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ABSTRACT
TITLE : BIOSORPTION OF LEAD FROM AQUEOUS SOLUTION
USING MUBEREY LEAVES
BY : TEERAWUT BOONLOM
DEGREE : MASTER OF ENGINEERING
MAIJOR : ENVIRONMENTAL ENGINEERING
CHAIR : ASST. PROF. PAIRAT KAEWSARN, Ph.D.
KEYWORDS : TREATMENT / BIOSORPTION / MULBERRY LEAVES

Treatment of wastewater contaminated by lead was more concerned because of its
effect in health and environment. There are several technologies such as precipitation, ion
exchange, activated carbon adsorption as well as biosorption. In this study, biosorption of lead by
using Mulberry Leaves was investigated. Removal of lead in synthetic wastewater was performed
by batch experiment. The factors effected on adsorption e.g. biosorbent dose, contact time, pH,
were investigated. Quantitative analysis of metal made by using Atomic Absorption
Spectrophotometer (AAS). According to the results, optimum lead uptake capacity and by using
this biosorbent was found at pH 2. Increasing pH from pH 2 to pH 5 decreased lead uptake
capacity and at pH from pH S to pH 6 minimal different was occurred. The reaction kinetics was
considerly fast because the equilibrium was reached uptake capacity 30 minuets. Lead removal
using Mulberry Leaves followed the Langmuuir Isotherm and its maximum adsorption
approximately q_ was 33.557 mg/g. Langmuuir Isotherm also used to explain the research data in
this study well (R2 =0.922). This study showed that Mulberry Leaves may be used to treat

wastewater containing toxic heavy metal.
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A ) o - - :
1) MUN13¥84 Langmuir Hivou lviimsgadussaammiziaduine?
waz Tuagavesmsgngadu hiimsindeundaszuuia

CC
q=q, b+C. 2.1n
fo  q = YTunuvemsgngadualinuvedIgnaadty v aazauga
g, = UTuvsImIgngatuAlTinuvesdlgady o anlzauga
b = fhm‘?ivmmsgﬂcﬁ'u,ﬁwwmﬁaﬂﬂ%/un.‘ummsgnﬂﬂcﬁu
c = anududuvesmisazaiy, un/a.

o lfamnsama g, uoz b Sedesdagiiuuaums Imildidhiaumsded

1 (L) ; [_1_](1) er
9 \da ba, AC

C_[C ) (L @2.3)
q \la,) \bq,

b 4
NNUMIAINAT Tsoouns W ladall

1/q
A

Slope = 1/K,qn,

1/qm

» 1/C

mnﬁ 2 nsdmsSuaunis (2.2) ¥93 Langmuir
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Clq

Slope = 1/q..

1/K .q.

a3 nsdmSuaums (2.3) ¥09 Langmuir

2) AUN5903 Brunauer-Emmett-Teller (BET) o Ty Tuiaga
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(9,)(b)C) (2.4)

7€ ON+{b-1CIC)]

» ] ¥
3 anududududiveamsgngady o ynq Fuun.a

&

3

O
n

ANINVBIMIGATY

o
I



19

CS
/
C
a4 n3 A C, dmsudums (2.4) ¥ou BET
e W ansami b uas o SsfessagilaumsIiifiuaunsdadl
C - 1 + Ka -1 .S ) (25)
1C -0  (K.) (K, AC,
C
(Cs'c)q
A

Slope = (Ka-1)/(K\K,q,,)

UK

» C/Cs

a5 aswdmiuaums (2.5) Y93I BET
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3) auM3V84 Freundlich 1dunmumsfidou1ddunn Taummizotia

a Y A - Y oy Y e
MITATAWNADUYIUVDINIMATUA NV UVUADUYIIN

q = K'fcel/n

(2.6)

ie q =msazawiigngadaiall mirntiu mgg

K, = AAafivedszuy

1/n = ANINVDITTUY

C, = anudutuvesdagnazarviigaauga iy mg/i wie mol

weldansamiat K uaz n 1881033 @ouns S eiuiiudesd Logarithm m191031)

F3
aums Iy Idudsaumsil

log(q) = log(K,) +(%) log(C,) 2.7
Log(q)
A

log(K)

Slope=1/n

- Log(C)

2N 6 nsIdMSuaNMT (2.7) 94 Freundlich
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26 ﬂﬁi’ﬂﬁﬁﬂhﬁ&ﬂligﬂaﬂﬁ') (Factors Influencing Adsorption)
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3.2.2.3 quuqil mitviane ssrwaFue
3.2.2.4 anviuilu miseYafe seuani

) 9
3.2.3 daundsan WBussmanududuvesmsasmluninGedunszvindams

nanevinlagldinTociio Atomic Absorption Spectrophotometer M1t infie Nadnsw/dns

]
o =S

33 amuiiinismasesilfifing

Hoalfians madndmnssunil aszdsnssumand uminodvguaiwsiil

3.4 in3esilennzgunialluninaaes

3.4.1 nsesilen1¥lunminanss
3.4.1.1 §ounnuiou (Hot Air Oven) {1 1375 FX O¥i0 Shel Lab u3tin

@A AYVDIINDT $150

34.1.2 lﬂ?’e‘N Atomic Absorption Spectrophotometer (AAS) iu Analyst 200
?;‘P’I'i) Perkin Elmer US4 Perkin Elmer
3.4.1.3 1n¥ouvtreumsiad (Shaker) 1 VS-8480SF 151
Julruoudita $1a
34.1.4 dganuiu
¥

3.4.1.5 1AT83%4 4 AMu3 {u LC 62018 te Sartorius 151N

lououdailn $11a
3.4.1.6 inseatamanuiunsa-a1a (pH Meter) {4 PP25 §¥® Sartorius
3.4.1.7 n3oailu {u BE 122G B0 OTTO u5imeeald Asinma $1¢in
3.4.2 qinseiluminaaes
3.42.1 Yula (Pipette)

3.4.2.2 {inines (Beaker)



26
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anudutufimiovosnzia
W | anududuGudu @n./a.) dssdntamnis
(n§N) vz (un./a.) adad 1 ada2 | Ausde fdanzia (%)
0.3 10.0 6.187 5.997 6.687 38.136
0.5 10.0 3.723 3.614 3.721 62.865
0.7 10.0 1.858 1.689 1.758 82.426
0.9 10.0 1.251 1.009 1.068 89.321
1.1 10.0 0.348 0.209 0.258 96.922
1.3 10.0 0.226 0.347 0.249 97.219
15 100. 0.186 | 0328 | 0253 97 477
1.7 10.0 0289 | 0.182 0.219 97.816
1.9 10.0 0..212 0.326 0.256 97.445
2.1 10.0 0.402 0.128 0.252. 97.483
2.3 10.0 0.315 0.176 0.219 97.814
2.5 10.0 0.298 0.219 0.251 97.492
2.7 10.0 0.301 0.201 0.219 97.818
2.9 10.0 0.248 0.316 0.256 97.446
3.1 10.0 0.348 0.592 0.249 97.518
33 10.0 0.275 0.234 0.253 97.475
35 10.0 0.357 0.189 0.254 97.462
3.7 10.0 0.356 0.204 0.229 97.710
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¥ a- A P
anududuiimasvenzna
58081'3?!'] ) Q' 9 - a o
.. anunduduTudu (un./a.) Uszininmmsiia
dura . 2
. voInENIUN/A.) AzM(%)
(W) 2d P B
asan1 | asen 2 | fAunau
5 10.0 2742 | 2.831 2.782 72.583
10 10.0 1534 | 1.724 1.634 84.661
15 10.0 0913 | 0.613 0.763 90.874
30 10.0 0701 | 0652 | 0672 95.482
60 - 10.0 0.394 0.345 0.364 97.112
90 10.0 0.367 0.294 0.347 97.336
120 10.0 0272 | 0.251 0.253 97.471
150 10.0 0279 | 0237 | 0.249 97.512
180 10.0 0313 | 0262 0.252 97.486
d' - o _ @ c‘l Qo <4 :.s' o 1
AN A3 Useaniammsimdanea A MosNseauniee
na szdninmnisfiianziaf pH AN 9
ui 2 3 4 5 5.5 6
5 72.581 | 74.540 | 71.171 | 67.330 | 68.165 | 69.770
10 84.665 | 78.448 | 73.405 | 72.331 | 73.873 | 73.032
15 90.873 | 82.621 | 75.866 | 75.736 | 77.160 | 76.531
20 | 93.986 | 84.880 | 78.363 | 76392 | 79.713 | 78.274
30 97.464 | 87.162 | 79.980 | 78.581 | 80.126 | 82.681
60 97.462 | 88.768 | 81.825 | 79.985 | 82.716 | 83.681
90 97.475 | 89.115 | 82.330 | 80.486 | 83.195 | 85.013




-1 TUNIIVYOY Langmuir

9N q=

9,0C,
1+bC,

die q = SnuvesmisgngaduaiTinuvesiigngad a anzauga

q, = Ysmnuveimsgngagualiinuuesdigady o annzauga

b = fndiveInsgady, Ansvesdagadu/an. vemIgngady

Ce = ANUPUTUVDIIIAZANY, UN./A.

Ci = anududusudu

A1TNA A4 U5V Langmuir 91 pH 2

49

1y g=[(Ci-Ce)*V]

Hyou \% Ci Ce Ci-Ce | (Ci-Ce)*V Ms

(n5W) | Gas) | (uasa) | uasa) | (unsa) | ) Celq q.
030 | 0.030 | 100 1.183 | 8817 0.265 0.882 1342 | 0.623
030 | 0.030 | 500 9.107 | 40.893 1.227 4.089 2227 | 4.266
030 | 0.030 | 1000 | 16.860 | 83.140 | 2.494 8314 2.028 | 7.126
030 | 0.030 | 2500 | 94.000 |{156.000| 4.680 15.600 6.026 | 20.151
030 | 0.030 | 5000 | 220475 |279.525| 8386 27.953 7.887 | 26.142

wld q, =33.557 b=0.017 R’ =0.922




Langmuir isotherm

50

10 -
8 - *
e 97
S . y = 0.0298x + 1.8635
R =0.9223
2 -
0 lr 1 ) | 1
0 50 100 150 200 250
Ce
M -1 03 eI Yes Langmuir 1 pH 2
A1319# 1-5 AUN15UB Langmuir TipH 3
1o q=[(Ci-Ce)*V]
niou \% Ci Ce Ci-Ce | (Ci-Ce)*V Ms
(W) | @a) | @asa) | (uas) | (W) | (R _ Celq | q,
0.30 0.030 10.0 2.561 7.439 0.223 0.744 3443 | 0.970
030 | 0.030 | 500 9.168 | 40.832 | 1225 4.083 2.245 | 3.198
030 | 0.030 | 1000 | 16740 | 83.260 | 2.498 8.326 2.011 | 5.354
030 | 0.030 | 2500 | 97.625 |152375| 4.571 15.238 6.407 | 16.545
030 | 0.030 | 5000 | 230275 |269.725| 8.092 26.973 8.537 | 22.035
wld  q,=29155 b=0.017 R’ =0.959
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Langmuir isotherm

10 1

g
S 6 y=00343x + 1.9084
4 R’ =0.9598
2
0 1 1 I 1 1 1
0 50 100 150 200 250 300
Ce
AMA -2 N3 MaUN15Y09 Langmuir 71 pH 3
AN N6 FUNITUDI Langmuir 1l pH 4
lu q=[(Ci-Ce)*V]
wieu| Vv Ci Ce | CiCe | (Ci-Ce)*V Ms
(M5 | @a9) | (unsa) | (uasa) | (uasa) | (un) Celq q,
030 | 0030 | 100 | 1.709 | 8291 0.249 0.829 2.061 | 0.837
0.30 | 0.030 50.0 10.350 | 39.650 1.190 3.965 2.610 4.461
0.30 | 0.030 | 100.0 19.070 | 80.930 2428 8.093 2.356 7.334
0.30 | 0.030 | 250.0 | 75275 | 174725 | 5242 17.473 4308 | 17.091
0.30 | 0.030 | 500.0 |251.250 | 248.750 |  7.463 24.875 10.101 | 24.992

wld  q,=3L152 b=0.014 R’ = 0.996
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Langmuir isotherm

12 A

y=0.0321x + 1.9881

4 2
R =0.9966
2
0 T T T T T |
0 50 100 150 200 250 300
Ce
- 4
i a3 n31auN13U09 Langmuir 1 pH 4
ATNA A7 AUNI5UDI Langmuir i pH 5
1 . q=[(Ci-Ce)*V]
viou | V Ci Ce Ci-Ce | (Ci-Ce)*V Ms
(i) | @a3) | unsa) | (unsa) | (unJa) (un.) _ Celq | q,
030 |0030| 100 | 3209 | 6.791 0.204 0.679 4725 | 1.243
030 |0030| 500 | 9.760 | 40.240 1.207 4.024 2425 | 3.503
030 |0.030| 1000 | 15.160 | 84.840 2.545 8.484 1.787 | 5.132
030 |0.030| 2500 | 66.975 | 183.025 5.491 18.303 3.659 | 14.670
030 | 0.030| 500.0 |260.270| 239.730 7.192 23.973 10.857 | 24.607

wld g, =32.154 b=0.015 R’ =0.867
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Langmuir isotherm

12
10
8 -
o
S 6- y=0.0311x +2.4825
4 ‘r R =038673
24 %
0 T T T T T )
0 s0 100 150 200 250 300

Ce

AN A4 NS IHAUMIVDL Langmuir # pH 5

o

. { a t o q e {
-2 aUNIVBY Freundlich Huaumsniisul¥dumnn Tasmwizedntdletvasazawi

) v A a N A S VI
ADUYUIDINUATUANWVUYUADUY I

q = Kfcl/n
dle K, = sl
c"= mnh
Log (9) - log (K) + 1/n log (C)
Log(q)
1\
Slope = 1/n
log(Ko)

> Log(C)

A a5 nINdMSUTUMT Y09 Freundlich



ATSNT N8 TUN1IVBA Freundlich i pH2

log q log Ce
-0.055 0.073
0.612 0.959
0.920 1.227
1.193 1.973
1.446 2.343

wld K,=0945 1m=0644 R’=0974

Freundlich isotherm

2 —
y =0.6445x - 0.0243
2
R =09746

-
g 17

0 T Y T T |

0.0 0.5 1.0 1.5 20 25

log Ce

AMA a6 N5 aUN15904 Freundlich 1 pH 2

54



x o
AINA N9 TUNIIVOA Freundlich 1 pH 3

log q log Ce
-0.074 0.193
0.622 0912
0.920 1.224
1.177 1.998
1.397 2.398

wld  K,=0945 1m=0651 R'=0933

Freundlich isotherm

y=06513x+00601

R'=0933

log q
N

00 0.5 10 1.5 20 2.5

log Ce

< 4
2 07 n5auM Vo3 Freundlich #i pH 3



A1SNA N-10 AUN13V03 Freundlich #i pH 4

log q log Ce
-0.081 0.233
0.598 1.015
0.908 1.280
1.242 1.877
1.396 2.400

wld K,=0739 1m=0693 R'=0956

Freundlich isotherm

56

2 -
y =0.6932x - 0.1308
2
R =0.9564 *
®

o
g1

0 ¥ ¥ | 1 1 |

0.0 0.5 1.0 1.5 20 25

log Ce

AT A-8 N3 1WAUNITUBI Freundlich #1 pH 4

3.0



x o
AIINA 011 AUNIIV03 Freundlich 11 pH §

log q log Ce
-0.168 0.506
0.605 0.989
0.929 1.181

1.263 1.826
1.380 2415

w8 K,=0553 1m=0764 R’ =0.0.844

Freundlich isotherm

2 -
y=0.7649x - 0.2568
R =08447
'S
.

o
2 19

0 1 ] \ ] 1 1

0.0 05 10 1.5 20 25

log Ce

AMA -9 n3 M aun15v09 Freundlich i pH 5

30

57
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w1 nsfmnumseinldluminanes

a o o A y ¥ a & o a s
MIATHUTADNATAD P\?)(NO,)2 NUANUVUVY 10 JaaniunmsiaTouuay

59

¥ 1
Funsewldnniaa luiasm (PHNO,),) weniuiititsiseinleseu (Deionized water

n3o DI)Tﬂu‘uuusﬂmsuumiaumummgmwvm 1000 Haansw/aas lavazay
aalwasn (Pb (NO,),) 0.8038 n3u Tunsn Tun3n (HNO,) 10 finddaas Immnum

Uswenlesouldld 1 das (e seshmsazarnasgunidessliida

Wuduaudesms
asavao 1.00 Nadniy = Pb 100 luTnsfiy
214 cV, = c,Vv,
1000 ppm x V, = 10 x 1000 mi
v, = (10 x 1000 mi)/1000
\% = 10 ml

1

1 U

2 AMIRUIUNMTANATNOUNYIAITTAY pH 2 - 8

1N Pb(NO,), —> Pb* +2NO;
Pb(OH), — Pb?* +20H"
Tauiin Ksp = 25x10"°
dievinmaiun pH=2 HerAId ] = 107 ; [oH]=10"

Pb?]=10x (10%) g/l x I mol/331.2g =3.02x 10° mol/l

0 | Ksp = [Pb™] [OHT
dio pH=2 ;2.5x10" > [3.02x 10% 7 x[10*1=3.02x 107
pH=3 ;25x10" > [3.02x 10° 1x [10%] =3.02x 107

pH=4 ;25x10" > [3.02x 10° 1x [10™] =3.02x 107
pH=5 ;25x10™ > [3.02x 10° 1x [10™% = 3.02x 107
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pH=6 ;2.5x10™ > [3.02x10°]1x[10"] = 3.02x 10™
pH=7 ;25x10™ > [3.02x10°1x[10™] = 3.02x 10™
pH=8 ;25x10™ > [3.02x10°]x[10"] = 3.02x 10"

] ]
1 o/ o

MINARBINIANYINAYES pH Allaemigaduazii sufiudesfnaiiszdula
i 9 - :c J 3 as & 4 o
nhldiiansanazneuvenzm luniil¥msazaio NaoH Tumsyiy pH Fuilersv pu

U &’ o - o 1
1ﬁ§ﬂ’lﬁ~11lu msazmtmzn’mzmﬂmmnmzﬂauﬁ‘lu "lﬁﬂiﬂﬂ"l%ﬁ’ (Pb(OH),) Tﬂtmﬂ‘l
L'} i 2
Ksp=2.5x10"

¥3 MIsmundszadninmmshda

Usz@ninmmsdiia®) = [C,=C] x 100
C

i

Y v o W
= ANMUITHIULTHAOY

Ci
C, = Anndindugavinevesansavant

100

10

0.1

lﬂ' o d' ]
v w1 nnsanaznouveslaneminh pH AN 9
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2.1 mamsunlumiewmanindofunsiey
- ' o ' LA
munsoulumion i lumioulldrednhinaunda
i lduniey (Hot Air Oven) Tigaimgii 105 °C M
24 $2hn Mlusndaduluniesganiuiu
msmisminfoduns ieidinivazia wionldon
[ K]
wuan luinsn (P6(NO,),) waufiurhiivsweinleseu (D1
water)  1ASTUNIAATOUMIINZDWUIATFIUASAT 500
findnfwdas Tavazmoaalunin (Pb (NO,),) 0.8038
niu Tunsa luain (HNO) 10 fiaddns Taudmih
31 - > .
dsirinlossulily 1 @ns udrnimiu Aeshmsazas

wasynanfonna i léanududunmdoinis

<
22 asnBinanmnzasilumsgady
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Wudu 10 Hadniwdas USias 100 Taddas ivdif 200
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23 ﬂﬁmnau#nmmzau‘lumsqn%’u
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v -l - - -
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RAINIIAZAWAI06 1R WNTTVeN TR TIBIToEIIM

fudoriy s, 10, 15, 20, 30, 60 unz 90 W NNIDIUAL
JannBinaazArdaunies AAS
Tnndiuminnudunsa-wrvesnsazawasdalu
nsnaansiin Weaisazawnsa lalasanes (Hydrocloric
acid) unz  misazaivlwidoylaasonled (Sodium

Hydroxide)

3.HanTInAtoanazoMlona
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1M 2 pafmnzeulumsgady

lunsH¥Szmafim3onnvnlumiounin 1.0 niy
dmiumsAnyuanifimy 1:uu1umsqn=§ummzﬁu
®b™) e isinaundudu 10 fndndwdas Uimas
VBIMI00 100 Haadns wudrlume 5-20 wiiezga
Fulfedumd Jafinsgaduit 93 % vernnrsgaduil
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33 wovdd pH venisgady

Ve pH AiiwaremsgaduTaoldlumioumin 1.0
niu Jumsgadumsasfa@s’) Famswdidnududy
10 fiadnfi/dns USinasveamsazatw 100 fiaddns #

pHANY u"ianam‘iu{uﬂs:r‘minm1umsgm§uﬁuﬁm’fu
&rounzdudrgmunadt 30 wiit Faveanfosfunams
nanpvBanTsMA Nz lunsqady unzvinun
ArnAaeal pH uand iy wedidudnsddnfuand
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#1 pH 3-5 WefiTudmsdiinanataudidy wioenad
Y

pH 3-s anududuvas laasen’lad looeu (OH) 1nniu

4 - 3
Fio1weze s ofuiy dizquanvesazia ldfahldine

msuvsduiusninemsduves Uszpuanvesnzia fud

voslumiou vazmisSuduvanlszquinvosazia Ay
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lonsonlad lesourlss@ninmmisgadudszquanves

. . 4 A dn
azfwedlumiouSianasiie pHRuVusze#iAa Y
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wisulinsuandveslaasen'led lesou (OH) niiy
o o o v : o
Mltwefdudmsidanans 1 pH 6 e fiFudnis
e v A 4 o 4 i~
fdarududnifovsin  pHs ewnindszgiAaly
misuiimsuandaveslaTasiounin (1) fevaa Ml
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NN wataan (Inductively Coupled Plasma; ICP)
4.3 nusasavaovumlsen M153esneuiin uouwersu Tnad (e mailn

(AtomicAbsorption Cold Vapour technique)
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(Distillation , 4 ~Aminoantipyrine)
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(13) msasdveumiiiled 114350z lad TuaRindu (Azide Modification) figaungd 20
prmniaiod Wunan 5 Su Aadoy n3edimsdudinulssgaamassul¥anuiurey
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(15) minsvaeundTon 11435 dovaawdlnlas TudmFonlalnsmn (Potassium

DichromateDigestion)
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