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Fig. 2.1-2 SEM image of lignophenol gel crosslinked with
paraformaldehyde
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Scheme 2.1-1 Synthetic routes of the new types of lignophenol compounds

containing functional groups of tertiary amine or quaternary amine.
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Fig. 2.1-3 % adsorption of various metal ions on the 3 kinds of aminated
lignophenol compounds from varying concentration of hydrochloric acid.
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Fig. 2.1-4 Adsorption isotherms of Au(III), Pd(II), and Pt(IV) on the 3 kinds
of lignophenol compounds from 1 M hydrochloric acid.
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Table 2.1-1 Maximum adsorption capacity of Au(III), Pd(II), and Pt(IV) on
various kinds of lignophenol compounds (mol/kg)

Adsorbent Au(IID | PAID | Pt(IV)
Crosslinked lignophenol 1.92

Primary amine type of crosslinked lignophenol 1.95 0.38 0.22
Ethylenediamine type of crosslinked lignophenol 3.08 0.21 0.54
DMA-LP 7.25 0.64 0.62
CHMAC-LP 6.45 0.58 0.98
GTA-LP 4.50 1.02 2.79
Amberlite IRA718 resin 0.69 0.55 0.34

DMA-LP # Fig.2.1-5 |29 4 7 AMIFE L, 20 mg/L O HEAV) E/XT 2T
(1D, 72 5 TNZ 200 mg/L ORI % & TeiR A /KRR Z2@iik L= & Z A Fig.2.1-6
IR THGR R RS DT, ZORENL U ATFAT I VREBEY V) 72 )
—VOWEFNC L VIKBED AL L RT VT ARERE O D ERIRAIZ S
BECX D ENND,
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Fig. 2.1-5 Experimental set up of the column packed with DMA-LP. Height of
column = 24.5 cm, inner diameter = 0.8 cm.
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Fig. 2.1-6 Breakthrough profiles of Pd(II), Pt(IV), and Cu(Il) from the
column packed with DMA-LP.
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S 512 Scheme 2.1-1 2R LT SIZHES T A F T 2 V OERER Z E E/L
THZEICED, VATFATIVHROBEEY 7 ) 7 = ) — LV OWERIOTE %
1Tol-, MEBLIOERELZFE LTI AFAT I VALEY V) 7= ) —)b
DO % LIt% DMA-RCLP 5 X 0 DMA-WCLP & %,

5g DIEKEY) 7' ) 7= ) —/L& 200 mL DB U P r L EEA L, Zllkipd
THLTF A=V %2 F L TNA T, £ OBRERFEHEILT 70°C T 5 R L.,
FIRIZHHA UT-th, ERWZ 7RG KTHE L, 24 FEFEBLZ, 20X 57l
FA L= AERY bg & 50% DY A F LT 2 kIR 50 mL, 72 5 TN 35%
DFRVLT VT b RKEK 10 mL & Z{EE L, 90°CT 3 KL TU ATV
72 U OEERIGEEIToTm, BIEETHA L1, ZK8K. 0.1 M OKERLT
kU AOKESHE. 0.1 M OEEE. 0.1 M O¥EbT R U v LK., I BICEKEEK
DONEFCTNERZEG L=, 60°CT 24 BT TR L7254, B Fic kv 100
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DEELEE, 72 bV EREIEBE 27,

Table 2.1-2  Elemental composition of DMA-RCLP and DMA-WCLP.

%Element (Observed/Calculated) Nitrogen
Degree of .
) L density
Adsorbent immobilization
C H (mol/kg of
(%)
adsorbent)
DMA-RCLP 61.29/73.84 4.42/7.07 4.90/4.30 114 3.50
DMA-WCLP 59.81/73.84 4.10/7.07 5.53/4.30 129 3.95

Fig.2.1-7 |Thk# 72 iR EE DR T 75 RCLP 38 XY WCLP DWW g 4 T
Ny FIEIC K V2 D&JEA A2 DWE ZAT > 1256 OWAE | 573 & IR
EDORRERT, T A LI CORMIRERFR0.1 — 5 M2\ T4 (IID)
ITERMICIAE SN TWD, 2 LT AT LA (D HE (IV) X
O &R b (I FORGROBAITEMHATE D, 20X D RMEEIZAET
WM OBRIENORB LY 7 ) 7= ) —VOWREAIOSEGE LR LETH
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Fig. 2.1-7 % Adsorption of various metal ions on (a) RCLP and (b) WCLP as

a function of hydrochloric acid concentration. Initial metal concentration =

0.2 mM, weight of adsorbent = 10 mg, volume of test solution = 10 mlL,
shaking time = 24 h, temperature = 30°C.
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Fig.2.1-8 % Adsorption of various metal ions on (a) DMA-RCLP and (b)
DMA-WCLP as a function of hydrochloric acid concentration. Initial metal
concentration = 0.2 mM, weight of adsorbent = 10 mg, volume of test solution

= 10 mL, shaking time = 24 h, temperature = 30°C.
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Fig.2.1-9 Adsorption isotherms of (a) Au(III), (b)Pd(II), and (c) Pt(IV) on
some lignophenol compounds prepared from rice and wheat straws. [HCI] =
0.5 M, weight of adsorbent = 10 mg, volume of test solution = 10 mL, shaking
time = 24 h, temperature = 30 C.
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Table 2.1-3 Maximum adsorption capacities ([mol/kgl) of Au(III), Pd(II),
and Pt(IV) on adsorbents of lignophenol compounds prepared from rice and
wheat straws.

Adsorbent Au(IID) Pd(ID) Pt(IV)
RCLP 2.8 n.a. n.a.
WCLP 1.1 n.a. n.a.

DMA-RCLP 7.0 0.64 0.54
DMA-WCLP 3.8 0.92 0.59

EMOBBEDY 7 7 x ) —MEEMIZB W TR LN ST I /KD
AL DA (AID) OWEFELLMELTWS, £724 1) OWFEIZBW
TIIMEHRKO L OO FNEFHEH KO H O L g LT 2 FRE N L Lok
Hamd, LNPLIYAFAT I VRINGERNZ LS00 L (1) OWFAEITEN
TEHERBRKROLODOFN LY KEWEEZRL, AE (IV) OWE TIEKE
RFERII R SR,

38.06

44.28

L L

RCLP after adsorption

. .Y

DMA-RCLP after adsorption

Intensity
L

Ay

Y

adsorbent before adsorption
1 1 | | 1 |
10 20 30 40 50 60 70 80
2 0 (degree)
Fig.2.1-10 XRD patterns of adsorbent before and after Au(III) adsorption
on RCLP and DMA-RCLP.
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Fig.2.1-10 124 (III) O A% D RCLP 3 X1 DMA-RCLP @ X #REHT A
~ wwgf,TaLO ﬁ%ﬁ%ﬁl 2oV T4 (T O EHK, 2 0 =38.06, 44.28, 66.45
BIORTT.50° IZBWTHWE— N LN 5, 2RI XY ek D
BWER LT LA R LTV,

Fig. 2.1-11 Digital photograph of RCLP after Au(III) adsorption.

Fig.2.1-11 124 (III) OWERT#% O RCLP OYGEBMeE 5B 2 R4, kit
@@Eé%%@ﬁf@% 5T D, Table 2.1-3 [Z/RENTWS RCLP 12X 54
(IID) OFEWVEEEILZ O L 9 RIBILRISIC X 28R OAERBITERT 5 H O

EEZBND,

3725 RCLP X WCLP ICBWTIZLL FDOA B =X AN EZ b b,

(1) ﬁ@*%ﬁ*m%wfu7/7;/~wmA%@I~%w%m@ﬁ@
MR 7'1 h AL L CIEEMZH O, £ ZICAEMN & H 04 (10D
WA . AuCly, D3IV T A zvxa‘%:fbﬁm“éo

(2) T7hra—nMHBIRT7 /) —AMKBRENBLENDZ EICXDE
PRAL, 2k e AI0) A 4O TN 0 k0N AEkT
a3

DMA—RCLP = DMA-WCLP 2B\ Cidx7 e h Ak L=7 3 7 # & AuCly

DI TA AU RBEHE I, (2) OBTISNEZ ~T2EEZHND,
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2. 2 IEWMBEEYOREH

BNESCHEAR R T OTICE L BAET DO KREMIEMTH 5, B
BRIV RZEHN, FEEICHE LT Lfilc LTRAIt S TE R, 2o
BRICH) 10%RRE ORI NBEFED & LT S D, £70 2 02 #EH LT
ik (Rfigsfhe) 280E5 5 2 L biThbl TE 2, MBRITE < 6729
LAROWEE, Yublé LT SN TE 72, £ EICBWTIZMFN 30 4£4%1C
20, HEEOWBEMEL LTELBEHEND X510 o72, FiEROBEH LR
KREOVEH I AR S 5,

Z DX D 7B 72 © NI HFITIXZE Db P& O —H % Fig.2.2-1
ORI Z = EREHENARY 7= ) — b BN E L EEN TS, 2D
iz = 3kx R F oo R NI M FEET A kmﬂ%MTw

Lo W LRI = ORERZ AW ZITV, 7T, 4, 61
7 v ATxE U TEBNTZRAERREZ BT 5 2 & A WiE LT\ 5[8-10],

Fig. 2.2-1 Chemical structure of persimmon tannin.

2. 2. 1 HEREEDZEELTIEEBROREA [11]
IR LY ITEmME DR % o = & k& 3 2 EFNTELE I 240 o
A NEBET L, FZTELELIIEMEORIZ v = O (TR O R HiFEIEY)
ZDLDOEEEE LTEWER O EZER L, T2 THiZ v = 13KkEtET
HoHTD \%%ﬁ_ﬁﬁﬁét I N E DT D ORI N LB L 72 5, K
W22 BV TIZOEFRRIC XL 2 2460 L OQRAGALHE O 2 FE O FiALE T
BANCTHRLL 7=, 612 Eﬁ/lh@kf@fibfl#@ F%LT IXHIZR R AT T
SVBIBMEY V) T )= VOGS ERICHEICLD . PATFAT I UDOERE
KEBN LR EAORE BT 72,
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Fig.2.2-2 [ZRMERIZ L 2 2R BR O EE 2 7”3, F 72 Fig.2.2-3 I[ZRALALEE D

BRE20em?
B :15¢ IS :2.68¢

0] (077

Gl L IR L0
f ) S L S L
100°C T24 hift#$ HCIH KWRKTH S 150 pmELF
_ B N

Fig. 2.2-2 Preparation of the adsorption gel of crosslinked persimmon
tannin by the treatment of waste of astringent persimmon by concentrated
sulfuric acid.

WK 8¢

»

B521F

800°CTikik 150 pmELTF

BZERRFPINITTO KAGAKU CO., LTD)

Fig. 2.2-3 Preparation of the adsorption gel of carbonized astringent
persimmon waste.

Fig.2.2-3 |ZJR e CALEE U CRAMRL U 7= Al BEIEM O W A HNC K DEE 2 72 IR
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R (D) HDN—2 2 S AORHF BFHE LSRN T,
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%A

0
0 1 2[HC|] /M 3 4

Fig. 2.2-4 % adsorption of Au(IIl), Pd(II), and Pt(IV) from varying
concentration of hydrochloric acid on the adsorption gel prepared by the

treatment with concentrated sulfuric acid.

Fig. 2.2-5 {2 800°C THRALALEE L T L 7= B A X DAk~ 7R o g g b
mHO4 (1D, B4 (IV), ~Z7Yva (1D, #Highy (D, =y I, #
(D), # (A1) OWEEZEERT, WML L7- b0 L1382y | 401D
LR TOHEERRIRE IV TEEMICHRE SN DM, HEERIREMEWGEI13/37
PULRLAEORE BB OND, LNLR—RARAZILOWEITERTE S,
100 #—0—0—0—¢ \ 4 L 4 \ 4 $

* Au(Ill)
80 B pt(IV)
N A pd()
60 | A < Zn(Il)
< A X Ni(II)
X
40 W A, ® Fe(Il)
A A cy(In
[ | = A
20 A

OM§Z|=|I

0 1 3 4 5 6
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Fig. 2.2-5 % adsorption of some metal ions from varying concentration of
hydrochloric acid on the adsorption gel prepared by carbonization of
astringent persimmon waste at 800 C.
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Fig. 2.2-6 % adsorption of some metal ions from varying concentration of
hydrochloric acid on the adsorption gel prepared by immobilizing functional

groups of dimethylamine on waste of astringent persimmon.

Fig. 2.2-6 ICVATFNT I U OEREEZE A LI EMBEEY OWEANZ XL D
B IRRE DR T O O EEBB L ON—R XX NVORET R RT, ®’
{EALER U7z & OO & [EARIZRRICHE AR BE OIR W EEIRIC B W T 3 O B &R O
MELBNDD, XR=AAZNVOWRFITEHETE S, L LIFAROBRETH SO
T, He IV) o7 vos (ID) OENICIE, 2 A MOREBET D &Rk
B L7 EHTHo B2 65,

Fig. 2.2-TICV A TF AT I U OBERRELZEN LT EMBEEM OWAEFNZ L 54

(IID . ~Zvvs (D), B4 AV) OWEFRMRL ST, MoOWREH &Rk
IZFreundlich J » $ Langmuirf!WoE AR L < —E LTV 5,

¥ 7-Fig. 2.2-812800°C THRAVALIE L7 i BEFEM OWAEANZ L 5 2 b D4

BOWEERREZ T, 215 bLangmuir®E SRR IZ L —FE LT3,
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Fig. 2.2-7 Adsorption isotherms of Au(III), Pd(II), and Pt(IV) on adsorption

gel prepared by immobilizing functional groups of dimethylamine on waste of
astringent persimmon.
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Fig. 2.2-8 Adsorption isotherms of Au(III), Pd(II), and Pt(IV) on adsorption
gel prepared by carbonization of astringent persimmon waste at 800 C.
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A4 (IV) OfafkE&E RO E 2 A Table 2.2-1 I RTHREENE SN,

Table 2.2-1 Maximum adsorption capacities of the adsorption gels prepared

from astringent persimmon waste by various methods (mol/kg).

Method of the preparation of the adsorption gel Au(III) Pd(ID) Pt(IV)
from astringent persimmon waste

Treatment by concentrated sulfuric acid 4.95

Carbonization at 800 C 1.40 0.40 0.25
Immobilization of functional groups of 5.63 0.42 0.28
dimethylamine

2. 2. 2 EHEEWZEEETS6Mi7ns0RkER [15]
BE&BEOWAE < BUXOLGA & FRRICEMEELEE, J5 X OURIALEE L TR L
TR DWW AR 2 FIW T 6 iy b LA DWE « BREIZHOWTHFZEL 7=,
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=) o0
= =

=
—]

Adsorption % [-]

20

0 1 2 3 4
pHe [-]
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Fe(III)
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Ph(II)
Cd(il)
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Fe(II)
Cu(ll)
AI(IIT)
Mo(VI)
In(III)
Ga(lll)

PopPbEOPOO

> o

Fig. 2.2-9 Effect of pH on the adsorption of various metal ions on the

adsorption gel prepared from astringent persimmon waste by the treatment

with concentrated sulfuric acid.
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Fig. 2.2-10 Effect of pH on the adsorption of various metal ions on the

adsorption gel prepared from astringent persimmon waste by the treatment

of carbonization.

Fig.2.2-9 3 L 18 2.2-10 |2 T N AVIRFRFRALER 35 I OVRAGALEE TS L 7= ki
PRI OWAEFNC & D% R JdA A DREE SR EFEHpH L OBEGRZ R
To WTNDOHES 614l v LOWAERE ZNLSNDOEEA A 2 OWAERRITHEE
NTEY. 67 abOEEA 46O SEEO RREMENRE X2 BiIvd
B RACRER L7058 X0 RESBENL TR Y . X0 ERACHEE - BRET
xXhEEBEZIOLND,

3D 7 v LZEDOMOEIEA A 1E p H OV & FITWE TN L T\ 5,
ZNERATTRTEOICINODORBGA AR 7 = ) — /L OKEEREIZ X
LA ARSI K VE SN0 Th 5,

OH 0,
O s v = Ol -
OH

6o v AZHOWTIE pH>3 OFE p H fEIIZ W T p H o & i
AT LTS, ZAUFIRKDOKIETRT L OICARY 7= /) — /L OKEEE
E R LBAT L EDZATNMMUKISIC L VR ESINDT2HTH S,
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Fig.2.2-11 I[ZIRHEAALERIC L 0 FHS U 7= 3R BE M O ERIZ L 5 6 i 7 v
A@%ﬁ&pH BT OWAEEFEORKEERT, pH=2, 3, 4*$wf
IS T ERF & RSN L, — el CEEfE) 1S3 225, pH=1 O%E13K 5
BFFE] 2 CUIIBRR] & SHCB TN L, TOB WA T L% — mf_%k
THEWIEHERWEFIN L OND, ZHUTWN ST ARE STz 617 v A
MW 3AMICE I SN THEKBRPICRBEL 272D &t E 2 bbb,
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Fig. 2.2-11 Time variation of % adsorption of Cr(VI) at different pH on the
adsorption gel prepared from astringent persimmon waste by the treatment
with concentrated sulfuric acid.

Fig.2.2-12 [ZJERRELALELC X v SRS U 7= sefliBEREM O S I X D84 72 pH
@m%ﬁ#%@6ﬁﬁuA@%% SRR AT, WTho4A Y Langmuir Y
DOWRFE L 720 | RO & TR F T KT D08, RN T BT 5,
ZDO—EMENLA pH IZB T AfafkE &2 KDz, TORE, pH=1,2,3,
L4 2B\ TR A BT E N T 7.18, 6.11, 2.38 B L T 1.96 mol/kg &k
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Fig. 2.2-12 Adsorption isotherms of Cr(VI) at different pH on the

adsorption gel prepared from astringent persimmon waste by the treatment
with concentrated sulfuric acid.
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Fig. 2.2-13 Adsorption isotherms of Cr(VI) at different pH on the
adsorption gel prepared from astringent persimmon waste by carbonization
at 800 C.
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=1,2,3,4 2BV TZENFN0.96,1.64,0.18 BLN0 & 7oz, FITR LT
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Fig. 2.2-14 Relationship between total chromium concentration after the
adsorption using the adsorption gel prepared from astringent persimmon
waste by the treatment with concentrated sulfuric acid and solid/liquid ratio
(dry weight of the adsorption gel/volume of chromium solution).

Fig. 2.2-14 (ZIRAFRALERIZ L 0 FRHL U 72 3kt BEEEY O W 57 % 0.05 mmol/L
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Z bmL/h Oy Tl L e S E o ih#i 4 pH=1 & 4 OHEITONTER
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Fig. 2.2-15 Breakthrough profiles of chromium species and zinc(II) from the
column packed with adsorption gel prepared from astringent persimmon

waste by the treatment with concentrated sulfuric acid. Condition: pH = 1,
feed solution containing 5 mM Zn(II) and 0.5 mM Cr(VI).
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Fig. 2.2-16 Breakthrough profiles of chromium species and zinc(II) from the
column packed with adsorption gel prepared from astringent persimmon
waste by the treatment with concentrated sulfuric acid. Condition: pH = 4,
feed solution containing 5 mM Zn(II) and 0.5 mM Cr(VI).
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WTNOEE B HERITRE ST, BIRBBREDIZT 7 A0SR T 5,
pH=1 ORI DWW CTITBIEBIIRER D I T L DIA~D 7 v AOFHIB R S
5, LU 6o 7 v AMZR L CIEKR Ll IEIZ BV T 7 LDk~
UD‘ZﬁtH =TSy e AN g W s & "f&f:i N 67 & LDO—F T T LD

R CTREINRW 37 v MBS TR L7 Th D, —F, pH
=4 OLEIEX. 30 0BV ETIEALZ v AoV THiRHIEAR SN, 2
BRAVOWAEIE T O 6 i 7 v ANEITLIND Z 72, R THRERNCAE DR AE
SN TH S,

3 MmO REA [12-14]
3. 1 IREERAEIC X 5EBEMBFEY (CPT) BIXP4%KT IV
By (QAPT) OWEA

AT AR L DT Z =2 22 < GTfidsk (Rissby) 13& e L
P HIZIASFIHENTWS, INHIERKRTHRIEESN TS5 5 L,
ATV —H B L TIREESNTND DL H 5D, AN CIEHE L EE O
MiERERREAT CRE I NT-ZEDZIFREE LT, B8RO NBED DO
FRx IR RAERIOBRIE 21T > 7,

JFEEZ D % D (crude PT)., BIAEEE OBFSEIS 31T 5 HE AT BEIEY) D W A5 Al D i &
[FERICIRARER 2 FH T 100 C CHEAZEE L Z L7- 1 O(CPT)., 72 5N 4 4T
SUDEREZEALZDLDQAPT)D 3EDOWAEAN L DT NL D ELE

D FEIZDOWTHIFE L7=, Z Z T QAPT i Scheme 2.3-1 |27 9 U2 & 0 7
w7,

2.
2.

CH,CI CH2C1 CH,N(CH3y), CHZN(CH3)2
| N (HC HO)n
——(OH)m 50% (CH
F Conc HC1 o CH— L 3)2NH
363K NaxCO3
OH
Sah ( Jm (HO) 36 K (OH)p, m(HO)
s 12h
9] - 3] @ ©
CH,N(CH3I  CH,N(CH )5 CH,N(CH3){CI” CH yN(CH31CI
CH;1
| N N NaCl N
—_—
NaCO3 /\; CHziK// \ /\/) CH— P
Nal (OH)y | (HO) OH)y, m(HO/) \

313K
12h

Scheme 2.3-1  Synthetic route of quaternary amine type of persimmon
tannin sorbent (QAPT).

P stands for polymer matrices of persimmon tannin.
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ZDRIMZBWTTFEBIOMiE: &2 ST RV AT VT b R ESRICREER+ CX
JEXEDH LTI, Xy =0T TRRBEIGERE Z » TRk s &
Iz, 7 AFALBUEHE Z Y | R TH 54446 27 v 1 X FL{bhi
B = NEREND, EBICVAFAT IV ERINEELZLICED 3H/T
SUVBIBRGR 2 = AR END, ST VAT ARSI EDH T LI
LV 3T IVOBERKITZAMT I 720 EOELT MU D AKERT
452 X0 4T X 2 EOXIA A0 3 b G E X H
55, Table 2.3-1 ([ZJREIORIE K & EFLOKIGNZ LV T L7 QAPT Dt
RO OFEREZRT, ZO/MELY ., Hli¥ = OETIC 2.02 mol/kg D 4
T I DOERENEE SN ERanD,

Table 2.3-1 Elemental analysis of crude PT and QAPT gel

Element % (obs./ cal.) Degree of Nitrogen density
Derivatives C H N Immobilization (%)  (mol/kg of dry gel)
crude PT powder 45.79/ 48.79  5.83/4.69  0.33/0.0
QAPT gel 60.17/58.50  5.01/450 2.83/2.73 104 2.02

— 7, IEHiER % VT 100°C CREA ZRFG LB Z2 L 72246 T & » = (CPE) D
FUZBW I Z v = T OB OKBBIEM, HDH W EMZ =21 &3t
fF LT D a— REOSHEOKEEIER T, BERIC X 2 B/KEHE SO
EL, TNODH TN —T G CRE SN EBMDBERRSND EEXD
b,

CPE gel

crude PE powder

% T

3400 2400 1400 400

Wavenumber/ cm™

Fig. 2.3-1 FT-IR spectrum of CPT gel and crude PT powder.
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Fig.2.3-1 {ZJF£tD PT powder & CPT 7 /v ®D FT-IR A7 R V&R $, JFE
DOffis (PT powder) TiL. 3320 cm 27 = / — /LMK ERIE DK FEREAITIESD
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