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Siriporn Kasemchotipat 2011: The Utilization of Chitosan from Shrimp Shell and
Commercial Chitosan to Remove Formaldehyde from Aqueous Solution. Master of Science
(Environmental Science), Major Field: Environmental Science, College of Environment.

Thesis Advisor: Associate Professor Kanita Tungkananurak, M.Sc. 101 pages.

The objective of this research is to study the use of chitosan to adsorb formaldehyde. In this
study, chitosan from shrimp shell and commercial chitosan have been investigated. Factors influencing
formaldehyde adsorption were optimized including pH (3-9), mixing speed (50-200 rpm), shaking time
(10-120 min), contact time (10-120 min) and amount of adsorbent (10-50 g/L). Under the optimal
condition by 5 g. of chitosan from shrimp shell, pH 3-9, 50 rpm of mixing speed, 10 min of shaking
time, 10 min of contact time, 48.34% of the formaldehyde was absorbed and 3 g. of commercial
chitosan pH 3-8, 150 rpm of mixing speed, 60 min of shaking time, 30 min of contact time, 53.10% of
the formaldehyde was adsorbed. The adsorption of formaldehyde in batch process by both types of
chitosan followed Langmuir isotherm. Continuous flow experiment of both chitosan were conducted
having wastewater flow rate of 80, 120 and 160 ml/min, respeclively on both chitosan. It was found
that at flow rate of 80 ml/min. was the best condition to remove formaldehyde by both chitosan. The
break through point and exhaustion point of chitosan from shrimp shell and commercial chitosan were
found at 2.4 and 3.2 L respectively and 8.80 and 9.60 L respectively. In addition, chitosan from shrimp

shell can remove formaldehyde in TOC Glycol Co.,Ltd wastewater effectively (97.80 % adsorption).

Student’s signature Thesis Advisor’s signature
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(Clark and Lykins, 1989)
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3.1 Tassadumaniives lnduuag laTaanu (g3, 2542)
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HO— ?
CH:0H
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NHCOCH: CHzDH . NHCOCH;
Hu HO— / o~
0
L]—LOH NHCOCH ' CH:0H
Chitin
NH: CH:OH
HO—
CH:0H CH20H
Chitosan

awfi 20 Tassadramaniivessag Taa laau uazlaTasu
Na: Okuyama et al. (2000)
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~ va I A a o Y .
UlﬂIﬁ“lﬂuaJﬁaJUﬁl‘]_]ua’]TW’f]a’f]Laﬂiﬂﬁl‘laﬂllﬂﬂlﬁuﬂiq (Lmear polyelectrolyte)
~ ' Y v =2 v W Aa 3 ya
Nﬂj'lilﬁu'llluum@\‘]ﬂﬁgﬂﬁI\‘l 1%Lﬂuﬁ1iﬁi1ﬂﬂ$ﬂ®u (ﬂoculant) ﬁWﬂJWiﬂﬂﬂﬂ‘UﬂUﬂﬁgﬂqaﬂﬂquﬂﬂ

[ [V Yy 9
lla$8Qﬁ1ﬂ15ﬂ%ﬂﬂﬂ1aw$l’lﬂﬂﬂﬂﬁﬂ



32

3.2.2 g@uanaAll (chemical properties)

& a I 1 5= 6 & a 7
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3.2.4 Degree of deacetylation (%DD)
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50 6.37 6.37 6.37 6.37 0.00 48.34
100 6.37 6.37 6.37 6.37 0.00 48.34
150 6.37 6.37 6.37 6.37 0.00 4834
200 6.37 6.37 6.37 6.37 0.00 48.34

a o o 2 vy o ?w s A A @
AININUHINN 4 mmauwu‘ﬁizmwsaaaxﬂﬁ@ﬂcﬁuweﬁuaﬂ"lamm"lﬂiﬁmmmwmwuaz

ANMEITOUMIIVE
S
ANUANTUNMAD
AMIEIT0U - AN , Fovazuos
(nRNIw/aAa) Aunde S
(W1M) PR PR v L MIPANY
Asan 1 Asn 2 AgaN 3
0 8.72 9.18 8.99 8.972 0.23 32.30
50 6.83 7.35 7.48 7.223 0.34 45.22
100 6.37 6.37 6.37 6.371 0.00 51.68
150 6.28 6.06 591 6.087 0.18 53.83

200 6.37 6.37 6.37 6.371 0.00 51.68
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d‘ v o J 1 9 [ d v A 4 = 9
MINNNUINN 5 ﬂ’J13Jﬁ3JWH‘ﬁ5$W’JNiE]ﬂﬁzﬂﬁ@‘ﬂcﬁ‘]J‘V\lE]iiJﬁﬂllElﬂﬂlﬁ)ihlﬂTG]GHWUi]1ﬂL‘]Ja®ﬂf;lﬂlﬁ$

F2OTIA NV
Y 9 A A
ANUVNVUNLYIDD
9
52921701 A a o 1 a . PRGN
' d (UaanIusoans) i SD. w
w1 (UIN) P P P N1IAAYY
AN 1 ATIN 2 ASIN 3
10 6.37 6.37 6.37 6.37 0.00 48.34
30 6.37 6.37 6.37 6.37 0.00 48.34
60 6.58 6.58 6.80 6.65 0.12 46.04
90 7.22 7.22 7.22 7.22 0.00 41.44
120 7.22 722 7.22 7.22 0.00 41.44

do A

4 (% [ 1 o J a a d
MINWUINN 6 mmﬁuwuﬁ55%31&%’@smzms@@mmdasua@"laﬂmm”lﬂhmmmwm%mmz

FLILID NV
Y 9 A A
ANVANTUNIVAD
PR R (Naansunoans) ANNAY S.D. $ouazu0d
e () Asen 1 A3 2 A597N 3 M3QAHl
10 6.95 6.95 6.95 6.95 0.00 50.43
30 6.52 6.01 6.47 6.33 0.28 54.85
60 5.76 6.15 6.15 6.02 0.22 57.06
90 5.76 6.15 6.15 6.02 0.22 57.06

120 5.76 6.15 6.15 6.02 0.22 57.06
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d’ v o J 1 9 [ d v A 4 = 9
MINNNUINN 7 ﬂ’J13Jﬁ3JWH‘ﬁ§$W’JNiE]ﬂﬁzﬂﬁ@‘ﬂcﬁ‘]J‘V\lE]iiJaﬂllElﬂﬂlﬁ)ﬂhlﬂTG]GHWUi]1ﬂLﬂa®ﬂf;lﬂlﬁ$

9 1
JTYTINUVIFNNITTNAR

o Y 9 A A
segernaind ANUVVTUNNAD
s ; )
AN EANAD (Jadniudednas) Aundy sp, ~ 0Uasved
- 2 2 4 2 4 M3AAEY
(1) Asan 1 asan 2 Asan 3
10 6.37 6.37 6.37 6.37 0.00 48.34
30 6.54 6.54 7.17 6.75 0.36 45.27
60 6.85 7.34 6.61 6.93 0.37 43.74
90 7.04 7.04 7.04 7.04 0.00 42.97
120 7.04 7.04 7.04 7.04 0.00 42.97

a o o vy o ? s A A o
AN UHINN 8 mmauwu‘ﬁizmwsaaaxmm@%uﬂ’aﬁmﬂ"lamjm"lﬂiﬁcmmmwm%mmz

srezaNignzauga

svoznandng A uRmde
anmzauna (Haaniusoans) duade op.  iovazved
(W) afafi 1 atafi2 adads M3gAvL
10 6.19 6.53 6.38 6.37 0.16 48.34
30 5.46 5.46 5.63 5.52 0.10 55.25
60 5.75 6.04 6.04 5.945 0.16 51.80
90 5.75 6.04 6.04 5.945 0.16 51.80
120 5.75 6.04 6.04 5.945 0.16 51.80
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d‘ v o J 1 9 [ d v A 4 = 9
ATTNNUINN 9 ﬂ’J13Jﬁ3JWH‘ﬁ5$W’JNiE]ﬂﬁzﬂﬁ@‘ﬂcﬁ‘]J‘V\lE]iiJﬁﬂllElﬂﬂlﬁ)ihlﬂTG]GHWUi]1ﬂL‘]Ja®ﬂf;lﬂlﬁ$

Yy 9 Jo A 4
ﬂ’J'IﬂJHJiJﬂJuﬂJENWE)ﬂJﬁﬂhlaﬂ

Yy 9 A A
ANUVNUYUNINAD
Y 9 Aa Aa W 1 A ]
ANUYNUU (UaanIuseans) .4 PRIEAGN
.~ . o A AUNDY S.D. .
(Vaansu/ansg) PR PR P N13QALY
AN 1 ASIN 2 ATIN 3
10 6.37 6.37 6.37 6.37 0.00 48.34
20 10.80 10.80 10.28 10.63 0.30 47.59
30 16.62 16.40 16.74 16.59 0.16 40.02
40 21.22 21.18 20.99 21.13 0.12 37.15
50 25.71 25.25 2591 25.96 0.33 34.42

a o o & "y o o A 7 a A
MININUINT 10 ﬂ’nll'ﬁ?J‘W‘l!‘ﬁigW?1Q§ﬂﬂﬂ$ﬂ1i@jﬂ“ﬁﬂ7\lﬁ]ﬁmaﬂ]’laﬂm@ﬂqﬂjﬁcﬁ1ul%ﬂw1mﬂfﬂlla$

Yy 9 Jo A 4
ﬂ’J”IZJHJiIﬂJHﬂI@QW@ilIEIﬂlIE’Iﬂ

Y Y oA A
ANULUVNVUNOD
Yy 9 A a o 1 Aa 9
AIULUNVU (WaanIuevaNT) . ooa I0YASUDI
v AuRaY  S.D. 4
(Vaansu/ang) 2 4 2 4 g 4 N139AYL
ATIN 1 AIIN 2 ATIN 3
10 5.63 5.58 5.32 5.51 0.16 51.93
20 8.95 8.86 8.95 8.92 0.05 55.37
30 12.25 12.59 12.14 12.33 0.23 54.00
40 16.66 16.32 16.79 16.59 0.24 49.38

50 19.14 19.14 19.14 19.14 0.00 47.08
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d‘ o Y4 1 9 o ] d v A 4 A 9
MINNNUINH 11 ﬂ’ﬂll’é“fll‘wuﬁi%‘l’i’JNi’OﬁJﬁ%ﬂﬁ@‘Wl{“}J%‘UW@iMﬁﬂhlaﬂ"lj0@1ﬂ1@%1u%1ﬂlﬂﬁ@ﬂﬂ‘\i

uazilsunala Taanu
Y Y A A
ANUUNUVUNLYIDD
a a a o 1 A 9
s laTaanu (Uaansuaang) JoyasUIN

3 Aunay  S.D. 5
(n3Y) v v v NIAAYY
= v A = U

1 9.63 9.99 9.70 9.78 0.18 20.72
2 9.15 8.80 8.82 8.92 0.19 27.62
3 8.27 8.27 8.52 8.36 0.14 32.23
4 7.22 7.22 7.22 7.22 0.00 41.44
5 6.37 6.37 6.37 6.37 0.00 48.34
6 6.33 5.42 5.65 5.80 0.47 52.95
7 5.42 5.70 5.42 5.52 0.15 55.25

a o o & vy o Ao P 7 A A <
MINNNUINT 12 ﬂ'ﬂll'ﬁll‘W‘L!‘ﬁ53%31\15@8@3ﬂ15ﬂﬂ%ﬂ%ﬂ7\]@5%E‘]ﬂulaﬂ“l]ﬂﬂllﬂiﬁ"]f1u&%\‘lw1m‘]fﬂ

nazlsualaTawu
S |
ANUANTUNINAD
UsualaTaanu (Haansunoans) Fosazu0q

3 Aundy  S.D. 5
GEEY) P P v MIQAT

1 8.457 8.726 8.785 8.656 0.17 29.81
2 6.67 6.67 6.67 6.67 0.00 45.90
3 5.924 5.482 5.715 5.707 0.22 53.72
4 4.759 4.759 4.954 4.824 0.11 60.88

5 3.957 4.284 4.349 4.200 0.21 65.95




Y s o v
ms1ewndi 13 loTmmesumsgaduvedlalasuinaldond
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YT la Taanu
. Co C V) q 1/q 1/C log q log C
(n3Y)
1 10 8.062 0.1 0.19 5.161 0.124 -0.713 0.906
2 10 6.927 0.1 0.15 6.508 0.144 -0.813 0.841
3 10 6.075 0.1 0.13 7.643 0.165 -0.883 0.784
4 10 5.223 0.1 0.12 8.374 0.191 -0.923 0.718
5 10 4.750 0.1 0.11 9.524 0.211 -0.979 0.677
6 10 4.087 0.1 0.10 10.148 0.245 -1.006 0.611
7 10 3.804 0.1 0.09 11.297 0.263 -1.053 0.580
d' o [ a a 4
MITNHUINN 14 1@1“]5!1/]@511ﬂ15ﬂﬂ“]5‘]J"’Uf)\‘]l1ﬂI@]°lﬂul‘b’\‘]‘W'lﬂ!“IffJ
U5 laTasu
. Co C V(1) q 1/q 1/C log q log C
(n3Y)
1 20 15.268 0.1 0.465 2.148 0.065 -0.332 1.183
2 20 12.420 0.1 0.375 2.666 0.080 -0.425 1.094
3 20 10.062 0.1 0.329 3.042 0.099 -0.483 1.002
4 20 8.501 0.1 0.286 3.502 0.117 -0.544 0.929
5 20 7.412 0.1 0.250 3.997 0.134 -0.601 0.869
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a o Jo A J g’ Qy a v A ~ o v w @ Y
AINNNUINN 15 ﬂ’ﬁ@jﬂcﬁuv\l@iua@vla@GlHHWWQUiHW T]I@Gﬁ hlﬂaﬂ@a 1NN NWJW%EJENWJEJ%IWMH

A 4
nnasnna

a J v d a a o =Y
suavlesiiad laa (Haansuaoansg)

s 2 o 4 $ouny
e ude ' 3 NaIQAH may  S.D.
NOUAAYL NSAALL
ASIN 1 ASIN2  ATIn 3
i]ﬂﬁ 1 (G970) 13.00 1.36 1.28 1.26 1.30 0.05 90.02
i]‘ﬂﬁ 2 (F1801A) 4.30 0.11 0.08 0.08 0.19 0.01 95.47

a o Jo A o g’ £ A A ~ o v o [ Y
A1TNNUINN 16 msg]ﬂcnuwgsua@"laﬂiuuwwqu5yw T]T@G]f hlﬂaﬂﬂa 1NN mmmzamma"lﬂimm

BN B

a Jd o Jd a a o 1A
‘]Jiiﬂil!ﬂ@illaa]laﬂ (VaanIuaoanTg)

< 2 4 > ol 4 $ouay
DETIRIGHT ' 3 MR AT mag  S.D.
nNoUYALY . N , MINAYY
ASIN 1 AsIN 2 AN 3
907 1 (G970) 13.00 0.9 0.8 085 0.85 0.05 93.49
997 2 (F1801A) 4.30 0.09 0.09 0.09  0.09 0.00 97.80
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d‘ v o 1 9 Y 9 v A I glay a v A ~
MININUINT 18 ANUTUITUTIzHITveazaA ULt o3 ad lad linannusav 1 led lnasea
o w < oy ~ 3 A 1 ] a g/ ay o
1NA U IANVUIN 1 (GI70) LLazIANUN 2 Tune (F1801A) nu1lsuasiitneamas

o Y = Y Aa Aa J [ g A
ﬂ15§]@“ﬂﬂ@'§8hlﬂIﬁ“ﬁ?u%?ﬂlﬂﬁ’ﬂﬂﬂ‘\i !,!,ﬁ3llﬂiﬁ“lﬂulf’lﬁ‘w'lil!“]fﬂllﬂﬂﬂ'ﬁ]ﬁuu@l@tuﬁ]ﬁ

) Y Y A A
IDYASAINULVNVUNLYIAD

na Smanh laTagunnaldends la T uFaniaisd
() (@n7) qwﬁ 1 ﬂqﬂ’ﬁ' 2 ﬂﬂ‘ﬁ 1 @ﬂﬁ 2
(G970) (F1801A) (G970) (F1801A)

5 0.40 34.79 40.48 31.84 39.17
10 0.80 35.31 43.45 32.15 42.79
15 1.20 36.76 46.41 34.09 46.10
20 1.60 39.07 56.07 35.32 48.21
25 2.00 45.68 75.38 36.05 57.07
30 2.40 5427 86.03 40.60 71.38
35 2.80 61.43 90.03 46.50 83.03
40 3.20 68.43 90.69 53.23 91.69
45 3.60 70.73 95.69 57.96 95.34
50 4.00 75.03 97.01 61.40 100.00
55 4.40 78.47 97.77 64.56 -
60 4.80 81.06 98.65 67.56 -
70 5.60 87.21 100.00 72.14 -
80 6.40 91.21 - 76.44 -
90 7.20 93.65 1 79.89 -
100 8.00 96.30 - 82.64 -
110 8.80 98.83 - 86.04 -
120 9.60 100.00 - 88.36 -
135 10.80 - - 91.51 -
150 12.00 - - 94,37 -
165 13.20 - - 97.58 -
180 14.40 - - 98.63 -
195 15.60 - - 99.28 -

210 16.80 - - 100.00 -
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