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Abstract : 1,2-bis(2-aminoethoxy)ethane (BAE) comonomer was introduced into the main chain of PA62 as the flexible seg-

ment by amine ester polycondensation‘to prepare a series-0f PA62 copolymer. It was expected to reduce the melting point as well as

providing better toughness by copolymeration. The structure, thermal stability, crystallization and hydroscopicity were characterized
by FTIR, 'H-NMR, DSC, TG and WAXD. The results show that a series of PA62 / BAE2 copolymers are successfully prepared,
and the introducing of BAE effectively reduce the melting point and improve the processing performance while maintaining good
thermostability(Ts = 385 °C ) and crystallinity(X. = 26%). In addition, the saturated water absorption of PA62 /BAE2 polyoxam-
ides increases with the add of BAE, which can up to 7.9%, but is still lower than PA6(10%). PA62 /BAE2 copolymers can be used
widely for high temperature resistant areas such as automotive parts with excellent comprehensive properties.

Keywords : poly(hexamethylene oxamide) ; 1,2-bis(2-aminoethoxy)ethane ; polyoxamide ; amino ester condensation

RO BRI o T8 LA A T RIE S A R
PO , o A5 A4 AT 2R S I B 0 T BE TR B T R AT
SRIEERES e 1 T ARREE  JF AR K Sy
THELAEAFERG YIS, DL, 5 3547 AR [R] e 2
YL B SR IBE A LU , SRR I LA B e A
AL SR AR WK 3R U I M TR g 0
AR K B 3K AN TR i, R e P A+ 28 o e
2 P,

EEWA: BEHE WA H (2017YFB0309400)

IRAERI e R i R R BE G 254 PA92, PAG2,
PA42, PA122, PA82, PA102 45, H.th H A5 PA92 1]
AT ARA 7=, PA122, PA82, PA102 %5 R Bkl 1Y
RA RS B FORIEAS) . M2 T, PAG2
IR A PAK 1,6- & 1 (HMDA) SETET, A% I,
TN 2 22 b S0 55 e 38 330°C, MR TR M. 3 3k
AR e IR AR i B S A o AR A A B |
AFNEREBLR v AT PAG2 PEA T3 Rk .

BEHAEE : (155, AP0 00, S W07 VR R 20 TRP R RS RPRAE E-mail : yhe@dhu.edu.cn

Y75 B #A: 2019-06-21

SIRME: HRTE  Wlets, mrin i, 4 . SREENE 62 HIRYIRIH 5 S YERE [0]. TRRMDRLIEHT, 2019,47(9) : 1-6.

Li Shuxiu, Yang Tingting, Gao Yuanbo, et al. The preparation and performance of polyamide 62 copolymers[J]. Engineering Plastics

Application, 2019,47(9) : 1-6.


杨超


2 TRBEHILI

2019 4F 45 47 4 55 9 W1

H. J. Chang %5 ™ 438 1) PAG2 / PAG9 HY il £ 77
B, 62 B SE N Na,CO, 7K AR A, I L
I T A TR IR W, A 3 IR, T
DIAS B0 48 253°C P PEREE 113 dL/g R 2R
4. Dong Yusheng 45 ™ 108 45 B8 ik B0 1) 5 44
UM TR R ik BE o LN PAG2 JEATTICHE , 45 5
Tirf 05 ik 3 e AL R W, Yang Tingting %5 1 R
FHW 25 JEA Dol B — T 1R, HMDA Flji] % — H
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DSC il & HAR 5 RGO R WIS ik B IR R A 1R
N ST FIIRLE WA 1,

FRig 2 g TES TR, N E T4 @G
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BHE153] PA62 / BAE2 25,
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2 Bk _ RA ERE _ EE TN
HMDA / BAE WE/C R/ % b T.2/C R ORE/C PR/ % PAG2 / BAE2

PAG2 100/0 120 98 1.3 332 sSSP 290 99 100 /0
PA62 /BAE2-85 / 15 85/ 15 120 95 112 311 sSSP 270 94 84 /16
PA62 /BAE2-70 / 30 70/ 30 120 91 115 281 sSSP 260 89 70/ 30
PA62 / BAE2-50 / 50 50 /50 120 80 116 260 SSP 260 96 49 /51
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2 PA62/BAE2 XEYIHER RS FE
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FE G5 TRY . REW 0, (g mol) M,/ M,
PA62 1.3 33 5.8 x 10* 1.8
PA62 /BAE2-85/15  1.12
PA62 /BAE2-70 /30  1.15
PA62 /BAE2-50 /50  1.16 2.3x10* 35
PA62 /BAE2-30/70 117
PABAE2 1.16 2.2 x 10* 3.0
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J& B AT (a), 1 0 18y 3.34 Hh W Wi iy 55 1 frig ik
FH A S 3 T 1 A (b) 5 0 fE o 3.0,1.18 FiI
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FRE (T,) TESE X THIE DSC il 2k Fhiil 75 At e il
%5 (AH,) 5113 3,

PAG62 / BAE2 3R Wy 75 W Il 1k 7 vh 2 A 45 4
T AL B Wy 4k M BT B 2 AR A R A
WA 5. I H, B &K R BAE 4% Bt i 1Y
T BN, ISR B 4 R R AR B BT [
P, H BAE 18 >50% I, 15 i 25, i 2 T
BAE #BE i E A X, REYEal 2 2 BAE2 &
X RRE . PABAE2 I3 s ANRE S T JE: R o 3 59
AR B L SR W T R K

3% 3 PA62/BAE2 R FMHEENRE R

‘o T/ AH/ T,/ AH./ T/ T/
ﬁéuuéﬁﬁ °C (J-g’l) . (J-g’l) o G
PA62 300 90 329 94 406. 453
PA62 /BAE2-85 /15 282 72 313 47 410 451
PA62 /BAE2-70 /30 259 59 291 84 404 446
PA62 / BAE2-50 /50 225 53 222 65 399 440
PA62 /BAE2-30 /70~ 181 38 190 48 392 434
PABAE?2 166 32 197 44 385 425

e 1)Tg R TE 8% B 1 73R 5 2)Too AR 50% HiJ 114 43-fiff Uik
PA62 7 [l 1SS — U il ik A8 v 43 ) 1
AN 25 BIAY DSC e Hog Scik s s 2,
Horb 200 °C BT 1 55 06 T B AN 58 35 f I 45 & F
Fimh ™ PAG2 / BAE2-85 / 15 [ ) 247 Il 5%
2| PAG2 (Y520, b IS [ AR AR AR . s SRR
B, 51 A BAE HL{K 0] 75 %0 B AR PA62 J5 55 . 035
InTPERE. HoH, PA62 /BAE2-85 / 15 fil PA62 /
BAE2-70 / 30 (Y44 #4351 R 313°C 1 291°C, ] Jini
THERER LT
£ PA62 / BAE2 kLN 1) 57 F4%h , 247
1£ C—C (346 kJ/mol), C—O (358 kJ/mol), C—N
(305 kJ/mol) = e, Horp ik i B 141 vh ) C—N
SRR RN, FE R RS O N A S R AEWT R W
TR e — M 75 2 2 ok e S RO T A R A5 4l
sl , 11T e YL A 3 B P R X 7 i ) 24 1 e
AT, DR I BRI 5 R R e 1) PR 1
& 5 o PA62 / BAE2 IR Y1 TG 43 A ith £k, Il ik
Y TR 3.
[ 5 ik 3 7~ ,PA62 / BAE2-85 / 15(410°C )
H1 PAG2 / BAE2-70 / 30 (404 °C ) B4 Wy 1) #443 fit
1R 5 PAG2 (406 °C ) #1224, PABAE2 (1) Tt ik %)
T 385°C, H AR MY PAG2 HH T IR A R AR £
RN Ty 2 C—N BRI 2k 2, PAG2
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M- 60 -
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= 20+

gOO 360 460 500 660
i/ C
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2.4 #EdhMsk

ST Piie PN A7 A6 R S, (AT SR ke o 5 45
fho MO, A AR TR, IR 73 BEA
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Hoa B B ARBURT y B IR —E A T ]
A A, L (R Bl q — (70 SR Pk e 1) i AR 2 4
Tl o By AL K] 6 Ok PAG2 / BAER B
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NA_PA62 / BAE2-70 / 30
A PAB2 / BAE2-50 / 50
/\_PA62 / BAE2-30 / 70
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10 20 30 40 50 60
20/ (°) :
%16 PA62 /BAE2 LRI WAXD <k
R4 PAB2/BAE2 HEMMERE

S Xo/ %
PA62 59
PA62 / BAE2-85 / 15 32
PA62 / BAE2-70 / 30 31
PA62 / BAE2-50 / 50 26
PA62 / BAE2-30 / 70 35
PABAE2 50

16 PAB2 3 8] H1,20=14.2° &b Y B v & 780 Y
55 5 5 20.1° 1 24.1° 4b ] LU SR B o i AU Y
AN ST, 43 SR SRS 2 AR 2 Z R
I H AR N AR . PABAE2 1 21° Fi1 22.4° 4k W]
DIWLGE R A~ 5 S 5, B 3 45 fbne ). B
BAE 53 fill, PA62 / BAE2 13 Y) 14° 4155
SR, 5 S S5 H AR ), A7 S0 4o 1
%%, 3 B M\ PAG2 [i] PABAE2 FAT ST HE 7 24

BAE & ik 50% I, AP S5 F (A A5 S I 3L A7
2.5 HKE

SRR 534 TP AR SR /K B IR R L (A1, L K
REOFHEP B & SR A
K, [ Bsf A,A7 B PR B B R EE (52 . A RHT 7K
Jo , POARR B IR R A R PR REAR S R, RS
FROEPEAE 2 52m 1 il h  filt FH 2 vk Fn 5, DRI
TG E K PERE S T o0 A B . YT LRR SR ot
JHe i AL SR EE AR [RIE , 23 F- 254 i s N—H st
5 KGR BB s, XoF 7 A W K BE T B R 7
PA62 / BAE2 JLRYITE 25°C T KR

10

PAG

o PA62 / BAE2-30 / 70
“ PABAE2

<6 PAG2 / BAE2-50 / 50

Ei . PA62 / BAE2-70 / 30
= A62 / BAE2-85 / 15

PAG2

00T 24 48 72 96 120 144 168
A1)/ h
[§ 7 < PA62 / BAE2 JLEYIIT K%

ME TRTLAA IR, BT 26t BAE SLITHR 143
THE R, 4507 B A R I 2, A dR DR 433
%, PA62 / BAE2 IR K R i % BAE 75 i34
Iz AP L (AERAERELE 8% LN . X BAE ¥
(13 740k 100% I, Y54 PABAE2 (153 FHEAR
ek IR, 5 PA62 / BAE2-30 / 70 HH LL 45 i B hy 52
2 AR S DT 5 N, B AT K SRAK . PAG2 /
BAE2-85 / 15 Fl PA62 / BAE2-70 / 30 25 ¥ i1y
FE /K 265 PA62 #23 , EA b1 i AT 3¢, B ok
PRI K Z 5T 3D 4T EAT R AT i T A 14
B R Pt BT B S
3 it

KBRS & B Ak, T & — R & iy
HMDA F1 BAE A [R]4) it i) 5 2 bb 0 2R H i il A 2R
Y. FTIR JGIEA 'TH-NMR IEH, i34 8% T PA62
/BAE2 33, JF H Ffi BAE S £, LR Y)
J%5 5N 330°C TR 2] 190°C, (HAT A 1 B il $h i
FEVERN G kg s WK RN 1.8% b F+5 7.9%, {H
5 1% T PA6(10%). ¥ %] & PA62 / BAE2-85 / 15
(T,=313°C ) 170 / 30 (T, =291C ) TR W oA
JE S DL S R A TR RE, R B 4  E Re L AR
VE SLFI K RATS 5 PAG2 1Y, (H IS E— 5% .

& & Lk
[1] Chatani Y, Ueda Y, Tadokoro H, et al. Structure of


杨超


TREIERL

2019 4F 45 47 4 55 9 W1

[2]

[31

[4]

(5]

(6]

[7]

(8]

(9]

poly(hexamethylene oxamide)[Nylon 62][J]. Macromolecules,
1978,11(4):636-638.

Shalaby S W, Pearce E M, Fredericks R J, et al. Structure and
thermal stability of aliphatic polyoxamides[J]. Journal of Polymer
Science Part A-2:Polymer Physics,1973,11(1):1-14.

Gaymans R J, Utteren TE C, Berg J W AV D, et al. Preparation
and some properties of nylon 46[J]. Journal of Polymer Science
Polymer Chemistry Edition, 1984,22(6):1 373-1 382.

Franco L, Subirana J A, Puiggali J. Structure and morphology
of odd polyoxamides [nylon 9,2]: A new example of hydrogen-
bonding interactions in two different directions[J]. Macromolecules,
1998,31(12):3912-3924.

JEAR G . 5 SR I e TR DR T 3 K T [3]. AR MURL R T,
2003,31(2):56-58.

Tang Weijia. Worldwide market and forecast for polyamide
engineering plastics[J]. Engineering Plastics Application,2003,
31(2):56-58.

Chang H J, Vogl O. Regular copolyamides.Il.Preparation and
characterization of regular aliphatic copolyoxamides[J]. Journal of
Polymer Science Part A Polymer Chemistry,1977,15:1043-1 060.
Dong Yusheng, Chen Jizong, Mutua F N, et al. Preparation
and properties of poly(hexamethylene oxamide) copolymers
containing ether moiety[J]. Polymer Engineering & Science,2017,
58(9):1523-1529.

Yang Tingting, Mutua F N, Gao-Yuanbo, et al. Synthesis and
characterization of poly (1,6-hexamethylene oxamide-co-m-xylene
oxamide) copolymers[J]. Polymers for Advanced Technologies,
2018,29(12):2943-2951.

R A e T A SR I R R e 1 ) A S M REE ST [D). B AR
AER2#,2018.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Dong Yusheng. Preparation and properties of high resistent polyether
polyoxamide copolymers[D]. Shanghai:Donghua University,2018.
V% = ZERE R WA AR L RN R BT RS 0], T
FHRIRR 5 T, 2006, 22(5):15-18.
Jang Aiyun, Li Xinfa, Niu Mingjun, et al. Advance in study of
solid state polycondensation[J]. Polymer Materials Science &
Engineering, 2006 ,22(5):15-18.

Sijbrandi N J, Kimenai A J, Mes E P C, et al. Synthesis,
morphology, and properties of segmented poly(ether amide)s with
uniform oxalamide-based hard segments[J]. Macromolecules,
2012,45(9):3 948-3 961.

Miyake A. Infrared spectra and crystal structures of polyamides[J].
Journal of Polymer Science Part A Polymer Chemistry,2010,
44(143):223-232.

HORIOE, 2, R, 45 o By RRELE R 6 I RTHE A (FEC)

[]. AR RS A AR 2241, 2016, 39(1):35-42.

Huang Yingshan, Jiang Feng, Li Jie, et al. Controllable formation
of the «and. -y crystalline phases of nylon 6[J]. Journal of Natural
Science of Hunan Normal University,2016,39(1):35-42.

Arimoto H, Ishibashi M, Hirai M, et al. Crystal structure of the

v -form of nylon 6[J]. Journal of Polymer Science Part A:General
Papers;1965;3(1):317-326.

Auclerc M, Tauleigne A, Da C B F, et al. Polyamide-6
structuration induced by a chemical reaction with a polyether
triamine in the molten state[J]. Polymer,2019,172:339-354.
T, AR, AR, A5 L RS T ] A KR AT
[3]. kR, 2013, 41(1):105-1009.

Ning Chongchong, Cui Yihua, Wu Yincai, et al. Research progress
of lowering moisture absorption for nylon products[J]. Plastics
Science and Technology,2013,41(1):105-109.

MEHEDPETEREENMESEMBHEARTTS (IBXE) RIS ExE

rh B R R RS B2 T 5 8 342 T BiCS 2000 ~ 2019 4E56 )5 3 TR [ T AR SR S AR R PP 45, 2L
Gl AR T 20 A8 I SCER Do FLN AT Ko TARSDRE S PRI & i 5 et i1 o I R BT ROR DU
SCHRZRIR TR AF, S T IR E TR T A SR AR AT B AR5 QU SCHE ), LA BN R BRI i 4
A SRR BLADL AN RS (SRS ) B8 Wi T e
1.2004 ~ 2019 £ [E TRERE MR ARFTS (B XE), REM 400 T/ E,

2.2000 ~ 2019 FEHHE TR LR S SR AT SIS XL &, LEM 300 T/ &, AFXEBRER 2000 ~ 2019 £
20 AR EYMETHR RN, X EBIFL 3700 RS WA RERR,

IS HEEN
WAL« LR B R T R X AR B 3 5
WAL - CTARREBRHN D) 24754t

H
il
&

%k : 250031
1% : (0531)85878223 85878057 85878278
. (0531)85947355

SRITICEK

P & INRAES B ARG BT
FEPERAT: Brma i LRRA TS T — B AT
ik %5:1602001229014425546

1T« http://www.epal973.net


杨超




