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# # 5572047223 : MAJOR PULP AND PAPER TECHNOLOGY

KEYWORDS: JOSS PAPER / MONTMORILLONITE / LEAD / ADSORPTION / SULFIDE
PIYARATDA CHANTRAPANICHGUL: TOXICITY REDUCTION OF SMOKE FROM
JOSS PAPER BURNING. ADVISOR: DR. KUNTINEE SUVARNAKICH, CO-
ADVISOR: ASSOC. PROF. DR. NUTTAYA PONGSTABODEE, 110 pp.

This research studied the toxicity of smoke from joss paper burning to achieve
guideline or methods for toxicity reduction. It was found that Kim-Chua which was widely
used contained the highest amount of lead at 2.8 ppm. Sulfur which can turn into sulfur
dioxide was also found in this type of paper. Lead and sulfur were also found in pulp which
was used as a raw material, though at a smaller amount. It was possible that lead and
sulfur accumulated in the white water circulation system. Therefore, waste water
management is very important in making environmental-friendly joss paper. In this
research, montmorillonite was used to remove lead and sulfur in whitewater as it is a good
adsorbent for cation (Pb2+) and anion (S2-). In the solution contained 10 mg/l lead
and 400 mg/l sulfur at 25°C, pH 4.6, it was found that an increased amount of
montmorillonite resulted in a decrease of adsorption capacity of lead and
increased adsorption capacity of sulfur. From the thermodynamic studies, it was found
that the adsorption process was endothermic and spontaneous. When the pulp
contaminated with lead and sulfur was treated with montmorillonite and formed into paper,

the amount of lead in the paper and its ash after burning was reduced.
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cC + O, CO, + 8,083 kcallkg V83A13LaU (2.1)
C + 0.50, CO  + 4,900 kcallkg 284A13508% (2.2)
2CO + 0O, 2CO, + 4,828 kcallkg U84 CO (2.3)
2H, + 0.50, 2H,0 + 57,600 kcal/kg 1849 H, (2.4)
2H, +0.50, 2H,0 + 68,304 kcallkg 184 H, (2.5)
S + 0O, SO, + 2,500 kcallkg BaIfNNLTH (2.6)
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2.4 AIRATU

N19AAF (adsorption) iATWAYELIITEMINNTNIANATDIA19YNAATY (adsorbate)

v A o o 4‘ s a dl A
AUNLAaRATY (adsorbent) Tatiludsnngnisalaeenisaranaistszneusiinnilavse
anstlsznavvaisniia liuvaesudelag il asulaseadnenesiu aualinveussnagaa
Tuanavasansgnaaduliuuiavesdogaduarainisouiianisnisgaduasniilu 2 szinm

¥ ' o . . o = . .
18un NTAATLLLLNEAIN (physisorption) LATNNTAATULLILLAN (chemisorption) [12]

o A & K o % a v dJ =
N19APFULLILINNENIW RAN19RAYTRRAIANNARdUT uLRAAaLseN N TWATieTe
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~ o o
LULLANLLAANANANTINN 3 [13]
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2.4.1 ‘1'aisnmaumigmsr°j’u (Adsorption isotherm)

TalnnannisgadunansiiBunuaessagnazaiaignapdusanisaraiasnady Telue

u u

1 ' '
= a a o

AuANdiniunqrannaluaisazaeiguuiag wLS1a8INIIAdURMAEgLLLLAIH

n) @u@@@msﬁmmmmwmaﬁ (Henry adsorption isotherm)

1
o A

annagAtuIasaILLLLEEAs AN BRIz AT LR N A sgna ad UL AN e 1w
laaaulanyluti wisaarnauluingy angaaisgadusunizulsdunsaiuaanudsdu

aunavreNaIgnaadulureamay AIaNNIg 2.7

q = K'yC (2.7)

o O

We g umneg FunauannagaduaIwIg (Haanfumeniv)
, = P o -
K’y MNNEIDN ANASNENAAAATLLES

C N1y Anudindiuannavasasgnaadl (Radniusaniv)

o o

1) mu@@@msﬁmmmmmeLmu% (Langmuir adsorption isotherm)

A o

annanadurRtnatLLLLaRIaneuE TR neliiannFgiuae Tuanaiies

o a

uilsluianagneafalutsouiiue uaesiuiaaesansgadu TnafunvesiBngadus

o a I o a o

fe‘imquﬁmu@u LL@SW@VQ\‘]’]uﬂ’]?@JWHUN WLVI’muVmU?L’Jm ANRANNNT 2.8
Ce Co, 1

— (2.8)
Je do bqo
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e C, wnneny Anudindurssansgnaaduluansazaianqnanna (Naaniusaniu)

q, wHeDs Bunusagnazaaniaugaduseliinasgedl (Haaniusaniv)

o
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=

q, ¥HnEDs BuNuFagnazaagegangnaaduINeas e uRuduRLg (Raaniusaniy)
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ANNTDMANAIINAINID UNIAATLIANT (g,) AINANNTT 2.9

(Co-Ce)
Je = VOT (2.9)

di =2 Y v -QI & o a a o A
e C, N8 ANINTWENAUIRIENIYNAAdL (Raaniusaans)
C, wNede Anuiindiuannarasasgnaadl (Naaniusadns)

Vo uanele 1BN0ese9asazantnasansgnaadi (ans)

W snede shuringessagedu (ni)

= ==t 1 === ., 1 . P
ANNNINTEUNIINIEUIN —Uay — AziANGl —— UATARRALNY y AR — A9
. Je e b, do
917 8 uazAIaNnIg 2.10
1
de
1
bqo
1
9o _
1
C

1 1 1 1
O HC I R
Je (CIO) Ce/ \bqo (2.10)
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M) ANAAAATLUBIMAILLNIUAT (Freundlich adsorption isotherm)

LUUAABNANARLLLN WA ANl sz nFuannanadl lusesmaaniAnHuyIEeAdN

wisalAanang aldiuunwsanengalunisasunenisgadulussunaadma ANANNIT 2.11

Je = Kfcé/n (2.11)

[

e K, vaneiy ArAsgadlaasma1aswumd

N ANIEDN ATTANAY HANNINNLN 1 1ENa

AN luaNN s luguesRennasiin annig 2.12

log qe = log K¢ + (%) log Ce (2.12)

U o/ 1 o
nalszninelog qe uaz log Coasfinnindu —uazaadaun y A log K¢

'
[

Aa g 9

logq.

log K¢

log C,

JU7 9 lelmmeunisgaduuuunguss
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2.4.2 wumam%mi@mﬁ'u (Adsorption kinetics)

ams3aUgnsenainnsnesutefteaaudAtaninisgaduinelduuudnang
AAUAIARNSNNTAATUAUALINT (Pseudo-first order) LazAAUANAATNITAATUAUALIADS

(Pseodo-second order)

ANNNIARUAIARTNNIAATUSUALNT AIANNNT 2.13

kqt
2.303

log(ge —q¢) = logge — (2:13)
e g, Munalie ANannsnlunisgaduasgnapdusiatiuinatsgadl o e t
t ey szazaINIgady

[ %

=2 ' dl < asa o o -dl dl a a o ' =
K, HNEDS ANANT m’m‘wmﬂgmﬂmumuwum (HaaNIUARUIN)

uaz\BEunsn AN 10

log(qe — q¢ )

log g, 2.303

FUN 10 aauAIARTNIF9ATUBUALININ
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ANNNIAAUANANINTYATUEUALADI AYANATT 2.14

t 1 t
— = + — (2.14)
qt k202 e

[ %

dl = 1 dl < asa v o dl o A Aa o =
BB K, VNEOS ANANN M?WL?Qﬂ‘ﬂQﬂ{]ﬂ?ﬂ’]@uﬁUW@‘ﬂ\‘l (NTNABNAANTN-UN)

wazaauns I AgLn 11

JU7 11 aauAIaninIIaaTUSUALABN

2.4.3 ﬂ'nugéﬂumﬁgﬂ‘ffu (Adsorption thermodynamic)

ke

¥ o o o

nszuauniggaduiilunszuaunulsdunduls iladnsnisgaduansgadumnniy

o o o o n’/’ o a o a v dl . y
AATINITANLANTAATUURIAIA AT mmzumz‘uu@jmsﬁmwmwmmuﬂuﬁuﬂﬂm@m (Gibbs

o

energy) Tuszuiy asgneaduazinaeun luiANIesnge wasuyuseusaedtfiatnagase e

a o

an9QneptugnanaRANRafigady 8ascaaenisaaauniavaniianad wassuauinsd

b %

(Entropy) 984819naadLAsantiotas danasueuinstlazulsdulinuguuugiansos
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NAINUWAUTAT] (Enthalpy) UTENAINIUTINTANNATBITZLLADNATINTYBINATIY

a o = A o o = o o
ﬂ‘i_lﬁ LL@ZW@\‘]\‘]’]T&L@HYW?‘]J?J@\‘]?%UU ﬂq?Lﬂ@ﬂLLLL‘]J@\‘]‘W@QQWUL@UW@ﬂﬂ@Q?xUH@J@sﬁ‘]_lLL@ AN AN

ANNIT 2.15
AH = AG+ TAS (2.15)
e dH NUIEIDS N2 ALV A UBINAN WAL AT
dG nUNENe N2 Asuul asuesnasuiud
T WNED Ao R0 AT el
ds PN DT AU A9 URINA ULE U TN

= dl o o =) o dl a dl (24
AN InaunIsas Ll aenas e wiatlaessruug adung U R AN lugl den

AN TEAANNNT 2.16 LAY 2.17

logk, = A4S _ _aw
O8Xd = 303R 2.303RT (2.16)
AG® = —RT 1Ky AG® (.17

Ha R N ANAINABIUAE (8.314 J/mol/K)

Kd nunaDe dadauseudeifsunusagnazaailaugaduseifsnimansgadu
(RaanFusansy) LmzmmL%]m%ummma‘qﬂ@Wﬁﬂummmmﬁﬁgm:u@@ (NaaNFUFIaNTN)
(9,/C,) uaz@aung W AegL 12
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log kg4

AH®
2.303R

FU7 12 ArwFauNI29ATL (Adsorption thermodynamic)
o dld 1 o a 1 Aa =2 o
nszuunsgadula ARANAUALdduA RRaUMNIERINTTLIUA I AT
o 1 a d” % 1 a dl o a 1 =2
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u’?ﬁ@mimaﬁwmm@qﬂgms{u [14] fauanelumn3nen 4
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3+ NJo?+ e+t
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20 4.522 5.48 54.8
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8919)
10 2.926 0.14 0.34 0.85 0.47
20 5.22 0.07 0.19 117 0.72
30 8.184 0.05 0.12 1.34 0.91
40 22.39 0.06 0.04 1.25 1.35
50 29.16 0.05 0.03 1.32 1.46
60 36.95 0.04 0.03 1.36 1.57
70 38.92 0.03 0.03 1.49 1.59
80 45.26 0.03 0.02 1.54 1.66
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200 6.67 0.0052 6.670 0.437 1.213
400 5.79 0.0025 5.790 0.385 1.311
600 4.95 0.0017 4,954 0.360 1.439
800 472 0.0013 4.719 0.345 1.484
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IR, t (mﬁ) ge-qt log(qe-qt) t/qt
20 0.99 -0.004 4116
40 0.89 -0.052 7.506
60 0.77 -0.116 12.092
80 0.60 -0.220 14.490
100 0.58 -0.234 20.580
120 0.55 -0.264 22.870
140 0.52 -0.283 27.532
160 0.37 -0.429 30.160
180 0.33 -0.483 30.769

200 0.00 0.000 37.979
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20 1.87 0.27 0.05
40 1.59 0.20 0.10
60 1.31 012 0.16
80 0.85 -0.07 0.21
100 0.31 -0.50 0.26
120 017 -0.77 0.31
Lwaﬂw‘lwmﬁnwmmﬁg@eﬁ/m%
mmm‘Twﬁuam;a AMNRINID L
qmﬁgﬁ, T maamigﬂ@wﬁ'u, msgwﬁ'ums Kd =
d .~ . e e log(Kd) 1/T (1/K)
(ALTER ) | Ce (Nadnjude | (gqe) Aadn3n/ | ge/Ce
8619) N34
30 3.683 26.32 7.15 0.85 0.00330
35 3.608 31.39 8.70 0.94 0.00325
40 3.562 36.44 10.23 1.01 0.00319
45 3.664 41.34 11.28 1.05 0.00314
50 3.037 46.96 15.46 1.19 0.00310
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303 17.88 382.12 21.37 1.33 0.003300
308 18.87 381.13 20.19 1.31 0.003247
313 19.30 380.70 19.73 1.30 0.003195
318 19.83 380.17 19.17 1.28 0.003145
323 20.58 379.42 18.44 1.27 0.003096
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0.05 0.26 19.49 97.44 2.97 14.06 70.31
0.1 0.27 9.73 97.30 3.00 7.00 69.99
0.15 0.27 6.49 97.28 2.93 4.72 70.73
0.2 0.28 4.86 97.25 2.99 3.51 70.12
0.25 0.28 3.89 97.17 3.01 2.80 69.935
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20 2.062 0.298 0.053 0.052830

40 4121 0.591 0.106 0.105587

60 6.167 0.886 0.158 0.158312

80 8.233 1179 0.211 0.211321

100 10.255 1.467 0.264 0.264349
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@adnIudeans) | IaanIu/nu
30 0.31 9.69 31.26 1.49 0.00330
35 0.32 9.68 30.45 1.48 0.00325
40 0.33 9.67 28.90 1.46 0.00319
45 0.34 9.66 28.20 1.45 0.00314
50 0.36 9.64 26.52 1.42 0.00310
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_ ANENIID I
annd, T | aNaawadzsan 5 Kd =
ol o Y MIewURIT, ge log(Kd) | 1/T (1/K)
(G EISHED a9, Ce L. ge/Ce
o (WadnIu/NIN)
(@adnIudadag)
30 3.05 6.95 2.28 0.36 0.00330
35 3.00 7.00 2.34 0.37 0.00325
40 2.89 711 2.46 0.39 0.00319
45 2.76 7.24 2.62 0.42 0.00314
50 2.70 7.30 2.70 0.43 0.00310
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AUIUNIA log(Kd) az 1/T

migmsﬁ‘wﬁ'avlwmummm’] AN DL anTEaN 1

ANNFIANID L
aownnd, T ms@@eﬁ'umi
. Ce e Kd = qe/Ce log(Kd) 1/T (1/K)
(BTN ) (qe) UadnI/
nyu
30 21.70 378.30 17.43 1.24 0.00330
35 21.71 378.29 17.42 1.24 0.00325
40 21.80 378.20 17.35 1.24 0.00319
45 21.82 378.18 17.33 1.24 0.00314
50 21.85 378.15 17.30 1.24 0.00310
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AUIUNIA log(Kd) az 1/T
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. Ce e Kd = qe/Ce log(Kd) 1/T (1/K)
(BTN ) (qe) UadnI/
nyu
30 21.09 378.91 17.97 1.25 0.00330
35 21.14 378.86 17.92 1.25 0.00325
40 21.57 378.43 17.54 1.24 0.00319
45 22.00 378.00 17.19 1.24 0.00314
50 22.99 377.01 16.40 1.21 0.00310
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