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(57) Abstract: Disclosed are a self assembling heavy metal adsor-
bent, and a preparation method and a use thereof. The adsorbent is
prepared by a concentrated water-in-oil emulsion process, where-
by a polyamine amphiphile having a plurality of active amino hy-
drogens, used as an emulsion stabilizer, self assemble at an oil-wa-
ter interface to obtain a concentrated water-in-oil emulsion, with
the active amino hydrogens being expressed at the oil-water inter-
face and facing a water phase; then the concentrated water-in-oil
emulsion solidifies to form a matrix, and the active amino hydro-
gens are substituted by acetate radicals, forming aminopolycar-
boxylate groups which are expressed on a pore surface of the ma-
trix. The adsorbent is useful for treating wastewater or soil con-
taining heavy metals. In comparison to the prior art, the present
invention involves expressing the active amino hydrogens at an
interface of the concentrated water-in-oil emulsion by means of
self assembling of the macromolecular polyamine amphiphile, and
during or after formation of a porous matrix, converting an amino
group into an aminopolycarboxylate structure have a high metal
adsorption efficiency. The synthesis process is simpler, the sutface
coverage rate of functional groups is higher, the adsorption rate is
faster, and the adsorbent is easy to regenerate.
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HEN NH W T80 (30mL) , AT SEEREgGKH Ml &R Cle (7.04g,
0.0235mol) , =im#itk 3 K, JEAERE), sCLZEYOEE T8, #HIa6E
& (9.92g, 100%) , 4N PEI@C16035 (0.35 TR 35%M R LB, T
[F) o ZMRARRM BRI & AR &, ST Mokt IEEdx.
CRREE AR I B A IR TR, ANE T 2. NON-ZHE IR R . — HOEAR. K& R
WAEEAR . X-GF 206 T RE1E (XPS) MR, % F 14 G R BE R 5Ch
C14(284.93eV, 83.18%), Ni(398.76eV, 9.66%), 014(531.94eV, 6.69%). HRiE N
JAT B R 73 2R PEL B0 N 35%, SHEHT&

(2) B AR B A B K5 28 (8.36g) FITRIRET (8.1g) 7K (300mL)
VR N BB SR 1 PEI@C 16055 (9g) HIFAELE (70mL) IEW, 291 /MR
55, FRARELHE 15 4r%h . BB B FLIAE 70-80°C #E B BTN £ T A 36 /T,

9
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KA R E B, WEDTE. 208 DK RR80n, 118, 175305 K
REAA . A ERAE TARATE A HUEALER .. XPS WA, A AWM AR
JEE IR 3 HUN C14(285.08, 288.70eV, 68.1%), N 1(398.63, 398.89, 401.26eV, 10.32%),
0,4(531.68, 530.38eV, 16.49%). HRIE N Fl O JF 1) EE/R /3B H PEL [5R H FE
1# 58.5%. %W B 74 Ay 44 4 PolyHIPE-1.

(3) & @ T . PolyHIPE-1 % Co®". Pb*. Cd™*. Ni*"f{j¥lFIHR b &4y
H4 102mg/g. 134.8mg/g. 159.5mg/g. 79.4mg/g. WL T-H#7E 80 438h N 58 ik, W
B 5l Sl F AR 4

FCHl T URD 68 B A8 ML MIZhIRIE SR 1. W 5.5 ZTHE&IEW, N 20
2 I B F7 PolyHIPE-1, 1 /N JE 283 sk Bt I R MU S 24 B (0.45 K FL)
U, DA RER O (ICP-ms) MBI &ERE, 4Rk 1, € N
BB I

F 1 B PolyHIPE-1 % ) LA 4 & B 1~ W BT CHAz: ppm) , pH=6.0-7.0
Co™ | Ccr" | Mn™ | Ni** | cd® | cu* | zn® | PO

WRERT | 15.3 10.2 13.9 112 30.5 496 7.3 31.0

Wb iE | 0.3 0.8 0.01 0.03 1.05 0.7 0.8 0.04

S 2

(1) BERPISEAE RS0 1, 3 PEI@C16¢ 350

(20 HURHIR 77 1) R

RN (1.8g) « Z M (0.36g) « R 7 T & (12 mg) « PEI@C16( 35
(0.24g, ~1.05mmol NH) V& & BiiAH . K57K (10mL) | s 2B (0.17g, 1.8mmol) .
TRIRET (0.5g, 3.6mmol) RAFAKAH . KA N SR ZIBEEE A, 20 438 N
Wot, RS 15 o, BEREIRFERLE. BERYEANRZIGERM S,
70-80°C #E B M 24 /N, 1REMATURL. WK BRI 2B 8%, T, iR
PolyHIPE-2, H/E&HAMHBEHEEWE 2 1 a Fiox.

FEARD: (A BEIRCEL) M R EA 46m’/g, LRSS BESAE 0.5-12
ke JAE GEE HREEI 5onm BAFFL) MAE LRI 1.5m%/g. SERRER A
1R AT BT s KT ok 2 A
(3) &) IRk

BRI N 0.49mmol/L ) Pb(NOs), /K, 7E pH N 3.0-6.8 18] (Pb* A2¥L
10
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%) LA PolyHIPE-2 W I, 45 SR ILAE pH Mk, VR BB, 76 pH 4 6.8 B X Pb*
(RO B e e R AT 3K 36mg/g . WP 7E 80 738 ik F,

3 5.5mL ) L4 & B T 2 KA, T2 0.12g PolyHIPE-2, 1.5 /N
JEnkyg, DLICP Mgk & @ik, 45 Rk 2.

% 2 B PolyHIPE-2 ) LA 4 & B 1~ W BT CHAz: ppm) , pH=6.0-7.0

Co*+ | Cr+ Mn*+ | Ni*+ | Cd*+ | Ccu™+ | Fe* Pb+

MR RT | 15.3 102 13.9 11.2 30.5 496 7.3 31.0

WS | 0.086 | 0308 | 0.003 0.004 1.28 0.32 1.30 0.004

S 3

A S 2, (H 2 fLEokA B LR 2R B | SR, 15 BP0k R B 77
PolyHIPE-3, RT3 2 #tir & @i, &5Run%k 3.

% 3 MBI PolyHIPE-3 ) LA 4 & B 1~ W BT CHAz: ppm) , pH=6.0-7.0
Co™+ | Cr+ | Mn™+ | Ni*+ | Cd* | Cu*+ | Fe'* Pb*+

WRERT | 15.3 10.2 13.9 112 30.5 496 7.3 31.0

M E | 1.1 0.3 0.46 0.06 2.55 0.99 0.24 0.05

SRR 4

(D BRI PEI@PSo s (15%Z =R 0G (PS) KifEb) & Fi.
FRIUHE SO B AR L (FROGTE 60°C T A5 TR B aT BEMRIS 1) S ALHK D (1.44¢,
0.033mol NH) #1445 (60mL) , AU H ks in 2K 245 (M,=4800, 23.76g,
5mmol, &S WL CHR: D Wan, J Yuan, H Pu. Macromolecular Nanocapsule Derived
from Hyperbranched Polyethylenimine (HPEI): Mechanism of Guest Encapsulation
versus Molecular Parameters[J].Macromolecules, 2009, 42, 1533-1540) , =g+ 4
K, LEEYE, BRIAGEAK (2528, 100%) , 4N PEI@PS 5. FTEMEA
R EREE TR R, &b PR 3 Dl S ek it isn, (HAE
N, N- 2 T g o 9 i 22

(2) WRINFRI6 B

R (45g) « ZZWHHETE (09g) « AR R TH (30mg) . PEI@PS, 5
(0.55g, & 0.6mmol NH) BEHEIHAH. KRR (0.092g,0.66mmol) JIA PB
(BIRZZ M 0.2M, pH 7.4)  (26mL) JEEUKA. K KA A GRELBEHE il Al ,

11
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20 JrEP IR SE, ARSEEEE 15 08, TRECERIRRE LI . KB RWE N 245 AR
PR, 70-80°CHN# 24 /NEF, REARTURL, KK DLIKFI ZBEES, BT. &N
PolyHIPE-4.

UL PolyHIPE-4 W [ )&, SR T-SCtifsl 2 BhAT & @I b, £ 4.

= 4 W5 PolyHIPE-4 Xt JLM 4 & & F IR (BA47: ppm) , pH=6.0-7.0
Co™+ | Cr'+ | Mn™+ | Ni*+ | Cd™+ | Cu’™+ | Fe'* | Pb*+

WRERT | 15.3 10.2 13.9 112 30.5 496 7.3 31.0

Wb G | 034 | 0.19 1.46 104 | 468 | 282 | 038 0.34
S 5
(1) MsRURFESEREE) 1, N PEI@C16g 350
(2) WBRBIHFIE . B (500) « ZZEERE (10g) . HE-HF
T (0.5g) . PEI@C16435 (9g) IREAGHAH. KK (300mL) . H IR (9.83g,
0.104mol) . FKEREF (9.2g, 0.067mol) JBETERIKH . 7K AL NG ZUHEFE 1 il
H, 60 ZrBh N TE, AREEHEE 15 708l TERCEIRSBALI, pH N 9.2 K E R
e N SRR, 70-80°CHE BN 24 /NI . INEE] 10 /NI A2 4 AT E B &R
AL, I BRI FOIR A . 24 ANNEIIOKEEE, REINBCRE, BN RIREE IR
Ak, JEAULNE, FULEEVEE IR, M. drd48 PolyHIPE-5. — M BUAURE A,
R E B 2 H b Fis.
HE AR E L RN 53.5mYg, RAEENR LRI N 1.4mYg.
(3) EE&EW. # PolyHIPE-5 $ it & Pb(NOs), /KiEW (0.49mmol/L,
pH N 6.8) WK BRI B d% i N 39.5mg/g. WP 7E 60 200 NIEE,
A1 PO™ 45 (5.5mL, KJE 31ppm) HFEA 0.12g PolyHIPE-5, 1 /Ni})E
RLyE, DLICP ME K Er bR B, 4559 0.004ppm.
(4) HALELZHH
I BT 58 1 5 OB B 57 PolyHIPE-5 B T HCL /Ki&E# (5.5mL) , pH A 1 £
A, 2 45 8, DA 045 oKL R R Gt 8, S8 G Pb™*
PLICP &, B EIAT] 99%. EE L ERIFE 10 ¥k, MR I =475 N 39+1.5mg/g,
BB TAE K P %R B AR AE 0.0120.006ppm, 5 15 22 Y [ P 2k o oA kA2 284k
STt 6-8:
FESZHM 5 F, MUK pH M 9.2 THE] 7.5 11 8¢ 12, ZRUEME, B3IBEIR

12
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WK 47 PolyHIPE-6. PolyHIPE-7. PolyHIPE-8.

S5 9:

SR 5 3, FKAAIN AR Z R, RAMRAE, 45 R A3 B PK[E {4 PolyHIPE-9.,

S 10:

FESEHEM) 2 &1, LA PEI@C160, (PEI 41 15%MIZ RSN Cl6 Lidtir) A%
PEI@C16 35 RUURAE, K1F 2 LYK} PolyHIPE-10.

SR 11

%5 1,6-2 =il (0.9g, 12mmol SH) . Z= % VU R 4% A FE ik (0.704g, ~6.6mmol
WA . AR R (0.35g, Smmol AL  HEA R T (1.64g,
10mmol) Fl PEI@C16420(0.6g)1) 1,2- "5 4% (2.8mL) #FHFFamAIBiHE,
RIS & 2 (10mmol) + BREEET (9.5mmol) 7K (25mL) ¥EW. 15 7507
58, YRERBEHE 10 2. IRFLWAE 70°CIn# 36 /NI [EAR S5 AR 22 3,
WL ST, 15900k E1E PolyHIPE-11. A Po* 4 (5.5mL, ¥WKJZ 31ppm)
N 0.12g PolyHIPE-11, 1 /N5 DASIE B4R 3E, UL ICP ME K R aT IR E
#5159 0.008ppm.

AR PRS0 I A7) PR 3R e g T 12 A AR AU ) S A R N O3 B e A Ok
W] o BARAAIIE AR 19N 2 SR AT LLZE 5 Hb X i e sz 4] i o 45 A B B, IR B
W0 1 i J 38 2 P 31 LAt St 5 o T AN e 2 ik G 1k (1 55 Bl DRI, AR WTASER
T IR, AR N GARIEA K IR, ANB B AR 2 W] % i s 1 24
BEMUE A SLZAEA K W I ORAP G 2 N o

13
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BA ZE R

1. — M EHARESBRMAIRR S, R T, 27 R
IR FLIBL, PR 2 M IR AR AN 2 B st A AL E ], LA E
FULEM K I H A%, AR ER A, HIiSREAEERIAE MK, Hi
KA s < JE ALK B AL B AT R 5, TR RS SRR A, TR A
ZRIRIER], FERAAEE LRI

2. MREEACRIZLSR 1 BT IR ) —Fh 5 2038 B 48 BRI Hl & i, HARIEE T
JIG 15 2 b By BAE B A B U o, TR G SR

3. ARIEBURIE R 1 Brad () —Ff H 20255 E &8 BRI h & i, HARIEE T
ZITEAFE DL B RR:

D &b B KB FL: AL E R RIS, SR ERHE T IAK
H, AR EI0 ALK R LI

2) FEEWRBUNFAGAT T RBL, AL BT AR T, RIS TR 2 B A /KA
H ZIRARIAR, T B2 RIRAEE], 153 [E AR

3) SFEAMEIEAT G, BB BT (0 B 771

4. MREEACRIZSR 1 BTIR ) —Fh 5 2038 E 48 BRI H & i, HARIEE T
ZITEAFE DL B RR:

D &b B KB FL: AL E R RIS, SR ERHE T IAK
H, AR EI0 ALK R LI

2) TEZEIRmBUNFAGFAT T SO, A AHE AT ek ot , 79 3 B 8

3) K EAARENZ NS SRR KIS HEAT SR, 5 VR 28 R A KA W
(K ZBRIRIAR, TE R 2 R IR AL ], RIAS 2 HTId (R W B 771 o

5. ARAEBCFIER 3 80 4 PR 5 2025 55 4 Je W B R0 il 46 i, JLARRAIE
T, R D, SIS IR ARG, FENRA WA, Bk ry AR
SE ALV A MAE T A R B A 20 BN 5-49%

6. ARIEBURIE R 1 Frad (1) —Ff 3 20 2% E &8 BRI hl & 5, HAFREE T
FTIR 1) SRR B A S BRFR A, FITId (1) i AR IR 1) R 7K B 2 P s R vh B R
IR 1-4 5,

7. ARIEBURIEL R 1 BT ) —F E 2025 SR R BRI &, HARIEE T
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FITiR (R 70CHE AR il 0 7K I LU AR AR (1) 74%

8. —MHARESEWRMNGT, HAFAEET, ZRINFIERHA BRI ER 1 frid
PRI 7 3 00 6 T o

9. MRIEBAIER 8 Frik ity —Fh 5 A B & R M5, HAFEAE T, SR
H, ZREPSRAERTAEYIN 701 = 1000,

10. —FPUnBCRIE SR 8 Fridk ity 5 H 2 & B MM T, A IEAE T, g
RIRR BRI 5 B e 1 R K B L R (1 A
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