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AL LLF B PE (chitosan, CS)Fy-RAE K (y-polyglutamic acid, PGA)AEEER, A =RBEERN
(sodium tripolyphosphate, STPP). 3 Z &M %EEA (polyvinylpyrrolidone, PVP/ERNEE T 55 E
7, HEPORBAIATESREFHRK. ARAETPGAGKI N ELBEH FCuzt. ComF R
FetERIRomE, R P B R 3R K IEAE SRR E SR BORL B ) % T2, IR PR 2 S SO ok R/ A2
435 (particle size distribution, PDI)#ATHIE . SRR, BREME: PGAREN0.6%. STPPIREN
0.1%- PVPIRIEN0.2%. CSIREN0.02%HT, SRBRAIRAR KN A322.5nm, PDLA0.144; PGAE:
KR Cuzt Coz*HIMR M ER 53 BN 75.64%F182.35%. HIL, UUAMEEPGATICSHEMBH & HgiK
B EAFHATESRE FRIKES.
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Abstract

Nanoparticls of y-Polyglutamic acid (PGA) and chitosan (CS) as matrix were prepared by adding
sodium tripolyphosphate (STPP), polyethylene pyrrolidone (PVP) as chelating agent and stabiliz-
er. And the heavy ions adsorption of the products was evaluated. In order to investigate the effect
of PGA nanoparticles on the competitive adsorption characteristics of heavy metal ions Cu?* and
Co?+, single factor and orthogonal experiments were used to determine the preparation process of
nanoparticles, and particle size analyzer was used to determine the size and distribution of nano-
particles. The results showed that when the optimal condition was 0.6% PGA, 0.1% STPP, 0.2%
PVP and 0.02% CS, the particle size of the nanoparticles and the PDI was 322.5 nm and 0.144, re-
spectively, and the adsorption rate of PGA-based nanoparticles for Cu2* and Co2* reached 75.64%
and 82.35%, respectively. Therefore, nanoparticles prepared with bio-based PGA and CS as raw
materials have the potential to be used for heavy metal ion adsorption.
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1. 5|8

VR, WEDHREA RO S T 80%LL b, HhEsRisa, ca/™mdh r AR,
FEEm T REZFNRRE]. BB PY. CoE, RIETZ, HAMBMESR. RS
R[2]. M ERARESRIGRNER, SUESEAERNKEFE, ERhE. Sm, BUmSaFE3].

FIRTIR B R BRI . R i A e A 9 A B < SR 15 e /K AR O W LR — ik (4] el Pt i
I PR R e D S (R AN ZE [l 2 IR (5] SR IR 6 75 2 L SRV 11l 46 (0 58 L0 L s Joe i/ 2 74 M B (PVIP/A Ac)
SRR BRI W B <2 AR MR PR (6] W FERWIIT R AR IFURHIN AT 4E 3R . e Rl IR IR A 5
B BNARIIOREL « 7K BRI 55 IS T 7K A o B < Js OB, 1t 7= it B e PR L SR IARORSE A 1271 (8] [9]
P-EBAIRPGA) A G Z ANl R AL A 2 R B A 1, AEMEE RGNS 7K A B4 5 T BT A5 RE[10].
PGA [FRIETT S CS S5 11 A A4 i i e R A Y 5 7 e RO VA AR VE o BRI L WRBRIPE SR 11] [12]0 A
PL PGA. CS 5 42EM, B = RBEFRAN(STPP). PVP 1 NEE &7 5 Fa e I 4 AR 0RL,  RRECAT Hh IR
Bt Cu®™. Co™" S HEME T, NI PIEAAR, HWAGORFRE, LR LRI 50T RIS LA
fifto

2. SELRERSY
2.1. RIS {LE

»-RBREIR(T T8 200 J Da)Fg i FF I AEMRHE B R A F; TR ABEE 95%) B+ TRFERA
Hly BOIEMIE R . =R, REERE . RHEREN . VK ORI 254 FAL A AT TR A
UV-765 L4606 E R T AR AT TG-16G &if B O ALE M 415 8 38 A TR A 7 ;
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MS-3000 5 /R SCHOERLIEE 73 HrACSE B Ly R SRR AT BR A 75 BGZ-140 FUR AR R A P a LR A AL
AIRAF .

2.2, EHEEE

2.2.1. PGA EGRBREIZ 5 A

PRI — € o1 & (1) STPP AN E 25 B 17K A S | B v, AR E— 5 1K CS N 1% 1R 45 A o i o]
B CS W, =iRPHEK, # 8 24 h & H. FRE—EER PGA 1 PVP A Z % &1 /K i ik
PGA-PVP il ¥5e BB E T 80 mL Fef i, Rilbet B T H B iR mL /i #E4% b, 4 STPP AN
PGA-PVP FIR A R IBE R INE CS Wit EE W B AR, f#E B EEANREDE,
FI AL 1. Bk BB LE 10,000 r/min 2.0 30 min J5 1% T 3R1GFE

[ PGA PVPW ‘ STPP ’

Figure 1. The flow chart of the preparation of
polyglutamic acid-based nanoparticles

1. BARRRENRNAH &RIEE

2.2.2. PERXE
1) PGA W& &0 48 K RIURL TV 13 14 5 Wi
TRA P EE] STPP IRFEN 0.2%, PVP IREE N 0.2%, U4 PGA IR FEH LA AN 0.1%-0.2%- 0.3%-
0.4%- 0.5%, 43 AIACAR L & AR PGA WRE TR AR, TEANFIMREER CS R 7 A A R
PHRE, THE PGA/CS K& L.

2) STPP I FEE TGN KRIURE T B 52 1)

TRA AR 6] PGA IKFEN 0.1%, PVP IKFEAN 0.2%, B074F STPP #KFE/3 7N 0.2%. 0.4%- 0.6%-
0.8%- 1%, ZrAlECHl ARG, 1E CS W43 5l AAS R B2 (VR SV, 1HE PGA/CS 15
mi.

3) PVP I FEXT G K BIURE T2 1 1) 5 i)

TR PGA WKEN 0.1%, STPP IRIEN 0.2%, o448 PVP 3K 31N 0.2%. 0.4%- 0.6%-
0.8%- 1%, Z3AIECHI R T AR GV, 7E CS i 20 mli AN A R BE IR S, 1 PGA/CS 15
=,

4) CS IR X Gh KFIORL T B 4] 5 1)

IRA TR FEH] STPP IKIE N 0.2%, PVP IKIEN 0.2%, PGA WKIEN 0.5%. KR AR BTN
FEH 0.01%+ 0.02%- 0.04%. 0.06%- 0.08%- 0.1%[f] CS AW+, WETRA AWM, 8 VR TR
SRR BT T R

2.2.3. IE3ZSEgit
FE DR R IR B, BT DY R = KPR IE RS S8, AR i K BRI R dE br it AT 156, 1% Lo(3%)
B, REAKFEREI
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Table 1. Orthogonal experimental level factor design
1. EXEHKFERRZIT

PGA % (%) STPP ¥ JE (%) PVP ¥ JE (%) CS (%)
0.4 0.1 0.1 0.02
2 0.5 0.2 0.2 0.04
0.6 0.3 0.3 0.06

2.2.4. GRS

FRE— 2 Jo B 1 45 1 1) PG A G K RIORE IR 7K W, ) FH S R SCAR K REAR WO 73 BT AL He-Ne WO 4%
(633 nm), HUFREI A E N 90°, TEEEN 25 CHRIZMET, MIE PGA KBk KIE R KRR (Z-Ave)-
A2 A (PDI) M e TH HLA(Zeta), “PAT =IREEAT S8 204137

2.2.5. LI9MRAE SR
) FH A8 L R 2T AR A KBr Fe F 255 JEORERTR T J5 IR g oK kL I 20 b e il 47 R . REESR N :
25CTF, Bl4em ' ¥i%, ££ 500~4000 cm ' BEEGEEAN, 32 ), BaAMEREE.

2.2.6. KBRMHEER

1) Cu™"\ Co* Fnifk £ i 7 7

Ay MIECHIAE N 0.01. 0.02. 0.03 0.04. 0.05. 0.06+ 0.07 mol/L f) Cu® V&, TEPEK Apax = 804 nm
AR AR, B S IAR AT R S, SRR . [FEE, S RIEHIIRE RN 0.04. 0.06. 0.08
0.1. 0.12, 0.14. 0.16 mol/L [¥] Co™ WL, M 5E FAIIT B Amax = 512 nm ALIIROEAE, FELETEEIIA[14].

2) YGKIRLN H 4 1R BT 9

I 100 mL ¥R 0.5%(1) PGA GKBURLK IS, NN E &8 I Bl — E VIR A, BT
J14iESE E L 200 t/min KR FERERE 4 h 5, I 0.22 pm SEREEUE[15], ERP 2240 60 BE VI RO
AR s 4 1T 288 S T H IR O 0o o7 (1 B R UK P, AR VA AT R R 5 R B i DA R 2 A T B R B
[16]. WRFHFZ[14].

3. BER5VHE
3.1. BES4AR R AR TR RE O M
3.1.1. PGA 3K B S 4K BRI A B 520

—=-CS0.01%
08 —8—CS 0.02%
—A—CS0.04%
v CS 0.06%
07 L | “#-csoos%

—4-CS0.1%
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Figure 2. Effect of PGA concentration on nanoparticle formation

B 2. PGA KRB X AR FRLI B B 72
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HFE 2 AT, 24 PGA RE N 0.5%. CS #KE N 0.01%0F, PGA/CS K& LA B & KME, N 0.75 g/g.
2 PGA WREAARET, CS R H 0.1%F£1K8 0.01%KT, PGA/CS Jii & HLBOK, X &Y CS #EH 0.01%
i, PGA & KEMKRIEE, PGA MIMINAEDE Z (P < 0.05) miR GRSz K, S RA BRI K R
[17]o "R/KZ MR, PGA/CS JRE B, PORBRIERERE . AEYPRIR R E RS, HOERF
PGA HIKFEN 0.5%.

3.1.2. STPP FREEX K ORI A B9

B —=—CS0.01%
0.20 —8—CS 0.02%
—A—CS 0.04%
—v—CS 0.06%
—4—CS 0.08%
0.15 —4—CS0.1%
~
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Figure 3. Effect of STPP concentration on nanoparticle formation

[&] 3. STPP iR B XF 4K BRI Ak B 2201

m P 3 AT%0, PGA/CS i B ELAE 0.04 g/g~0.20 g/g 2 ], B STPP IKEMIAKI N, PGA/CS Ji
EEEIH PR, 78 STPP KN 0.2%0F, PGA/CS i thik & K{E, N 0.2, STPP ikEXT
YR IFURL FPRLAR KN B (P < 0.05)52M0, 3X 42 K 2 STPP BB 25 15 CS BRI BH 257 B % K
AR AT IR T PR RORE, 4 BB iR B S P B IRk FE R i, S &) STPP X 4K kL kL A% JF
TCRCKMIREm[18]. Wikt STPP HIKEHN 0.2%.

3.1.3. PVP 3R B SRR BRI 7 af RO 20

0.20
o8 T . —
—m-CS001%
—8-CS0.02%
0.16 - —A—CS 0.04%
= —¥—CS 0.06%
2 —9—CS008%
o 014l —4-CS01%
]
(@]
<
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o
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Figure 4. Effect of PVP concentration on nanoparticle formation

& 4. PVP 7K FE STEMK Bk 2 B BY 20
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&l 4 BT, BEAE PVP MR 390, PGA/CS [ &t AR RILH FREMIE S, (H24 PVP RN 0.4%
25, MIZEEA T T2, £ PVPIKIEN 1%, PGA/CS IR ELIARf/ME, N 0.12. 24 PVP IKEEBIK
B, TRAVE R AR BEEUIG, RITK ST HEUN, /2 BOR FERUR, 7R AHHL R T8 4K O 2 A 2 5D,
i ¥ [0 AH ELRERE FRIHL 23 /0N, AT A R 9 K R R AR )N, TR A TR R IR E[19]. HUER: PVP
WEN 0.2%.

3.1.4. CS iR E SRR BRI B B 20

TRE R 6] STPPA)KREE N 0.2%, PVP(D)KREN 0.2%, PGA IKIE(C)N 0.1%. BHRAHERT
FEANIRE N 0.01%. 0.02%-+ 0.04%. 0.06%- 0.08%-. 0.1%[] CS(B)IAEM T, MR A 1 B 4 1]
5 PR

0.2%
0.08%
0.1%
0.2%

Figure 5. Effect of CS concentration on the amount of nanoparticles formed

5. CS K E SR BhL 2 s 2 A 52N
mlE 5 ala, BEE CSIKERR I, RAEERMB ORI, BERBA, ISR ER L,
{H24 CS WRIFLE 0.1%0, LRI BRRAREOR, Gk BRia B EE R4, T ENRERF, HET
JE A S PEAEUTE, T CS IRFEAE 0.01%0), 1A Rk, 7EEN TRk Bk, mHAEZK
FE TR TR R A FE 52 [20]. Hok e CS WREAE 0.02%~0.08%2 [H] .

3.2. IE3ZSCIRLER 34

Table 2. Orthogonal experimental results
2 EXFWER

Fa PGA(A)/% STPP(B)/% PVP(C)/% CS(D)/% Fif8/nm

1 0.40 0.10 0.10 0.02 3225
2 0.40 0.20 0.20 0.04 419.4
3 0.40 0.30 0.30 0.06 567.4
4 0.50 0.10 0.20 0.06 433.0
5 0.50 0.20 0.30 0.02 345.4
6 0.50 0.30 0.10 0.04 435.0
7 0.60 0.10 0.30 0.04 311.9
8 0.60 0.20 0.10 0.06 598.0
9 0.60 0.30 0.20 0.02 296.2

K1 1309.3 1067.4 1355.5 964.1

K2 1213.4 1362.8 1148.6 1166.3

K3 1206.1 1298.6 1224.7 1598.4

k1 436.4 355.8 451.8 321.4

k2 404.5 4543 382.9 388.8

K3 402.0 432.9 408.2 532.8

R 34.4 98.5 69.0 211.4

LRI A3 BI C2 D1
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H7e 2 SEER LSRR, AORBRI RSN ERFR G, BIARZE AT AL, 52N AR UL TR R PR 25 1) o 22
JIGF RN D>B>C>A. Bl CSIREERK, FU CS HIT IR G BURIE B bR R0 K, STPP
RZ, PGA WIREEFMR/N, {2 PGA IRINEARIZIEZ, &K R EZHLE 2, 0 FEE
R AR TR 45 b ik Bia[21]. BIMER/NATHRL, SfEA AN DB ICyA;.

3.3. LISMKIESHT

v-PGA

CS

Nanopartigle

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber / cm’

Figure 6. IR spectra of y-PGA, CS and nanoparticles
B 6. p-PGA. CS FHRERI YL IMEE

6 NIEEL p-PGA. CS = g BRI AMEIE L, 3300~3600 em™' ALFIIRL I IE Ay O-H 1 N-H
M AEIR S, 1206 B BRI o8 FE AR ISR 5, LT DR 7 1) 26 4 -6 A P T 5 350 S 0 0 A K
[22]. 7F 2945 cm ' A AMEAT C-H BHZEIRENH . 7F 1645 cm ' 1 1583 em™' NEEIE3E - C=0 K45 IRSD
M, FAZA BRI, B p-PGA HIFREEAN CS AU LT 5 f /E I SE B B T 20 BE . 1085 em ™' Ab MR
Wby C-O M 4atiesh, It EZMRISg R A= 208, Ul B 9K ABURL IR 4090 18] R AR 1 IR R B ) AH ELVE F (23]

3.4. EGERMISH

AR S50 B 19 51 Cu™ B bRHE I 26 y = 11.336x +0.0034, R = 0.9998; Co™ IR IHIbn itk il 42y
y=4.5136x+0.0009, R*=0.9997, PifhE & mE FIRIZ &L R R, FE5LhER,

TERIG pH BB OL R, P RS AAERZ I HY, PGA JEYRRRIE AR PR, LT % P 5 R 2k
FEREW I TR 24], W S & RE TR LS WML, T DL G 8 B 7 X AR B 77
WeBE, HVEWR pH AL T R B M S A R R AR BRSS9 SKIBORE A SR B B AR 22, R
VAR b A I AT R <6 1 T L RE D A 7R 0 BT o RS SEIGAT Y, pHAE DY 6 I oK IBURE X H <5 Ja W ffy
RIKBR KU 3 PiR).

Table 3. The adsorption effect of nanoparticles on heavy metals
= 3. PARFKLN E &R HIRMZER
Cu2+ C02+
Cy (mmol/L) C (mmol/L) Q (mmol/g) E (%) Cy (mmol/L) C (mmol/L) Q (mmol/g) E (%)
780 190 236 75.64 102 18 336 82.35

4. &5ig
ARCLLPGA. CS NEEEEL, AN STPP. PVP ERNEESHSRER, Hl&gKkh. @ fEE
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XK BURLIE IR A RE R, DAIE S SR8 25 S HORLAR K/ NRTRLAR 70 A1, IFHERTT T PGA JEGHKRLNS 5 2
T Cu's Co” MRPIHFPERISEIR, b~ EA B, LA RE PGA Il CS SRR R & 1 40K BTk
AT UL E e B

E&WE

WA KRB AHTE S THRIGE s A A THR) (2021R421008) .
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