J. of Korean Ind. & Eng. Chemistry,
Vol.7, No.1, February 1996, 118-128

4z Ammonium 7|8 JHE Ml22 $£8A Chitosan ST A9

2

SRR R BT R L

2
fok

0

BINLL Tk T, RTHRIe AT 224 AR
(1995 99 159 A4, 1996\ 14 18Y A=)

Synthesis of Water Soluble Chitosan Derivatives with
Quaternary Ammonium Salt and Their Flocculating Behavior

Chun-Ho Kim, Byung-Ok Jung*, Kyu-Suk Choi, and Jae-Jin Kim*

Dept. of Industrial Chemistry, Hanyang University, Seoul 133-791, Korea
*Div. of Polymer Science and Engineering, KIST, Seoul, 130-650, Korea
(Received September 15, 1995, Acepted January 18, 1996)

Q 2! ool Hd mExl M|l chitosans] 424 FEAE Az3t7] Y chitosanel] WA Schiff’s base
T 4712, olF ohA] F4A17)= B o2 chitosane] N-methyl, N-butyl, N,N-dibutyl7| & 22+ £9)A]7] %, NMP

%’O!IH methyl iodide§ ©]§-3te] 43} ammonium 7|7} =99 chitosan §EAE FAFAL. o 8RS o] Aol N-
alkyl f+=4 ¥ olz} O-alkyl =g AP L& Balsigin}. A28 2 4 2 ammonium 7|7} £ % chitosan -.T-EJ«H«] <
U5 A2 i) ANTH AT E o2 SUUYE 9@ A3k, chitosan o4 D2 A BE pH el

A dAsA ot £zl COD AALEL ¥gon, alkyl 79 EBagrt 20184E SAye ZolEgn 2 %-oi]x-]g_
N-butyl dimethyl chitosan ammonium iodide7} 7}%+ 439k, 22iut N-dibutyl methyl chitosan ammonium 1odide=

23]¥ chitosan zA B} 7Hadts Ase Jehygloh

Abstract: N-methyl, N-butyl and N,N-dibuty! chitosan derivatives were prepared by Schiff’s base formation and
hydrogenation in aqueous media. Furthermore quaternization of the chitosan derivatives was performed in N-methyl-2-
pyrrolidone using methy! iodide to obtain water soluble cationic polyelectrolytes. It was confirmed that O-alkylation was
occured as well as selective N-alkylation in these reactions. Chitosan and chitosan derivatives with quaternary ammonium io-
dide showed high flocculation power as the cationic flocculant. When tested on paper mill waste water, they showed high
flocculation power, independing of pH range. The flocculation power was increased as the N-alkyl chain length was in-
creased. Among them, N-butyl dimethyl chitosan ammonium iodide showed better flocculation power than chitosan. But, N,
N-dibutyl-N-methyl chitosan ammonium iodide showed less flocculation powre than chitosan itself.
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A4 HA2A Y vigbalg 270 FE4W &
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g 7HA) FgEAL AT AAE
‘3l£°1 fé%"%‘ﬂ ﬂli 1% Wﬁ“—, et
5ol Atk 2

e}, $Aa} ‘:}“E'_%Z} %wq SECRE
7 ki FolA)7] W 2chA o] AHEHR)

k3 gleh. Chitosan®] #xjeo] ZolAdstze] A
Tol wehba AT zpol glovt, dif 50~70
ot Agoly whg A wE} 1 Bzl Ao
o= A 75dy, =3 ey wWAo] §eldly
o-Foil (6) olell Hg AEs} Fesicty Azt
£ A7 A A= o] chitosan Wl A f-2lotrl]
o] gerel| @2 $AHEH(7)9} chitosanel =44
2% 1§ ¢l dimethyl aminoethyl methacrylate(DMAEMA)
(8)2} go]2A 44 nldutskaal 2-acrylamido-

CH,0H CH,0H CH,0H CHOH

OH _RCHO _ Kon NaBH,on G KOH
NaOH
a o "
NHa HN=CHR HNCHZR R-N=CHg !
R
Chitosan Schiff's base N-alkyichil Q ium salt
b ¢ d
R=H, CH2CH2CH3 R'=CH3
dqd
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Scheme 1. Schematic structure of N-alkylchitosan

and its Derivatives.

2-methylpropane sulfonic acid(AMPS)E 22}z E
F3(9)8to] o|Fo] BF chitosan 2o} ot &3]
37} e B3 v Qloh

wetA, & dFede HILEA chitosano]
goled T¥A AHAL Hof U ALEAS 3
A7NE, A BN, $5 25l dot, oF
chitin, chitosang ¥} W9 Axg $47430= o
& Aol wg ALy mEel, H2E F84
chitosan §EAE AZste} 0|59 TAL ZA
Bt} &, WA chitosand frelotEl7|E Lddl3l=
£ o]&38lo Schiff’s base® FA X712, °ol& o
392 7]= o2 N-alkyl chitosang A =gh
ol2 tiA] #9)e alkyl halided o]4-3}e 84
chitosan®] 4%}3} §-E A& A= (Scheme 1) 34t}
=g, ol SHENE ZAH] Sdal ol T
Ba SAAZA HAF d@gq AAFTAASE date
2 Agstel, 2443 FagaAol Hohdn 23
99 7 Be wdnEA 2ANAZAY 5 e
A shir,
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2.1 A2 2 W2

Chitosan& Tokyo Kaseirl #A|E& A}-&3}glom,
chitosanoll Schiff’s baseE 3Asl=d] A}&% for-
maldehyde(§3 35% )9} n-butylaldehyde Koku-
san ChemicalAl AF& 27 H45F3t AHE-3hal
t}. NaBH,= Wako Pure Chem.A}9] AJ¢F 13F& A}
43t9 3w, CHil, Nal, alkyl halide $& Janssen
Chemical®] A|¢F 138 12 21433t} N-Methyl
—2—pyrrolidone(NMP)% AldrichA}9] 17 AJeke 7+
ot=23 % Molecular Sieve(4A )l 2ol B3l
"]’“&3}»@-, 29 Alebe EFAGE T2 AHes
o] §7140ke 2SR AHesech
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2.2. &}t STH S HME
2.2.1. 8M3}5l chitosang| ®|=

ol AEslE sl 76%<l chitosan?] ZolA|H3}E
Fol7]Hd, Mimae] Wy (10)o2 33 uh¥ xzs}
Aok o]ZA A=F chitosang WA acetic acidol]

Zol1 G4 glass filter2 B4%2 AAZ £ iy
NaOHE 713t AAAAZT 4&d 24¢ 3§
T2 ofdo] FAo] uj7tz] 23 AT g o

B, EZE To 2 AT & 60CAM YAz
o T2 ZoAE3l A7) chitosang A3 A
olF FUEAZ sygr).

2.2.2. NN,N-Trimethyl chitosan lodide ®|=

Chitosan 7g& 1% acetic acid %82} 700mloj]
%] 1% chitosan 44& AZ(ols} 1% w/v
chitosan £)3t1 ALo)A 522ml2] formalde-
hydeE 7}ste] 308 ¥, NaOH & A0 2 pHE 4.
52 zAstgrt. o] Lo 17.5mle) 10% NaBH,
TEAE A F AAHE Hrpstz, 147 A
¥ NaOH 89 Follq A4& H4EA g 257
T2 odo] FAo] du7tx 2R AHY uhg,
ethanol3} diethyl ether® 247} Soxhlet )25}
ujuk3- aldehyde®t NaBH,Z A A§ t}2 60°CelA
137 238}o] N-methyl chitosang Az (11)3}3ct.

A28 N-methyl chitosan 1g& NMPsel| 50mld]|
122174 34417 o2 4.2ml9) 1.4M NaOHE 713}
a 36CE 22§ AR H4vlFshd 6.4g9
methyl iodideE 7}3l3 Nalz} 0.2Mo} HxE 17}
gled 647k uFS-A)7) £ acetoneo & HEA|7 the,
oJHo] FAo] Du7ta] acetoneo T FH-3| A st
I 40°CellA AF7A=3Fe] N,N,N-trimethyl chito-
san lodide§ |23} 93],

2.2.3. N-Butyl-N,N-dimethyl chitosan lodide H|=

1% w/v Chitosan &} (chitosano & 8g)& A=
3to Aoll4 6.8ml9 n-butyraldehydeE 7}s}3
302 ¥, NaOH $49¢& o|&3lo] pHE 45717
25712, o 4do) 20ml9} 10% NaBH, 44
T 1AZEQE AR Arlete 1417 F, NaOHZ
pHE 10022 ZHse AL HEXA g, =
FTE odo] FAol Lurta 23 AHszm
ethanol} diethyl ether 447} Soxhlet ]2t
| aldehyde} NaBH, & A A% th& 40°ColA

st A7A A1 &, 1996

LT

#5741 - 2

g7 x5k} N-butyl chitosang A Z35} gt}

A ZF N-butyl chitosan 1.5g& AF-&el4] 184]7}
& NMP 100mlel #4F A7 o, 4.28ml9 1.
4M NaOH¥E 7}8l3, 1.87ml¢] CH,I¢} 3.18g9} Nal
€ A7kskdch. AAARbel A3} ¥ acetones]) A
AA sl a 40TAA AFo2 AZ5te] N-butyl
-N,N-dimethyl chitosan lodide S #}Z3}4ic}.

2.2. 4. N,N-Dibutyl-N-methyl chitosan lodide =

o2l AzF 80mle) 35% n-butyraldehyde 44
AQs] ksl o7)e] 1% w/v chitosan
(chitosane 2 8g)& 7}stx 1247} &, NaOH
HE of&3to] pHE 4.002 A7) Al

A&
£
T4
|4 o] gl 20mle] 10% NaBH, &8¢ 84]
ZHeet AA3 Arlsigoh. $As Asbste 147
%, NaOHZ pHE ¢F 9.00.2 z4slo] AL Az
AR T, ERTE Jdo] FAo| u7tA S5
A Hst 2 ethanols} diethyl ether® 5Y7F 233
Soxhlet #2]3}e] w]uk-2 aldehydee} NaBH,& A4
& oy 40CelA AZA=ZsY  NN-dibutyl
chitosang  AZ=% &, N-butyl-N,N-dimethyl
chitosan lodide} z2 dh§o 2 N,N-dibutyl-N-
methy] chitosan lodide& A 23} gt}

2.3.717] 4 24y
2.3.1. 84

139 gl HgHdPFE A (FT-IR, Nicolet
Model 5-DX)& o]43l KBr yo 2 gA® zi
AE& galdlg, 13C-NMR spectrometer(Varian
Unity 300, 600MHz)E o]&# A3 A22 D20
ol %o 459 en, DEPT §& 238(19)0] wgt
o AR B Ags X-A FARA)
(Rigaku Denky Model RAD-C)= &xz7 50kV,
180mAd| A Ni ¥, CuKeZ A}48te] 982 Ahe
& chitosans} 4313} FEAEZS] AdjHel AAA
HEE vTdech. =8 TGA(Du Pont Model
951)E ol &3t Ngtol A 10C/ming &2 42
dto] 4% AEEY 9A dHAE Aot =
& 4x3l(12)= Silver nitrate titration (Silver
electrode/SCE electrode) & $-2sl= gocg AR
sto] T4, 2 AEEe Y2242 Elemental
Analysis(Foss Heraeus Analysentechnik GmbH)&
o]} F3lodct.
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2.3.2. SFYAIE(8, 9)
W7 15mm, Zo] 300mme] A7zl 0.5wt%
A% 249 AXNEZAS 300ml Az, ofel 44

s b
2 &, ARVE Ao AY 2087% AT
A5Ae YFsto ol 3zt CODE 474 5
Astodck.

2.3.3. T4 YUY

B3 UV FFEA7)(Perkin-Elmer Lamda
5)F ol4dted +HAY AFALE 550nmAA F
Rad ETE 10002 s 2Ha.

CODY &AL A8F A o2ste Fuiztatz
dAFEE 93 HAT FEuE A ok A
Szt o B HE A2 kg EAsE wy
2 3ttt COD9t COD AAEL t}gAjo®
A3} gict.

2 [o it o

COD(mg/1) = (b-a) xfxlg—oxo.z

aupEkAlg AAe] AuE 0.025 N-gpebzhakg
F4(ml)

b:E A AA 4n® 0025 N-Fp7rabz
F4(ml)

f:0.025 N-#47b42§ 8 o7} (factor)

v A8 ok(ml)

COD AA&(%) =
349 COD-34 A+< COD
7 4¢ COD

x 100

3. Znt & &
3.1.1. gAM3lE chitosang H=

Mima®] ¥4 (10)2.2 33 uhE Helste Azd
chitosan®] ZolA Y3tz e} o] 5] A HFFAFL
Table 1o} Veligleh. o714 £ £ g15o] Zol4
g3le = 23R (96.3%) PYaEAR(99.1%)
E olg3t Fetglen o2 YepAHIEst o
96% olAle ¢ 4 AT, ZolAEEE chitosan
o EAtEE 5437 98 Ubbelohde HEAE o
43le] £oi2 4 0.1M Acetic acid/0.2M NaClE o]
43t} Roberts®(13)o] &3t AT 23 F=H
T B A7 AsEdes € 7 ok

Table 1. Properties of Activated Chitosan

Deacetylation Degree
Elemental| Titration [[7]? (cm¥/g)| Mv?
Sample Analysis | Method”
Chitosan-76| 0.77% 0.76 1082 1,630,000
Chitosan-96  0.99% 0.96 510 725,000

1) Titration with 0.1M NaOH, on solution of polymer
(0.5g) in 0.3M HCI

2) Solvent 0.IM Acetic acid/0.2M NaCl; Temp. 25°C
(ref. 13)

3) According to the relation [7]=1.81 - 107% - Mv"®

4) From(CsH,NOy), #(CHisNO3)o 2 - 0.70 H.0

5) From(canNOJov99(C5H|3N05)u01 - 0.57 H.0

Table 2. Solubility Test for N-Alkylchitosan in
Various Solvents

Solvent N-butylchitosan N,N-dibutylchitosan
Acetic Acid © (@)
Boric acid © X
Formic Acid © @)
Hydrochloric Acid (@) @)
Nitric Acid @) @
Phosphoric Acid (@) (@)
Sulphoric Acid (@) ©
n-Butyl Alcohol (@) (@)
DMS0-2% TCA @) ©
Citic Acid © (@)
Oxalic Acid @) @)
DMAc © O
DMAc-5% LiCl O O
2-Butanol O O
DMF X X
NMP X X

© :soluble Q :slightly soluble X : insoluble
3.1.2. AxtEt A 2 HE
Table 20l A|=3% 7+ N-alkyl f=x 2] &34
vebd Az 0.3N9 344 &uf oz o
Fr14velE SaEE A4S S 4 F 9
. £3] chitin®] &3] 5% LiClI-DMAcd] chitosan
S35 @ovt(14), N-alkyl f=A+& 437}
2E A% 4 ddoh ol fEetule] bulkgt
alkyl7|7} ==z 24 Jehde @402 A7
). =¥ N-alkyl 535 4234|7024 B FE &
o = dAe Fd¥ 5 A

Fig. 13 Fig. 2= A =% N-monobutyl chitosan

flo S e oo
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Fig. 1. The degree of quaternization of N-butyl-N,

@

N-dimethy! chitosan salt under various tem-

perature and time,.
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Fig. 2. The degree of quaternization of N,N-dibutyl
-N-methyl chitosan salt under various tem-
perature and time,

7 N,N-dibutyl chitosan®] ¥H8-£x9} 27t uha}
4313} uF-EA S silver nitrate WA o2 F§ Az
A 2E7E ASEEE, A7ke] Aol wal FA3
7kt 12407 o] 3= E Wals) glo] A o

THEE, ATA ALE, 1996

Table 3. Elemental Analysis of chitosan derivatives

Samples C(%) H(%) N(%) D.S.
N,N)N-Trimethy! chitosan 26.71 6.98 4.72 (0.63"
N-butyl chitosan 4800 815 690 0.71?
N,N-dibutyl chitosan 44.67 7.68 7.50 0.41?

1) The degree of quaternization : (CsH;sNOs) 25
[(CeHs0,) (C:HN*1)g 6 CsHioNo)o 710 77 + 1.47 H,0
2) The degree of N-alkylation(The ratio of N/C)

I L R

T — 3 T v 1= v
4000 3500 3000 2500 2600 1500 1000
Wavenu~bers {ca-1)

Fig. 3. IR spectra of (a) chitosan, (b) N,;N,N-trimethyl
chitosan salt.

AAY o Zaste A%E dehdgdoh. NN-
dibutyl chitosan2] 73-¢- N-monobutyl chitosane] s}
A vz B 485 g 32 e £ 4 9
ot ol ke butylz]dl g dRAQl Aol
MEIL S LAl

SAAG AH2-9 423} chitosan §E A= N,N-
dibutyl chitosan®] 74 45Co|4 N-monobutyl
chitosan®] 7 35CelA 2zt 1247 9-¢41A
AL, chitosan 2 4313 FEAS Y4A
2]E Table 13} Table 3¢ Z+z+ el ojc}.

Fig. 32 chitosan ¥ trimethyl ammonium iodide
9 IR 243802 ammonium7|7} E¥d] ale}
A 2900cm ™'l 4 methyl7]e] 71Qtsh= &4 peakr}
Z71skedz, 1630, 1470cm~'oll4] z+zt N-H defor-
mation vibrationd] & &4} ammonium <3¢
methyl7]o] 7]Ql8le 4 peak’} FEHE oz
#hgo] A3 =924 alstgdct. =& N-monobutyl
FEA S IR 28 (Fig. )T $A Aske
Bgown, B3| 1450cm o4 £% butyl7)2] CH,
bendingel] 7]Qlsks F57b wkgo] AP wzt
B ARE BAT + ek
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v T T T T
430 3560 3000 2500 2000 1500 1000
Wavenuabers {ca-1)

Fig. 4. IR spectra of (a) chitosan, (b) N-butyl chitosan
and (c) N-butyl-N,N-dimethy] chitosan salt.

3.1.3. 4xi3} R 9 “C NMR

Fig. 5= A% chitosan FZ A& “C NMR
s#Hezgo 2 vk 23] HA trimethyl ammoni-
um iodide®] 7% 50ppm LAl 4%3+€ methyl
719] chemical shift7} A FSEHYA| A=Al
N-alkyld} % o}uy2} pyranose ring®] 63} 3# 5=
71T kol FoJ Ao B F531¢tH(Scheme
1 #%). =3, N-monobutyl, dibutyl chitosan®} 4
23§54 (Fig. 6)ol 4= 51ppmell42] chemical

123

shiftg 42}3% ammonium salt o] £9]9%= meth-
yl7]ol 71¢lgtk chemical shift® A7Z+d}% 3, 52ppm
9} chemical shift= chitosan z}A]2] 29 kil 7]
A ez FH3%ch. w24 6lppm TA 9
chemical shift7} N-monobutyl 2 dibutylel] 42} A
HA methyl7}(N-Ca : Scheme 1 #X)e| 7]algh
AL galslr] ¢ls), DEPTH(135°) (19)o2 N-
dibutyl f=4E £43 AFAE Fig. 7o Jepigl
t}. "C NMR 2#HEHA & 4 glKe] 61, 68,
72ppmo 4 zZ+2+ N-CH,, °0-CH, =222 chitosan
9] 6¥ ElAol] 7]91§ chemical shiftEelg &ld
4 9Jeith. 3] 42ppm o|s}2] chemical shiftE
chitosan®] -8 of9le] T91% butyl”?]9] gid] 7]
A Ae 2 Saito 59 FAU5)Fx LdXgh=
Fe Bolch ol AAEA 45 whge] AP
A2S #9393, methyl iodided] 2J&F 4213} uk
Sl A} Aol N-alkylsl # o}yz2} trimethyl am-
monium % N-monobutyl Z2]3 dibutyl chitosan
9] 4313} 8h-2o) A pyranose ring?) 6z} 3W Ak
7]l & methylene?])7} ¥k-g-of] @3l Ho 2 &al
stgict.

3] 40ppm 23] 9] chemical shift= S. Nishimura

.‘_|§.
59 +#(16)7 ¥|Zs £, pyranose ring? &

-J

I
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Fig. 5. "*C-NMR spectrum of N,N,N-trimethyl chitosan salt.
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Monobutyl dimethyl Chitosan

n

L] l
JLI LS .1 I

P 'f{»\\(} b ‘A\‘M ,\f“f Wik o W 1‘,

Dibutyl monomethyl Chitosan

\A M p’ f ‘V‘\“\Migﬂ\ﬁ’ﬁ? I

H
30 20

i ﬁ'&“ i *MMMM \WJ N hm iy W A Ju’ b
40

Fig. 6. "C-NMR spectra of (a) N-butyl-N,N-dimethyl chitosan salt, and (b) N,N-dibutyl-N-methy] chitosan

salt.
(=]
[0} <
£ 3 N N 3
Q. < [ el o -
o, — TT o~ @

ppm 110 100 90 80 70 60 50 40 30 20

Fig. 7. *C-NMR anti-phase spectrum of N,N-dibutyl-N-methyl chitosan salt.

T48s, A 74 A 13, 1996
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(a)

/\_//\\ (b)
]

(c)

Intensity

(d)

(e)
]

5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
Scattering angle, 20

Fig. 8. X-ray diffraction pattens for (a) chitosan,
(b) N-butyl chitosan, (c¢) N,N-dibutyl chitosan,
(d) N-butyl-N,N-dimethy] chitosan salt and
(e) N,N-dibutyl -N-methyl chitosan salt.

Aol s Y70 FUAFNM O-alkylatione] 2}
A7 AoB 2Asldc). o2 X oA} 7+ uke-
Ao A= chitosan A} A=} A 228
At

4 B

3.2. 4x18t RTH S X-ray B4

248 A7) chitosane] 4] (001)3 (100)H-& vhet
W 26=20"329 EA¥ase (101) (002) A&
Jehdle 20=10°429 SA4793E Jehido
(Fig. 8). 2} alkyl7]7} =il og} 26=10°
B0 EANugy} F3 4330} Ho2 A AAA o]
2A &g oot 2 AAAHY Fas
chitosan el 78 $+4Z2¢E 3t e otrl7]
7h A3t o 4 A3} Jo2A 4 AFHo| o4FE
7] Eo2 Ayztxlc}, =& N-butyl chitosand] 7
o QoA 20=8 HIoA MEE AHAY F
717} Bol=d o] N-alkylatione] 9% o2
Muzzarelli 5(17)3 dX&= A% Jehydd.
It 4xkst R AdA Y AP A ARk

[ JiK+]
¢ £ F ok

3.3. @843
Fig. 94 chitosans} 2 $E=#59 TGA AFS

2087 2707
100 08°C 0C
/\; 80
< @\ b\ \@
& 60
W
z

401

201

0+ .

100 200 300 400 500

Temperature(C)

Fig. 9. TGA thermogram of (a) chitosan, (b) N,N-
dibutyl chitosan, and (¢) N,N-dibutyl -N-
methyl chitosan salt.

Vel otk 2438 chitosane 7] Es&%7}
270°C Qld) el dibutyl =) A$ 4x57} 2
o 2 £5E 208CE A AdHe o
shgith. whgo] AW weby 27 FHLzst A
A ol A& ozgt AFS TEA WA AT =
B3 AbeAloldl HAE 4z} AFEHEE2Y £
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Fig. 10. Rate of transmittance of paper mill waste
water at various pH (flocculant cone. :
10ppm) by chitosan (— o —), trimethyl

(—0—), butyl dimethyl(—A—), and
dibutyl methyl chitosan derivatives ( — <V —).
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Fig. 11. Rate of transmittance in various concentra-

tion of paper mill waste water at pH 6.5 by
trimethyl (—o0—),
butyl dimethyl (—A -), and dibutyl meth-
yl chitosan derivatives (— < —).
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Fig. 12. Removal rate of COD at various pH of
paper mill waste water (flocculant conc. :
10ppm) by chitosan (—© —), trimethyl
(—0-), butyl dimethyl (—A-), and
dibutyl methyl chitosan derivatives (— v —).
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Fig. 13. Removal rate of COD in various concentra-
tion of paper mill waste water at pH 6.5 by
chitosan (— o —), trimethyl (— 0 —), butyl
dimethyl (—A—), and dibutyl methyl
chitosan derivatives (—V —).
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