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Synthesis and characterization of environment-friendly abrasives based on
self-assembly of copper-ion modified cyclodextrin and £-polylysine
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Abstract ; Self-assembled microcrystals made from copper-ion modified a/B-cyclodextrin ( Cu,-a/B-CD) and &-
polylysine (&-PL) can be used as biodegradable abrasive materials for personal care products.Plastic microbeads have
small size and difficulty in biodegradation, they cannot be removed by sewage treatment and are easy to accumulate in the
environment , thus endangering aquatic organisms and threatening human safety through food chains.Cu,-a/B-CD and &-
PL are firstly coordinated in aqueous solution, then self-assembled into irregular rod-like crystals, and finally separated
via centrifugation.The morphology, crystal structure and thermal stability of the materials are characterized by SEM , XRD
and TG.The results show that the addition of phenylalanine or tyrosine into the self-assembled system allows the crystal to
be more regular and larger.The addition of tryptophan can help to obtain petal-like crystals. All microcrystals are stable in
aqueous solution,but are easy to decompose when pH is less than 1.As an abrasive material , the self-assembled materials
have appropriate hardness and compressive strength, which can enhance friction performance.In addition, the crystallites

composed of biomaterials can be degraded easily and the manufacturing process shows more environmentally friendly.
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1.1 RKFS5E

RMER (e-PL) , FBINFEGOE 1) TR AN A
FRS A A7 5 o~ FMIAS (a-CD) (EE TR (Trp) AN
ZMR (Phe) [WEE R (Tyr) FTHL T 250 28w A2 7 5 &
AALEN (NaOH) | /K A Bt iR Hi ( CuSO, - 5H,0) . 4,
B A B-FRMING (B-CD) , [ 25 5 A Ak 2350 A PR A
AR P BN 38 Ry A A At S gt R e K
B A#BaliK (18.2 MQ) ,

SUPRASS Yk A4 oL 5%, T8 [ Zeiss 22 Al A=
7= FTIR8400S {8 LI AR 2T A, H AR 5 H A
773 D/MAX2500PC X SFEK ARATHAL, H AR B2 A=
7% ; Labsys Evo/seteram #H 73113, H A Seiko 23 ]
A7 N, AT, IR EE S LA 20 ~ 600°C, T
R 20°C /min,,
1.2 Cu,-a/B-CD Hi%l#%&

Cu,—a/B-CD [yl £ B Hl 10 mL & A
0.5 mol/L NaOH 1 0. 02 mol/L o/B-FMiHG (/B
CD) W% W, - m Hdrfim A 15 mL 0.04 mol/L
CuSO, I, L AL Cu(OH), ¥ AULIE, £ % IR
T(25°C) FHEFE 12 h )5, i 3Bk 2% Cu(OH), [k
Wik, TESERCPANA 200 mL 2B W T H IR
WETUNE, 8 24 h 5 S8, A 2 B b
IR VER, 7F 25°C T B A8 T8, 19 31 35 @ [k
AR N =), R 2N 68% , Cu,—a—CD:'HNMR
(500 MHz,D,0) ,5:4.97(s,6H,C,H) ,3.89(s,6H,
C,H),3.76 (s, 12H,C,H) ,3.54(s,6H,C,H) , 3.5
(m,12H, C,H, C,H),1.09 (t,2H, Cu (OH),Cu) ;
Cu,-B-CD:'HNMR (500 MHz,D,0),8:4.91(s,7H,
C,H),3.81(s,7H,C,H),3.72(s,14H,C,H) ,3.50
(s,7H, C;H),3.48 (m, 14H, C,H, C,H), 1.02 (t,
2H,Cu(OH),Cu),

WIS ST 5 «-RORREBREBWFINIGHIE SRIE - 103 -

1.3 BHERESHRG &

Cu,-a/B-CD/e-PL H L A MBHA S5 8
27.5 mg Cu,—a—CD 31.6 mg Cu,-B—-CD #111.0 mg
e=PL T 10 mL #aliK i, 5354 S AT e-PL
WA Cu,—a/B-CD IR FES S, e B IR &
FRE L, TE 8~10°C T H41%% 48 h, i#id 4 000 r/min
B0 B AR ORL KBRS 3 IR, 60°C T4 2 h,
A TROBHO IR R T I T, 7 SORIR S A,
RN 63% .,

1.4 HBEERIAE

T VR TR KN K L- IR R R
(L-Phe) L-F& %R (L-Tyr) fl L— {2 (L-Trp)
5 Cu,—a/B-CD EEE/RIL 1 1HRA RG2S e-
PL HZH%% 48 h, i 4000 r/min B0 70 B H 4H 2%
MARE, KRR 3 ¥ ,60°C T4 2 h, 7= R IR I 4T
T R LR 65%
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2.1 BHEESAMBMEREN

Cu,—a/B—CD BEK 1 i Bk Hl A7 S BHL T, LA
P TR AE S Cu,—a/B-CD b BYH B 1L
Mgha, WHEYA N e-PL E—Fh & &M
A HERRBELE A I Z K (R AN 25~30) 1 Cu,-
a—CD/&-PL Ml Cu,-B-CD/e-PL [ H 413 52 &b
LY FESEM FIINE 1 s, HE LA LE P
HB 2 2 OPRAR BB, K E SR 10 ~ 30 pm, T8
1~2 um, Cu,—a—-CD/e-PL #1 %} Cu,-B-CD/e-
PL AR 3 40— 55, Cu, -B—CD/ e —PL A R 5 Ml i
Pt g4 R 2 iR, Cu,—a/B-CD B
S5 e-PL Y BUMEE LA 2R A9, A W 4 % 42
AP | BB AH B PR i SR, PRI i i
“JAIRT 17 2B AR T, TE AN KR SR 1
AR

(a) Cu,—a—CD/e—PL

(b) Cu,~B-CD/e-PL
K1 Cu,~a—CD/e-PL #1 Cu,-B-CD/&-PL
B 4 e O A SEM H
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Cu,-a/B-CD/e-PL
2 Cu,—a-CD/e-PL 1 Cu,~B-CD/e-PL t
B 2% AR AL

2.2 WERAEERR

Cu,—a/B-CD B/ AR A & & H 5
HEIERRAAE S N LB 8 5 A 5 I L- TN
R (L-Phe) L-F 2R (L-Tyr) Fl L- 2 MR (L-
Trp ) 3 FEEERRAE R 85 7 el A8 17 20 2 b4 RE T AR
MR/, =JC A% EHY FESEM EIANE 3 Fis
1E Cu,—a/B-CD Fl e-PL 1y H 43R R b, H 4123
WHRLE/NE RS, INA L-Phe 8¢ L-Tyr J5, =JC A4
BEHRE L-Tyr/Cu,—B—CD/&~PL Fl L—Phe/Cu, -~
CD/e-PL #EJE S 1 AR 45 BRI Al RS R, 6B
i#1d Cu,—a/B-CD A L-Phe 5 L-Tyr HF]F B4
%e ORI EETRIR I T e-PL 5 Cu,-o/
B-CD Z [l & E M. HBEE L-Trp BYIIA, L-
Trp/Cu,~a~CD/&~PL Hl L-Trp/Cu,-B-CD/&~PL
B AR S & A 0 2 A5k, B AL R B
HAEIPRAR , HRST 4051028 5~ 10 um F110~20 pum,,
J T A PR RS L-Trp/Cu,~a/B-CD/ e~
PL A4 RN 4 FroR, L—Trp AJ 38 2 fe {57 F
AW EAE R ES Cu,-a/B-CD JEM (AB),

F4055E 1

RIH 1%, 1M e-PL IEFEAH S Cu,—a/B-CD L
FIERFL AL ZS 4, TS L-Trp LRILLE S |

2 um /

(¢) L-Tyr/Cu,-B-CD/&-PL (d) L~Phe/Cu,-B-CD/&-PL
B3 L-Trp/Cu,—a=CD/e-PL L-Trp/Cu,—B-CD/
&-PL . L-Tyr/Cu,-B-CD/&-PL 1 L-Phe/Cu,—B-

CD/e-PL B % % W W48 SEM &

NH, ® -

£-PL
Y
IV\A HN o .
NH, 0.e,

B4 L[-Trp/Cu,~B-CD/e-PL 1y § %1% 1 A2 3

2.3 BHAZXMMH XRD 51

JECRL N Sk R R XRD NI 5 iR, Cu,-
a—CD 1Y 4 A7 R4 5 0 43 53] o 23.04,25. 08,
31. 84°H1 33. 82°, Ifii Cu,~B-CD A ERAE 75 1640, &
Lk 4 ASFRAENE, G EH S £ 1 19.01,28.02,
28.96°F1 38. 60° 4 MEfEWE, 3 4b, e—PL £ 20=
9. 24° Lh AR AE AT B 5 HAREE, Cu,-a/B-CD/e-
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PL [ 413 M R} A9 3 2258 AF 137 55 0 7E 7. 86° I
11. 86°4k . X ELIEIE I | 55 Cu,~a/B-CD Fl e-PL
MRRIEUE AR, R A A3 A MR — R
anfA, LA, XRD (g RIS B U BH S (RS540 72 3%
5 Cu,-a/B-CD/e-PL H AL M B L, L-Trp/
Cu,—a/B-CD/s—-PL A 40255 B A 8 Z 17 4t
I 22 B FR AR I 7E 6. 18 12,7 ,13.08° Fl 19. 68°,
LI =T SR S B 2% . XRD U4 1) 2% 55 9 4
MR T A4 R S Z M Y 25 5%, — 00 F 4%
MRHGTEAR R ERIR 1M = J0 H 2 AR T AR & A

23'0425.08 31.84
33.82

19.01 2802 28.96
NS

LJJ R A o

5 10 15 20 25 30 35 40
20/(°)

1—Cu,-a—CD;2—Cu, --CD;3—s—PL
(a) okt

DI NV
Ah " 2

9.68

19,
256 16 1308 ,

12.74
6.18
4

38.60

510 15 20 25 30 35 40
20/(°)
1—Cuy —a—CD/&—PL;2—Cu, -B-CD/e~PL;
3—L~Tip/Cu, —a-CD/ £-PL;4—L~Trp/Cu, -B-CD/e-PL
(b) HAHM R
5 Cu,~a—CD.Cu,~B~CD &Pl Cu,~a/B—CD/
£-PL L~Trp/Cu,~a/B-CD/s~PL, # XRD [ i

2.4 BHERMMBNEEN

Cu,-a/B-CD/e-PL HHBEE A B L-Trp/
Cu,~a/B-CD/e~PL H 4% MpHAY R il 2 an 5]
6 JT7n ., ANIA] 2 26 M R IR 43 A B8 DL 3% 1
Wit TG A#t F 45 2 G 4 RHE 20 ~ 600°C 1 #4455
FEPE, T EE AR R 5% I AR B i O L
PRI EELS) GRS 6 FiF 1 AT LIS Cu,—B-
CD/s-PL &AM BHE 198°C I} 1Y B 3125 h 5%,
1M Cu,~a~CD/&e~PL & & B EHE 284C I 5T i i1 2%
AR 5%, T EHEMZEHS], Cu,—~a-CD/e-PL
MR RFE EMEL T Cu,-B-CD/e~PL #1 K, =T
228 A1 R A IR R PE S AR T o0 H 413 M R

WIS ST 5 «-RORREBREBWFINIGHIE SRIE - 105 -

Cu,—a/B-CD %5 BN & A R ek 43 1, BlE R E 1Y
Thi, XK B Wik %, Cu,-a/B-CD 25
oo =oo HA B RIE AL, A Cu,—a/B-CD H1HY
T REZK 3 T AR AR T BUR S5 R W E R T
IEENE, MR, R B RER e PERIZ IR B A
WA A 2548, T LUBA DA BT i 3 A0 2k 72 rh i
FETE

¥ 50+ 3
K 30t 1
20
4
10 2
100 200 300 400 500 600
BEE/C

1—Cu,-a-CD/e-PL;2—Cu,—-B-CD/&-PL;
3—L-Trp/Cu,-a-CD/e-PL;4—L-Trp/Cu,-B-CD/e-PL
K6 Cu,—a/B-CD/e-PL 1
L-Trp/Cu,—a/B-CD/e~PL t # & 4 #7
®1 TEEAEMBORESFHE

e Ts/C Tige/C T/
Cu,-a-CD/e-PL 284 297 331
Cu,-B-CD/e-PL 198 261 328
L-Tip/Cu,-a-CD/e-PL 245 255 384
L~Trp/Cu,~-B-CD/s-PL 219 248 399

TE 2 T, T 1090 T 2390 R BT SR 5% 109 F1) 55 K5 4 57 25 1
BRI

[, AL T A 2 M BHE AN A pH 2508 T 1Y
Famtt, 24 pH KT 3.0 B, BPRHEK P AT EE E
12648 h A RS L, SR, 295 VR A TR B2 14 o
H pH /INF 1.0 B 324 BHE 8 3 i - s i Ae K
W 12 2B B o3 FOPE VRV 8 T O A B Bk 2 v I R
P B B R Wl d i RIS

3 #ig

S EC A AL R U A B RIAE A R T
AN E SRR, — o0 AR R AR
T, B R R IR E P RTI FR 1 . ¥R L—Phe 5%
L=Tyr 0] DA A 6 A8 45 5 R | 30 ] DL ok A% & 44
B RS RN, B L-Trp F1 Cu,~a/B-CD RS G -5
e-PL H A%, U B ORI AL R ik, Tl
2 AR ELA Al B R AT R R nT DAAE S A
BT, LTRSS A MRk LA p i B AR AR
AT R BRI P B S AR I A R

(F2% 110 M)
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