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ABSTRACT

This study involved using a surface-functionalized mixed cellulose ester microfiltration
membrane to remove heavy metal ions from water. The surface functionalization of the membrane
was achieved through three sequential reactions: alkaline hydrolysis, periodate oxidation, and Schiff’s
replacement. The membrane surface functional groups were chemically transformed into oxime
groups capable of chelating heavy metal ions. The oxime groups of the membrane produced through
the three reactions were chemically analyzed. The average amount of oxime groups was estimated to
be 7.9 x 107 mol/cm? of the membrane area. The sorption of heavy metal ions including nickel(l1),
lead(ll), zinc(Il) and cupric ions by the membranes was determined by performing equilibrium
sorption and dead-end filtration. The mechanism and reaction kinetics of the sorption of these heavy
metal ions by the membranes were also examined.
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ﬂﬁ%\iiﬁ}@{'&?ﬂ@[“&i?ﬁiﬁ? FE ”[”FH:‘" 100 mL [/
Benedict 7&1%1&“[?@5” PPUSEES ) eV s

If~rnﬂq

:% Benedict

7J<1Mfz I gl 10 mL > 9 0.15 M F;%Iléz?ﬁ’ﬁ?r& 40 mL »
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BB Eﬁ ftil Ej fii] (mgl) 3 (mof/g)

() (~) (mol/cm?)
GN-6 1 1 1.1x10° | 6.3x107 | 7.3x10°
GN-6 2 2 6.7x10° | 3.8x107 | 4.5x10°
GN-6 2 2 2.9x10° | 16.7x107 | 1.9x10*
GN-4 1 1 7.1x10° | 4.1x107 | 4.7x10°
GN-4 1 1 15x10° | 8.6x107 | 1.0x10°
= i 1.4x10° | 7.9x107 | 9.3x10°

%2, STTREHET R T R

NiZ ¥ oH i Pa W, Wi, W,
Co (Mg/L) (%) | (mg/h)| (molig) | (mglcm?)
50 5.7 36.7 1.84 2.08x10* 0.106
100 5.6 37.7 3.77 4.28x10™* 0.218
200 55 495 990 | 1.12x10° | 0572
# 3. T ‘aﬁ‘@m »ﬁm&-m‘ TR i &
P ¥ e pH il Wi Wa
Co (mg/L) (%) (mg/“ )| (molig) | (mg/cm?)
50 47 75.5 3.78 1.21x10* | 0.218
100 43 776 7.76 2.50x10* 0.449
200 43 77.0 15.40 | 4.95x10* 0.890
A 4. STTTRESEEE R T EIRI
ZnP oH i Pa W, Wi W,
Co (mg/L) (%) | (mg/Mf)| (molig) | (mgicm?)
50 5.6 76.8 384 | 3.91x10* | 0222
100 55 72.9 729 | 7.43x10* | 0421
200 5.4 754 | 1508 | 1.54x10° | 0.872

Cu? i . Pa W, Wi, W,
Comgt) | P o6 | o) | molig) | (myem)
50 48 |492 246 |258x10* | 0.142
100 47 | 541 541 |5.68x10* | 0.313
200 46 | 322 6.44 |6.76x10* | 0.372
(Z) P& pes T gy

TR T [ AR OSSR - S 2
(FiSEE il = B i1 53 IR /umn 2 % 3 % 4
W3 5o FTH TR GN-6 ~ BT oA T 1
e SR [ T 2 5 i A e R 2
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3)~ PREEY (R 4) FT IS (A5). I SIS FHEY
50 mg/L. &5 7] » 5 H S TRV SLEE T 0 B £ 1.84mg
(213.1310° mol )» 54 W 5L 1 BI[Y 4.5 ff 41259 2.4x10°
mol = [ [R5 §LEH & SEaisii 9f - TR
M R R AOBE G J5 TR R A
Bl PRPFL SR A T TR T | [ |
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S R [ R L [25,27,31] o SRR FLES

Ul



35

AR Rl RER TR FURLEY AR SRR S e
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BB PSR oo AL WL F S RS R [T R S
I SRS ~ LT S A e w%m PR (R R )

T g [8,30,33] - YRR o AT E PR b > ST TR
P 2 A 3 e 4 03 5 || &)l S TG 17 B%J\l%ﬁé?ﬁ FISERTET & s P R AR U L )]
FIE BIBE o BT Rl Wim o dTTlpeari - 18 s rmﬁi%' et i AR AR I B 2 T PP T

T BRI T, Zn> CUP'e NP> PO oA 2~ IRFRIB 55 L gkl -
403 A 4 0R 5 U EERIEE Wm > 120 (5) LRk

i *’Ja i 750 (Freundlich isotherm equation ) #i =) 6. FI & R R ﬂﬂﬁlf?‘@ﬁlﬁ]giﬁﬁ‘gﬂ?
TR & s R R [17,27,34]: 18 ey K (mol**" L*"/g) 1/n
NiZ* 8.97 1.427
W,, = KxC,Un (5) Ph2* 3.74 1.059
Zn2* 119 0.934
. N cu?* 1.88x10? 0.524
H=ErK=n p/ [iﬁ B AR T AT U SR e
%6
B BT S Y T SR
NiZ % | pH ff IR A £ PUBRFFEE RN () | NiPHIfFE (mglg) | <Rt
50-200 mg/L 5.6 TP Tk i PR (mixed esters cellulose) 0.15 12.2-66.0 F
0.01 mol/L 45 FHEJ lfci "¢ (chloromethylated polystyrene) 4.0 g/L 6.46 12
0.01 mol/L 4.7 FHEEE (polybenzimidazol) 10-50 g/L 12.0 13
5.0 141
0.01 mol/L 60 W rosTE T "o H K poly(styrene-co-divinylbenezene) 0.10 264 40
10 ppm 7.84 M52 1IEH  poly(salicylaldoxime-co-formaldehyde) 0.10 1.88 39
0.5 mol/L g5 (Starch) 2.0 2.12 26
533 mg/L 6.0 iR T5 % £ 4 poly(salicylaldoxime 3,5-diylmethylene) 05 5.0 16
40 mg/L S5 (silica) 2.0 1.6 14
% 8. F",ﬁ‘%ﬁl;'/i'if@f]ml‘ﬁﬁ%fﬁ?%%’;'/j‘ gyl
Po*F% | pH fif ST it £ A= (@) | PO*PIfEEN (molg) | VRt
50-200mg/L | 4.3 ATk #% YRR (mixed esters cellulose) 0.15 25.2-102.7 A3k
10 ppm 6.7 IR P 1% K poly(salicylaldoxime-co-formaldehyde) 0.10 0.88 39
0.5 mol/L E&ES (Starch) 2.0 9.65 26
40 mg/L Z{™7 (silica) 2.0 14 14
#0. FTERLY RIS U G R
Zn* ¥y | pH i AT it £ R EE ()| Zn* e (mglg) | VR
50-200 mg/L 55 ISR 57 YlEL (mixed esters cellulose) 0.15 25.6-101 EN
0.01 mol/L 5.2 FEFIELR ¢4 (chloromethylated polystyrene) 4.0 g/L 47.7 12
0.01 mol/L 5.1 FF L (polybenzimidazol) 10-50 g/L ~0 13
5.0 4,58
0.01 mol/L 6.0 W morTE T Ta AR A P poly(styrene-co-divinylbenezene) 0.10 131 40
10 ppm 7.6 FIpRgs=eF 1R H P poly(salicylaldoxime-co-formaldehyde) 0.10 1.76 39
0.5 mol/L 445 (Starch) 2.0 1.46 26
533 mg/L 6.0 HIPRT5 3 577 poly(salicylaldoxime 3,5-diylmethylene) 0.5 20 16
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% 10. F’*,Ejﬁﬁl;lfﬂifm[iw%]‘: fetsmiBEs = g TRl

Cu™ k% | pH ffl ST R £ PIEHE AR (@) CuTPITEl (glg) | YR

50-200 mg/L | 4.7 LTS sk 7 YT (mixed esters cellulose) 0.15 16.4-42.9 R
0.01 mol/L 4.6 FEFIFELE a4 (chloromethylated polystyrene) 4.0 g/L 79.4 12
0.01 mol/L 4.7 FEF PR (polybenzimidazol) 10-50 g/L 25.0 13

5.0 61.6

0.01 mol/L 60 W oespTE T CaRE I A R poly(styrene-co-divinylbenezene) 0.1 635 40
10 ppm 7.2 FlpR 5 1 P poly(salicylaldoxime-co-formaldehyde) 0.1 17 39
0.5 mol/L Es (Starch) 2.0 11.8 26
533 mg/L 6.0 MIEL 5% £ 97 poly(salicylaldoxime 3,5-diylmethylene) 0.5 56 16
40 mg/L S ™% (silica) 2.0 38.1 14

(Z) & REss k= eI

PR P I B R RIS GN-6 > T
(B TR ] 3 = Sl At f“‘DT%EﬁF'EﬂsR’?«Ji
[ TR ] 1= o S 11 Rt [ TTlipsaf 30 mg/L 5
VR D U S YR R R S RO G P 1.49
o ETRCIPCATSALEE Y PO B AGR [5P U 1 A
Ao ﬁ;&.\ 2 ’@’E‘TF'J 30mL HF»?&BJJ‘: R UG s
Fpser g » (R SRRl > PBrrierpet & L S5IEE e iy
AR o FLOENRT 50 mL AR S5 RO I
Bl (5.68x10° mol ) [isffy b SR 35795 5L [ B1 (3.8x10°
Mol )e s 7 MRl G IR i e [ I BT 25 PR A iy
R e SRR IR TR P R (USRS
Q'EEI#’ET?%?%E'@;i (5 s (RS LA 7 B B i

15 B U EH R (rate-determining step ) o PRIgSLEES 22

=r 4y, TR 7#45\5;? A s @?ﬁfﬁ@ﬁl%{,‘l’&[lg,zu ) ﬁ%‘l'
Ll RO ISR = RS VTS RLE g~
o £ ) SR (W ST 30mL A9
ke > IRV S RS SUEE B A S - R
B UL o B PRSI ORPREL PUEE L  N lgls
HISERRERE [ 27, 28] - 7 0 S G A S L JPBBIT“T
R o PRl SRR (R 11) SR TR
S R (F 2) * PR SO OSSR RS R
PP PR T I =

%ﬁ EL%F,%{I B e Tl [ AL RS B~ 3k (first order) [
PIZ%(6) b~ 3R ] 158 F =N [23,34] 53 ik

l%ﬂ%i:

cm/min

|mfm

‘39’97%‘

11§ I;H Vicfst ¥4 10 mL R ffs

10910(Qo/Q) = kx1/2.303 (6)

# 10 IJEETTREGHI 30my/L S ’J‘??T?M/FE‘FHEI
ﬁf\l%ﬁlHi’ELE;f R NiZ iR | BIRR D N2 il
(mL) (mol) (mol)

10 2.04x10°® 2.04x10°
20 1.36x10° 3.41x10
30 1.53x10°® 4.94x10
40 7.38x107 5.68x10°
50 - 5.68x10°

PEfftE! (x10° mol)

0 10 20 30 40 50 60 70
S (L)

[l 1. SENEROETEER - SRS A IR

ELHIT Qo KU IR AR SIS £ ( 5.11x10° mol) v
% Q FLIEEE ¥/ 10mL .&ﬁ‘q‘%f& AEEIEES £ (3.07x10°
mol) FIELE - T t STHSEIROR Y 10mL AN
[T (419 sec) o [NIFGREE S5 RLEH £ Sl — AR TE@
Sﬁﬁfj‘gﬁrk £ 1.22x107 sec™ » g1k 12 F. o F B R Ao

Ei%ﬁﬁxﬁfj’g’eé??\‘ (6) » FHETiHYE 50 mL [ B S EE i
FffEIH% 4.71x10° mol » & {4 #E&(# (5.68x10° mol) 5%
17% o pRif=» A Tsgh |55 50 Mvh 3R VRGP 1 TR

RS 1V = PRSI LS A g e -
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A 12 PRI I E S sy V- SRS 15

B @r@wﬁ@ﬁ o |-
FIEF | e ik hgyﬁféﬁ’ I,
s | e | aery | | e
e WS £ BET R t (sec) k (sech)
Qo (mol) Q (mol)
Ni%* 5.11x10° 3.07x10°® 419 1.22x1072
Pp% 3.62x10° 2.69x10°® 12.0 2.49x107?
zn* 4.59x10° 451x10° 120 1.42x10™*
Cu® 3.94x10°® 2.66x10° 122 3.22x10°

SETRTIRCE 75 mo/L SRS I A R i
BB 13> 2 fg%ﬂ}f'?;tﬁhﬁ? 5.20 cm/min - qﬁﬁ' 1 Pk e e
B SRR I A SR O B R [ P SR R
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