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Figure 1 Reaction principle of crosslinking polyamide amine
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Table 1 Crosslinking of polyamide amine reactants, solvents and dosages at R=1.25, T=25C
i MBA/g AEPZ/g el Eag! W/ g PV BE (TR EO / %
1. 25-25-M-1 0.18 0.12 FH 10 2.9
1. 25-25-M-2 0.31 0.21 P 10 4.9
1. 25-25-M-3 0.48 0.32 FH 10 7.4
1. 25-25-M-4 0.72 0.48 FH 10 10.7
1. 25-25-M-5 1.08 0.72 FH i 10 15.3
1. 25-25-M-6 1.68 1.12 B 10 21.9
1. 25-25-M-7 2.16 1. 44 B 10 26. 5
1. 25-25-M-8 2. 88 1.92 R e 10 32. 4
1. 25-25-W-1 0.18 0.12 7K 10 2.9
1. 25-25-W-2 0.31 0.21 K 10 4.9
1. 25-25-W-3 0.48 0.32 K 10 7.4
1. 25-25-W-4 0.72 0.48 7K 10 10. 7
1. 25-25-W-5 1.08 0.72 7K 10 15.3
1. 25-25-W-6 1.68 1.12 7K 10 21.9
1. 25-25-W-7 2.16 1. 44 7K 10 26.5
1. 25-25-W-8 2. 88 1.92 7K 10 32. 4
F2 R=1.25FRMEBE IT=50C TXBEBRERNY . ZFREAE
Table 2 Crosslinking of polyamide amine reactants, solvents and dosages at R=1.25, T=50C
i 5 MBA/g AEPZ/g T e A ERN /g MR (BT 4280 / %
1. 25-50-M-1 0.18 0.12 FH 10 2.9
1. 25-50-M-2 0.31 0.21 P 10 4.9
1. 25-50-M-3 0.48 0.32 FH e 10 7.4
1. 25-50-M-4 0.72 0.48 FH 10 10.7
1. 25-50-M-5 1.08 0.72 FH B 10 15.3
1. 25-50-M-6 1.68 1.12 e 10 21.9
1. 25-50-M-7 2.16 1. 44 FH i 10 26.5
1. 25-50-M-8 2. 88 1.92 FH 10 32.4
1. 25-50-W-1 0.18 0.12 7K 10 2.9
1. 25-50-W-2 0. 31 0.21 7K 10 4.9
1. 25-50-W-3 0.48 0.32 7K 10 7.4
1. 25-50-W-4 0.72 0.48 7K 10 10.7
1. 25-50-W-5 1.08 0.72 7K 10 15.3
1. 25-50-W-6 1.68 1.12 7K 10 21.9
1. 25-50-W-7 2.16 1. 44 7K 10 26.5
1. 25-50-W-8 2. 88 1.92 7K 10 32. 4
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Table 3 Crosslinking of polyamide amine reactants, solvents and dosages at R=1.5, T=25C

e MBA/g AEPZ/g R A R R/ g PR M (R8O /%
1. 5-25-M-1 0.18 0.10 B 10 2.7
1. 5-25-M-2 0.31 0.17 Ll 10 4.6
1. 5-25-M-3 0.48 0.27 R e 10 7.0
1. 5-25-M-4 0.72 0. 40 FH e 10 10. 1
1. 5-25-M-5 1.08 0. 60 T 10 14. 4
1. 5-25-M-6 1.68 0. 94 i 10 20. 8
1. 5-25-M-7 2.16 .21 B 10 25. 2
1. 5-25-M-8 2. 88 1. 61 e 10 31.0
1. 5-25-W-1 0.18 0. 10 7K 10 2.7
1.5-25-W-2 0.31 0.17 K 10 4.6
1.5-25-W-3 0. 48 0.27 K 10 7.0
1.5-25-W-4 0.72 0. 40 K 10 10. 1
1.5-25-W-5 1.08 0. 60 K 10 14.4
1.5-25-W-6 1.68 0. 94 K 10 20. 8
1. 5-25-W-7 2.16 1.21 7K 10 25. 2
1. 5-25-W-8 2. 88 1.61 7K 10 31.0
R4 R=1L5REEET=50C TXBKEBERERIEY . BFRNRAE
Table 4 Crosslinking of polyamide amine reactants, solvents and dosages at R=1.5, T=50C
95 MBA/g AEPZ/g R BRI/ g LA BE (i H0 / %
1. 5-50-M-1 0.18 0.10 e 10 2.7
1. 5-50-M-2 0.31 0.17 FH B 10 4.6
1. 5-50-M-3 0.48 0. 27 g 10 7.0
1. 5-50-M-4 0.72 0. 40 g 10 10. 1
1. 5-50-M-5 1.08 0. 60 i 10 14. 4
1. 5-50-M-6 1.68 0. 94 FH i 10 20. 8
1. 5-50-M-7 2.16 1.21 FH it 10 25.2
1. 5-50-M-8 2. 88 1. 61 e 10 31.0
1.5-50-W-1 0.18 0. 10 7K 10 2.7
1.5-50-W-2 0.31 0.17 7K 10 4.6
1. 5-50-W-3 0. 48 0.27 7K 10 7.0
1. 5-50-W-4 0.72 0. 40 7K 10 10. 1
1. 5-50-W-5 1. 08 0. 60 7K 10 14. 4
1. 5-50-W-6 1.68 0. 94 K 10 20. 8
1. 5-50-W-7 2.16 1.21 7K 10 25. 2
1. 5-50-W-8 2. 88 1.61 7K 10 31.0
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Figure 2 The hydrogen bond mechanism of polyamide amine
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Table 5 Crosslinked polyamide amide gel time and gel fraction under different conditions

%5 BRI 1)/ b BERER/ % 92t
1. 25-25-W-4 20 81. 96
1. 25-25-W-5 10. 5 79. 14
1. 25-25-W-6 4.5 91. 41
1. 25-25-W-7 3 93.55
1. 25-25-W-8 2 92.95
1. 25-25-M-7 66 84. 34
1. 25-25-M-8 55.5 91.38
1. 25-50-W-3 7 80. 01
1. 25-50-W-4 3 84.83
1. 25-50-W-5 2 84.62
1. 25-50-W-6 1 90. 88
1. 25-50-W-7 1 91.77
1. 25-50-W-8 0.5 93. 25
1. 25-50-M-6 12 86. 28
1. 25-50-M-7 9.5 91.91
1. 25-50-M-8 6.5 94. 88
1. 5-25-W-4 24.5 78.51
1. 5-25-W-5 20 78.18
1. 5-25-W-6 6 84. 87
1. 5-25-W-7 4 87.04
1. 5-25-W-8 3 91. 66
1. 5-25-M-7 70.5 72. 86
1. 5-25-M-8 61 80. 06
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1. 5-50-W-5 2.5 83.10
1. 5-50-W-6 1.5 88. 88
1. 5-50-W-7 1 90. 75
1. 5-50-W-8 1 92.09
1.5-50-M-6 13.5 79. 89
1. 5-50-M-7 12 86. 86
1. 5-50-M-8 9 87.56
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Figure 3 The viscosity with time development of sample 1. 25-50-W-6 solution at 50°C
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Figure 4 The gel time comparison at 25°C, R=1. 25 Figure 5 The gel time comparison at 25°C, R=1.5

14 14 .
12 . 12- , I
i N\ —=— Aqueous gel time AN
Aqueous gel ur.ne . \ 104 —*— Methanol solution gel time \\
10+ —e— Methanol solution gel time \q \
% N x\\ < 8
£ N\ £
5 64 ° 3 6
&} 8 .
4 4 \
2 \\‘_-\1 2 \
—
0 T T T T T T \ 0
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
simples simples
[ 6 50°C ,R=1.25 i 5 Mt Rz iz S5 B Ak ] A9 %o HE Kl 7 50°C.R=1.5 W3R MMM EE B I ] 194 L
Figure 6 The gel time comparison at 50°C, R=1. 25 Figure 7 The gel time comparison at 50°C, R=1.5
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BH SR s R, NE S AT LIF LR =1.25 Fl R=1.5 &4 MK 5 AT LU LB, B 9 7T LI i,
R=1.25 M1 R=1.5 %A = MH5 ] UB EENE , F 5 500 T . R=1. 25 WEEREIT /N T R=1. 5 Y &EIK
BFE], MBI AR R = 1. 25 W BERCR LR S & T R=1.5 MEEKE KR, XEHR I R=1.51
AEPZ i tL R % 254 T R=1. 25 1y AEPZ By i/, 1 MBA 19 £k} 502 41 R 0, B A e 04 5 Rz 1%
PER TAARHY . 24 MBA 5 AEPZ i, MBA H R #8431 C = C WU FI AEPZ B9—NH [ b, i i
C = C AEEF-—NH, FBE—NH, #J5F# 4 C = C AUV A NH 520 A= R - 24 K 4T 2 —
SE TR PE R, SO RN, 2 () 67 BEL3G K o0 7% 1 22 Ik A 2%, 5 B0k B shRE s L i C = C IR
BERA—NH N, 24 R=1.5 0, F4&H C— C W (n=1moD ZF R=1.25 Fl4H C — C Bk
(n=0. 5mol) , If LLEE I U , R =1. 5 MY A S i B8R A2 Wk 4 T4 2 T R =1. 25 9, I, R=1. 5
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M EERSR/NT R=1. 25 MEEIRE, HAMNER RN 2R BT B FYEREMBE.R=1.25 W8 E
REJE R 2. 45,1 R=1.5 W-FHHREE N 2. 40, F Y B RE MO B R KL T L R=1. 25 &I K
FTR=1.5MEKE, Fi.HR=1.5H&EKENGEN,MH R=1.25 Hl &EKEEEN .

100 A— R=1.25 Gel fraction 4100 1004 4—R=1.25 Gel fraction 1100
—¥— R=1.5 Gel fraction A —¥—R=1.5 Gel fraction 4 -
_— A y—Y
80+ T ov s 80 v T s
~ = -
—8— R=1.25 Geltime NN = T
< 604 . 160 £ = i 160 =
\g —eo— R=1.5 Gel time \ R > - S
-5 g £ E]
= ha = £
,:_3 40 140 é; g 404 140 :’
—®—R=1.25 Gel time
20 120 20 —®—R=1.5 Gel time 120
aT——e
0 0 T nh__h.:\\::v 0
RIS A A AT Ay o T T T B A T
simples simples
P8 25°C iy £ it B8 fie I 1] 18 fig e 9 50°C I 2% b & e B [ B e %
Figure 8 Gel time and gel ratio of each sample at 25°C Figure 9 Gel time and gel ratio of each sample at 50°C

2.3.3  PAURHRE IR X B AR NFE 6 T LUE LR R EE IR L (R = 1. 25) R FI 2RI R B
Ve BE AR A I 00 o Fh T B A v B R[], 5238 1. 25-25-M-1~1. 25-25-M-6 7E 72h PN AEBEME 17 1. 25-25-
M-7 Fl 1. 25-25-M-8 {15 i B () AS T ki 2>, 8 S 8 AN W b T, 30 1 55 S MR v BB RAIR, R A W HE LA
T B2 % 1) 3% B2 ) 2%, R REA AU AL BB RN 4y 7 R ORI USEIR . 4 AR VR B A 31— AR JE I L BB A%
TE S » 3 2 H T AR U B A A R R 1 3R B W TT LU A B8 1 3 2 4 A s A R A T I
ZOY L EENG . [FIEL, 7 AL,

x6 HEEBRF BEERILT BSCHLTBEREREBRERER

Table 6 Crosslinked polyamide amide gel results at 25°C in the same solvent and monomer molar ratio

g5 LR B (R S RO /6 HEREIT ] /B BEREAR/ %

1. 25-25-M-1 2.9 oo

1. 25-25-M-2 4.9 oo —

1. 25-25-M-3 7.4 oo —

1. 25-25-M-4 10.7 oo

1. 25-25-M-5 15.3 o —

1. 25-25-M-6 21.9 o —

1. 25-25-M-7 26.5 66 84. 34
1. 25-25-M-8 32.4 55.5 91. 38

TE B PRVR B 32, 4 04 B BRI U AE Z IR T BRI 15 00 - Ron i T2h SR ROAR WA BERL s —  Rn A BEI R

WA, Fe 6 FIFK 7 R TTLAE I TE R S5 SR L 50°C Al BRI I ) 20 T 25°C BY e I 1A . H. 50°C Y
WK T 25°C WY BE SR . 3% 2 i T 5 w8 T AT DO bR S 07 R 75 856 M B () 45 e, S Ny B T 4, TR Ik
50°C HY BE ISR ME R T 25°C 1 BE KR .

PRIt s AR AR 43 A FRATT AT LAAS: 300 0 25 55 o0 0% 2R Mgk e i 5 1 B A 2% 1 Ry < B R LE R S 1. 25, B
TRV B 2296 .27 % .32 %, RV BE R 50°C , HHEE A Y h mT A4S 2158 & TP 275 00 £ 174 2R Tk e e 58 e
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Table 7 Crosslinked polyamide amide gel results at 50C in the same solvent and monomer molar ratio

%5 LR B (RN RD /% HERET ] /h BERER/ %
1. 25-50-M-1 2.9 co
1. 25-50-M-2 4.9 co
1. 25-50-M-3 7.4 co
1. 25-50-M-4 10.7 oo
1. 25-50-M-5 15.3 co
1. 25-50-M-6 21.9 12 86. 28
1. 25-50-M-7 26.5 9.5 91. 91
1. 25-50-M-8 32.4 6.5 94. 88

TE SR BE S 32, 400 i TP VR AE B3 T B IR AR s o0 - R 5 72h SR ARIR A BEMG s — « R A BERER.

2.4 BRMYFEHRIE

5 1. 25-50-M-8 2RI WL 114 3R Mok i e , Io% 2  0) R R B 1y B4R I i FE 20 A3 14

El 10 7R 8 PAMAM MBA Fl AEPZ W £LA0M& B . £ AEPZ IZ0AME B F,3341em ' 1) 98 3 4
—NH, .—NH M 45 IR Wi, 1556em ™" &—N—H 1925 fh & 3 fl—C—N 19 81 45 % 3 (10 41 & W
Wl s 7E MBA 3% Bl 1, 3304em " & NH (9 ff 45 3% 2h Wi, 1654em ' 2 BE T T 41 19 4 46 I o) 0
1615em ' J&2—C = C WM 4 IR S I b6 . 1554em ' JEBERE 11 45 (0 1 45 3% 3h % . 3069em ' JEBEAE 11 4%
FFE ARG , 1227 e 2 Wk Jie TIT A (9 W i 0% s 76 PAMAM Z04ME% K | ,1613cm ' &2—C = O W M4idEsh
W, PRl SV TS B0 IR 0 6 B8 By DGR R v )iz A T i AR SR A i — FUBE, 1505em T R kK 1T A
)i 45 41 Bh 06 L 78 P I 2 [A] Y —C — C WU 2% [ i AEPZ 3% € v 3341em ' [ K S8 7E PAMAM
TG |57 Ry A5 B /N B W S g 3246em 'L BE I MBA il AEPZ & A= LW, 48 i PAMAM, % &b, 78
PAMAM K& E 2354cm ™" & CO, AYZR 0, %845 8 T,

— PAMAM
*"'"“““W\\N' /(,,/\_._._ —
Yo/ WA S
3246 1613 —J4 \l
505
disappear
-~ MBA
3069 L m1227
1615
3304 1654 1554
— AEPZ

3341 155 1454

4000 3500 3000 2500 2000 1500 1000 500

W ave Number(cm'l)
B 10 PAMAM.MBA F#l AEPZ (%41 5 &l
Figure 10 FTIR spectra of PAMAM, MBA and AEPZ
AT — Ak S R 1 AR SR bk W e e B 5 B 4 ) SRR AR AR L AR SCIE T A SR B S S AR
B TEHLER LiBr S BF 58 Hoxb ik 2 ag sz ma™ . Ik 7 m A 10% B9 LiBr 89 PAMAM F1K I LiBr Y
PAMAM WZLAMEIE i E 11 frR . SER 25 R 247 PAMAM Rl A 10 % /9 LiBr B, 44~ W ki
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BT B, o, —NH W ig d 3246em ' # 313 3254cm ', —C = O 11 4 9§ 3h 1 1
1613cm ' #3803 1643cm ', —N—H (& fii Iz h M1—C—N B9 48 = 2 19 4 A& W i g i 1505em ' 8
3 1536em ', FRAFIFRVLIMA LiBr 5, PAMAM i fie 55 41 F11 4% 2 e 22 0] 1 05 AH B 4F 1)
557 5 DA T S BRI 168 1] 25 06 137 B8 3

—— PAMAM+10%LiBr

4000 3500 3000 2500 2000 1500 1000 500
Wave Number (cm™)

Bl 11 fmA LiBr i) PAMAM MR AN LiBr ) PAMAM 2150
Figure 11 FTIR spectra of PAMAM with LiBr and PAMAM without LiBr

2.5 BREMFEAKE

T A T G 1 T 8 S AR5 L B PR 1. 25-50-M-6~ 1. 25-50-M-8 1l £ 1 % e 5 A full-IPN 45 — % %%
R 5 25 B g i . BRI A /NI T i = AR S T Tk 3 AR AR B T TR
AT AN ] AR UK A 44 9 PAMAM-1, PAMAM-2 il PAMAM-3, Bl PAMAM-1 4 SR % 5% 2 4 1. 68g
MBA.1. 12g AEPZ 1 10g B, %F 5 4 5 1. 25-50-M-6; PAMAM-2 ) S K IE W 2>~ 2. 16g MBA
1. 44g AEPZ 1 10g W B, XJ 1 2 5 1. 25-50-M-7; PAMAM-3 {4 B 4K %5 W& )% 4> 4 2. 88g MBA., 1. 92¢g
AEPZ Fl 10g H i, XN 45 1. 25-50-M-8,

R JE T i IR R VA K ot FE R R 5 T PAMAM-1.PAMAM-2 fl PAMAM-3 WK%, %8
Shy ¥ B 1 Tl S R B VR ) O R 3 L B A PR AR e Y O TR BV B AN [ L T A O I 1 K Rt AN TR
T8 J0E 110 V5 T 23 RN SRR} o LA W W A M O R A ik % PAMAM-1>PAMAM-2>PAMAM-3,
&R AR B S Bk R b A AN I S R 15 W N A AR IS N s SR L R s A A R
AR s Je S L B o R ARV T R R . bV R A3 R AR S P S A B v - VS R o e
IS 1 58 J IO 245 1 A2 BB A FEE A O o 214 8 Je S TR B I g 0 1 B 100 i e A7 B IR R T 214 B R S IR Al I i
RN o3 ¥ WA Gy it ASCHR I 46 . PAMAM-1 19 78 43 - 85V B2 B/ AC TR B2 e I L 4 1 B w5 ot A1 Ut
B o> F i h AN PAMAM-1 1 M 45, PAMAM-1 G888 Wl i 2 % 500 4y +, P is ik R KT
PAMAM-2 Fl PAMAM-3 1)V % ik %

%8 PAMAM-1.PAMAM-2 7l PAMAM-3 B i F & 5 Bk &
Table 8 Equilibrium swelling ratio of PAMAM-1, PAMAM-2 and PAMAM-3 gels

RTER S LR B (RS RO /6 100°C T /g 25 CH kT i /g ST KR/ 0
PAMAM-1 21.9 0.5743 5. 2626 816. 4
PAMAM-2 26.5 0. 8649 5.9112 583.5
PAMAM-3 32.4 1.0572 5. 7628 476.3

2.6 EERBINFER
AR T PAMAM-1,PAMAM-2 , PAMAM-3 #1 PAMAM-2-+10% LiBr Bt 0 sh &5 5 PEp &
RIS R AE AR 24 T ARG N AR E PR R G A SEER G (A A ) | B SF A B kG
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PP AR X E e B RO I IR 1 FE/NIR S BT WIS I OB A8 190 T .G R G" (AR A ) JL
AN s AR R . B 12~ 8] 14 S4B PAMAM-1,PAMAM-2 1 PAMAM-3 $E (1) G
G RFAR o AL, X L8 B pon] DU B, BE A AR o 10328 800/ ) » S0P AR AR AR, i3
A 24 S 06 1) 4 14 8 I EL AT Ak 2 S IR BRE I AR A . T ELAZE/NBT DDA R L G G4 50 U0 W AR 92 56 )
B BERE RN — i Wy BEEE A L, B R AP AR e M, B O RE R S B . W B, PAMAM-1,

PAMAM-2 Fl PAMAM-3 ) G' 435112} 5000Pa, 15000Pa H1 24000Pa, i3 B &k ik B A B4 py 8, 3 A
G'BA W B LR, PAMAM-3(G") >PAMAM-2(G')>> PAMAM-1(G"), [y PAMAM-3 ) {4
VB Je L AR A T B0 1 S8 T 4 A 2 B KA, DR L i v A i B R e i . SO Ah L BT 12 SRR G
0.01~0. 04rad/s i [l I FE 14 B8PERC R G'7E 0. 01~0. 03rad/s J A BT T B, =& R A 2 i s
0 1] AR A1 5 6 003 30 o 5 R A VS R k. S B R B TR R IR 14 AT R GTAE 0. 025~
0. 05rad/s i Bl A e 2 I A1 Ay 40 FE AR B G7 %t I 4 461 FE A1 7 o 78 G908 BT DY, o B 580, B8 AT X6 L 1) % 50 A0 e
FRUAZE R 14 h AR FERL R G R BB .
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Loss modulus

102 1

102 10 100 101 102

Angular frequency — (rad/s)

Kl 12 PAMAM-1 BEREH) G'R G7Bf w 1254k ]
Figure 12 G' and G” with w development of PAMAM-1 gel
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13 PAMAM-2 BEIRHY G R G"Hl w 175 1k
Figure 13 G' and G” with & development of PAMAM-2 gel
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Figure 14 G' and G” with w development of PAMAM-3 gel

Sy BE— 25 U B AR 0 S P AR AN AR SR b A S B 45 R O AR SRR S B0, FRATT SO T
A 10% LiBr i PAMAM-2 %I sh A it it , R o8 e ALk LiBr B s 20 S5 F/E F . 7 PAMAM-
2 M A LiBr, ol i PAMAM-2 9 U8R 1E FH R CH 85 R 25 SR an &l 15 iR . #E/NIR 3l 85 U) 48 8 OF 48
LY T G H G LT AN i 73 % 51 25 118 40 0 , 18 A 3 ek A o S A8 gy 38 S 199 23S Bk 9 4 L O
EE I ) S AR AR
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Figure 15 G' and G” with @ development of PAMAM-2 +10 % LiBr gel

2.7 BRERHBESERE

L PAMAM-2 Sy, e Ead BT 18 16 fras. b, A SHJEEESS 3. dem, B O AR SR F (i 2
7.3cm,C A TI R K EAE 2 VT . D S BERE D) O B4R AE— & E VR Th J5 % E R, OF HiEE -1
20g BERS AT LA L, B 2 R B BE IR BEMS K 2 A & B ) K 20g BERS B4 ), F ORI E R B A B =
6. 8cm, TEPFE Th Jq  JHBE T Je LW o , PEATHLM . 0] LIFE BIRE AL 25 0 3. dem FE K 2 6. Sem J& YT KSR
PRAs 4 UL WA SCRIT il 5 B BE IR A RL B BB L BE T, BB Rz — YA 1. Z BT LEA B p A
16 52 PR i DA DAy SR I O g 5 A DRl 1y S S — b 00 S A B o R ot 1 i T I D AR —
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B T LAAE S I 18] NS AT S BRAE R B BB 52, AnTBT 17 BT 7R R TR RE B RE 25 0T 80°C M A Hh i 4
Lh J s [ R P8 e AT o » 2EAT B A L ol DUFR B 5 AR SR 25 10 3. dem SR R 6. Sem JR FEAR EL AR HH BLAR 4%
FEWT R R T A AR AT R R R AR AR TGk AR . XL 16 ANIAT 17 UE B 3R Mt M
JH 2 S S TR R SR S BR R A B
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K16 BERCH A
A HTFRFES 3. dem; B N RFESHIME 7. 3cm; C A JRFE VI D R0 O 9F 4
E RS J5 % BCE  F B S RESRRLMHR ZE 6. Sem; “—"FoR U] 1 B b
Figurel6 The self-healing process of gel
A is the original sample 3. 4cm, B is stretched to 7. 3cm of the original sample, C is cut, D is put together,
E is placed vertically after self-healing, F is stretched to 6. 8cm of the self-healing sample, “—"shows

the self-healing placement

3 Hi

(13 3 A 1) 7 2 R 72 2 0 3 0T 5 B 8 8 T Jie Je 68 e 1) O IR AT T HIE . SRIR A R R T, W
P18 A ) 7 1 KT 2R I i g 5 e T2 o 1 440 2 A R

(2)38 3 % 52 W BE I LA 4% T A0 R B 76 R = 1. 25 S LI 50°C , B s 0 vh , HL B 1A ok 3
(TR AP HO KT 22 % REMEIE WAk 2 BRI 5

()X PAMAM . MBA Fl AEPZ L4t ol LUR 1, A SCH MBA 5 AEPZ W] D& A= 38 Bk
N A PAMAM, [A XA LiBr 5 PAMAM FIRMA LiBr 9 PAMAM 15038 38 B, 28 35 5 it i
JHe vh & A S AR AR RT AR BB S AR T AT RE

(O3l 3 FEIENE T PAMAM-1 AR EE 22%) . PAMAM-2 (K B 27 %) Fl PAMAM-3 (31
R 3290 B AT AR, il LA PAMAM-1 A R KRR IKER, ML T PAMAM-1,PAMAM-2,
PAMAM-3 il PAMAM-2-+10% LiBr #E & () 3h & 3 4 £ &, PAMAM-1, PAMAM-2 fil PAMAM-3 i
G439} 5000Pa, 15000Pa I 24000Pa , i3 B #E ¢ B AT BL 4 Al 0k

(5) LA PAMAM-2 I RAE T ARHE A 1 1 L 3R W ] A5 A 22 106 750 588 Wk e e e % 3 5 &0 B 5 AH L
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Figure 17  Self-healing effect of gel at 80°C
A is the original sample 3. 4cm, B is stretched to 7. 3cm of the original sample, C is cut, D is put together,

E is repaired after heating to 80°C for 1 h, “—"shows the self-healing placement
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Preparation and Properties of Crosslinked Polyamide Amide Gels Based
on Hydrogen Bond Self-Repair

LIU Yang, WANG Xiao-fei, SHI Chuan-ying, HUANG Xiao-wen, WEI Yan-yan”
(School of Polymer Science and Engineering » Qingdao University of Science and Technology »
Qingdao 266042, China)

Abstract: The formation of polymer gels are judged by inverted test tube method and rheological test. The results show
that these methods are effective during determining its formation. And according to the analysis of various factors affecting
gel formation, it was found that the gels can be prepared when they are in the methanol solvent, R=1. 25, 50°C and the
monomer concentration (mass fraction) over 22%. Through the infrared analysis of polyamide amine (PAMAM), N, N-
methylenebisacrylamide (MBA) and N-aminoethylpiperazine ( AEPZ), it shows that the chemical crosslinking reaction
between MBA and AEPZ can be happened and PAMAM is then generated. And infrared analysis of PAMAM with LiBr and
PAMAM with no LiBr showed that the cross-linked polyamide amine contained rich hydrogen bonds interaction, which
provided a possibility for self-repair of the material. The equilibrium swelling ratio tests of PAMAM-1 (monomer
concentration 22% ), PAMAM-2 (monomer concentration 27 %) and PAMAM-3 (monomer concentration 32%) show that
PAMAM-1 has the highest swelling ratio. Through the dynamic modulus tests, we know that the G' of PAMAM-1,
PAMAM-2 and PAMAMS-3 are 5000Pa, 15000Pa and 24000Pa respectively, indicating that the gels had good elasticity and
belonged to chemical crosslinking. The self-repairing process of the material was characterized by PAMAM-3, which
indicated that the cross-linked polyamide amine can be repaired by hydrogen bonds and physical interaction, and has
potential applications in drug release.

Key words: Reversible non-covalent bond; Hydrogen bonds; Crosslinking polyamide amine gels; Self-healing
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