~RNH; of| 4] ~RNH;
Fyd] F3te) Ax2 A=, phenolate 8-0]-20}

Atold]

¥ ¥ phenolic groups?] ol23le] o3& FAll
dojtti4].
283 PAH-TB FHolAe] w$o2 neg-

ative chargeZ WA +=H, 71 ol#+ OH Y

3 g3 -NH'9 7153 289 FHAE
ote g Aol dE 7

& A2 pHype & BW, Si0O2 25, SnO:z 4.5,
Kaolinite 4.6, ZrOy 6.7, goethite 6.7, La silica
gel 67 24, PAH-TBE © H& H99
pHelA <& AAE = g FHA=
3 71 2 o} [4].

Fig. 4¢ ¢ =4 SN Ze) g <
AAELEE JEld ZF2A FYo] =gsie
Alzkol =9 zZog yehyth 24X 7 HEgelF9
Z 2o dig tigHd +H(@F AARE A9

*g HEIHE™, 10 mg/Lyr 42(mg/g), 20
mg/LE 61(mg/g), 30 mg/L= 65(mg/e), 40
mg/LE  67(mg/g)2 YEYH,  BX7F 40

mg/LolddAe A9 AAZ ojF4AA &
Aoz digdr. od 4¥EAE JHHx A
AA 71Ze] Ay Ads 8 5 sivk

0, 2 8, 4 g H

Removal efficiency of PO 4- P(%)
B8 &8 8 3 3 8 8

10X ——-I0gm  ~B-2pm  —4-gm - 4pm
0 1 L 1 Il 1

0 X0 A0 a0 80 100 120 140
Readtion Time(min)

Fi

g. 4 Variation of removal efficiency with varying
reaction time.

Fig. 5% 43 PAA-HClo] ¥ & == Atd
gt g oln] PAA-HCIS PAA-HCIY epoxy
FEZ 3 NaOHe #x)] 89 ECH{epichlorohy-
drin)¢} ¥&-3hw whE RAEE A4E H09
NaCle YehilA] @ghoH4] azla ofele] ZigelA
718 7HAE ARIEL -NH, - HClols] ~-NH;'Cl' e}
Fejo} Aty ¥E& CI ®Ee PO 7T A A EH
NH.Hele] g8td Aol w24l

‘ NeCH
HoAHEE 4 cz"\'o -, /\f\/\a’\v’;
C!‘.'HZN) CHAN CGHHy SHIN
- o EPOXYPAAHC
SN, " ,GN{
Yy { CHHR ]
° +H W ‘—b i
cripgl CHE i CHHR
EPOXY-PAAHCI Bark polyphenel Bark-PAA-HCE

Note: The fimesions! group —NH-HC) s equivalent to —NH; €I

Fig. 5 Proposed reaction pathway for attachment of
polyallylamine hydrochloride(PAA-HCI) to
bark substrate[4].

Aol AdFTF Fhol2e AiFoel2Fe
o 2u el oF U9 AANFZE IyE o,
EDXA Z3d] oA ¥-§ H ¥ PAH-TBY
HAEHsE a0 e FTHLE AuE dart
Utk Table 2014 ¢k Zo] #IARE HA7tsHA
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Polyallylamine hydrochloride® 28 £33 & o]43 £ga49 ol A4

e 73%, 2447+ ¥k €
¥EE 0~1 mg/L ou"d wd FIANRE
27 Bgdl Vﬂ“ Cl %7t 58~70 mg/LES =
A2A E7ske Clgk P A = .
welA PAH-TBO <& <1 AAZFHL ClF
Pel olemYL HAY F# YA Fu=
WA Ee 3 xHe EDXA AHE Fig. 6%
Fom e Fo o] ¢lo] FAIHAYSE &
% Atk

10000
(a)
8000
& 6000
c
3
¢© 4000
2000
Fe Cu
0
o] 2 4 6 8 10
Energy(KeV)
10000
(b}
8000 Hf
£ 6000
e
]
© 4000
2000
Fe
o Ii  'c
0 2 4 6 8 10
Energy(KeV)

Fig. 6 EDXA spectra of the PAH-TB(PAA-HC! Treated
bark) before(a) and after(b) adsorption

Fig. 4] Yebd ule} go] Fa3go] 2hro) A
ol]ZolA = o7 JIASlE AY Data® Langmuir
isotherm™ Freundlich isothermo] #&3c}
Langmuir isotherm< F & 3o XAl
Y& (monolayer) 2.2 FFHAL FIAE A
e Az ago] gloke sHddA HEEHANeR,
ged e Agdos veld £ o

C, 1
PR W

714, ge = mg of adsorbate per g of adsorb-
ent at the equilibrium concen-

tration of adsorbate

Ce = the concentration of adsorbate in
solution (mg/L)

Q° = the maximum adsorption capacity
(mg adsorbate/g adsorbent)

b = the Langmuir constant related to
energy of adsorption
(L adsorbent/ mg adsorbate)

Freundlich isotherme
Segos w9sTA @ A o185 ﬁfngiﬁ
2(2)e} 2ol TEEY § Utk

log q, =log kp + %bg C, (2)
o714, kr = Freundlich constant

= Freundlich intensity constant

Langmuir isotherm

1.4 (
12 a)
1.0
8
& ]
o~ 0‘6
y=15653x + 0.6635
0.4 2
R“=0.975
0.2
0.0 il ) il
0.0 0.2 0.4 0.6
1/Ce
020 Freundlich isotherm
(b)
0.15
3
0.10 + &
D
o 005 |
o
3 0.00 ) : L ;
-0.05 ¢ 0// 1 1.5 2
010 y=0.2305x-0.1751
015 L @ R?=0.8407

Log Ce

Fig. 7 (aLangmuir, (b)Freundlich isotherm plots for the
adsorption of POs~P onto PAH-TB(PAA-HCI
Treated bark)

Fig. 7& 52%34¢ 34% Z29E HYFc
Ao 2 PAH-TBE ol43% %9 PO-PY Aeldle
Freundlich ¥the Langmuir isotherm@Z ZF ¢
F A4%E F den 7 FEEFEAA 3T #Ed

[CI™N= iaalia| =)
o} Table 39 AAsHTh

Ep&r
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Table 3 Isotherm constants for phosphate adsorption
of PAH-TB(PAA-HCI Treated Bark)

Langmuir isotherm Freundlich isotherm

b(L/mg) R® Kg n R?
434 084

Q%mg/g)
7.14 0.85 0.98 067

Table 45 9 AAZ $igtd A8 FHA9
A% YEh A0 2M, PAH-TBE 2 &3ad
vl Qmg/g) 714 AEER YRR &
vElyitl ol PAH-TBY < AlA Adgo] Huizes
oxgithe A ou@th T8 Freundlich 449l
Kegto] AW E2A5Ho] SV et ng ko] 1004
102012 vehg W) E3a)e) Akl g 2ol
FHeln, A¥ANE aFAQ Aox Hrikoh

Table 4 Phosphorus sorption capacity of diverse fil-
ter medial5]

Sorbent Type Q°(mg/g)
Kandiustalf Kedlinite, Fe axicks 0.39
Matapeake onte, Kedlirite, ) 17

Fe axides

Iron and aluminum .

. Fe, Al oxides 0.011~0.033
oxide coated sand
Ir d alumi

on anc aumitiim oo Al oxides  0.015~0.035
oxide coated olivine
Geothite Fe oxides 1.3°
C~70 ‘ a Al oxides Lo

Calculated on basis of results reported in the lit-
erature

PAH-TBel <3 F39-go] Tzl £4&
95t pseudo second-order modele B8t} EFF
F93t 45E ek o] £98 ndyL o)
6]

_ ¢
qt—(lﬂcqz+tﬁze> 3)

71, % g 27 Azt JY gl
@9 FEAe ¢ F F3FE 829 %2 Yy,
ke 3384449 £=249(g/mg-min)eld.
e AgHez g g 2o

H27d AZ, 2007.
R S B

a = t/(1L/k¢ + t/q,) (4)
h=kq ®)

4 BE 27 FAEERA, 4 @F 9 3

i
+
Y ®)

2] (4)94 BEE /g8 tE plottingdtd TE
glew ¢l ¥%4 plotting Z3+E Fig. 8% zZow
model ’%Te— Table 5] B¥sigdct #F
W-gAZh pH, 2%, £3849 ¥ 2l £49
=X BE B3 go] Fad dgg T+ €&

2 EAYE £ JAY F9E mde @x
b2 £% AAd AN FHEE 9 adEe
g aIT 9

Fig. 89 pseudo second-order model® %%
ARE yeldloen o mME 44 7S Table
50 Jetin, wAzrE uigez ¢ gE
FrEdle olgfgon dold F U WYY
©e FFAY & F FAE 849 ok uewEst
Z7} FE o BE FUEE 73%"% o,

o]

_L._,

PYFe M SEHFA kG2 sxo ddglol
Mad AR =HUn. =9 z‘éﬂéi £EQ) hgte
BHeEEst FEEE 270 FAHE 4% O
wades AL BYFEr)
450
w0 | [¢10mgly =026+ 80022 R
1% 1 20mg/L]y = 0.1604x + 9.1478
A3/ y = 01448x + 5125
230 y=01381x + 21069
£l =0.9958
a2
Eow
&
= 150 +
100
50 +
0 S

0 200 400 600 800 1000 1200 1400

Tirue (rein)

Fig. 8 Pseudo second-order mode! plots for the
adsorption of phosphate onto PAH-TB(PAA-HCI
Treated Bark)
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Table 5 Pseudo second-order model constants

Co Qe k h 2
(mg/L) (mg/g) (g/mg min) (mg/g min)

10 3.78 0.008 0.12 0.9846

20 6.23 0.003 0.11 0.9958

30 6.91 0.004 0.20 0.9957

40 7.24 0.009 0.47 0.9956
4. B2

2 A7E HEAZA 47 AL I (bark)

R 8
E g8t FELGERE AAY & dE o9
Nzeo g NE2ATEAN AT dF lo-
blolly pine(Pinus taeda L.) 32 A(POs~P) &
ZEA L AFsidnh

1) Langmuir isotherm &&243, EF&A g
A FF5L 7.14 mg/g, THE AGE] 918 &
As nwsle o ¥A Ygen gono F7}
H ATE B8 v AAZY BAFHAE ol&
& sz Hopol H{rteAdel FuE 4 Utk
EAQ A bE 085, FHA5Y Kegte 067, &
AR nFe 4340tk =g QUHYW FHF)L

2 7 doig #ud ®A JEuH, 8 &
AZ PAH-TB7} 9 EFARAM $Fcta 49
Ao},

2) g4 E AAo 2F J9FE 1T Pseudo

second-order model®] &A=, AR FE7F 20

mg/LolA A#Adol 74 A verdH, olue] q.
£ 6.23(mg/g)°l T}

3) el wkgshe ARl Uikt #4¢ 98l EDXA
238 slgen] $a¥Ed] ¢lo] FHFoIdE Ae E
& 4 g9k %8 ICGon chromatography)
ZARc)A B4 FANS Fol ANE o]
Cre]l <ol PO/7F AAHE %3
ste] Uelgth ol® Cl'sk PO o] ml ko]
1 AA HsAdE AAEAL.

o

£ 9
iy s 0 o
2

w

H 538 ole® £8Y ) FIEY Ao
Aol AE 271 9 &9 pHol we Il
W4 27 Zgae, AALLe) 271 pH 5 pH 7,
pH 8014 &&ol Fudos EA deirh o
pH.7} PAH-TBS 7 %o+ pH 799 3% 871

B2 Aoz g€ o#HFd d¥FdAe
Hgeddo e st oze A9 AAA
olgo] Jlyslw, PAH-TBE:E #7349 pH

HEA A7t HoiA ol go] a&Ael ik

el

e

L
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