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Abstract

Preparation and degradation study of aliphatic branched poly(ester

amide)s and their natural fiber Composites

Zhang Hailian (Organic Chemistry)

Directed by Protessor Liu Xiaobo

Abstract

Poly(ester amide)s have been interested more recently since they encompassed the
degradability of polyesters with the good mechanical and processing properties of
polyamides.. |

In this paper, branching agents, such as pentaerythritol (PAT), glycerol (GL), tartaric
acid (TA) or citric acid were introduced in the synthesis of aliphatic poly(ester amide)s.
The polymers were prepared from adipic acid (AA), 1,4-butanediol(1,4-BD),
hexamethylene diamine(HMDA) and caprolactam(CLM) by melt polycondensation
method. The obtained polymers were characterized by FT-IR, '"H NMR, DSC and TG
analysis et al. It has been turned out that introduction of PAT or GL could increase the
melt viscosity and molecular weight of products, and shorten the reaction time. The
effect of TA was not very good. For citric acid, it even could not obtain
high-molecular-weight polymer. The feasible content of PAT is under 1.0% of monomers,
and for GL it is under 0.9%. With the increase of branching agent content, the
ester/amide ratio increased; the melting and crystallization temperatures decreased, and
thermal stability of polymers decreased slightly. The solubility of PEAs is similar to
aliphatic polyamides. They are easily soluble in m-cresol. Branching scarcely affects the
hydrophilicity of PEAs.

The hydrolytic degradation of linear or branched PEAs was performed and
characterized by FT-IR, 'H NMR, DSC and SEM techniques. It showed that PEAs are
degradable in aqueous solutions, mainly involving the cleavage of ester linkages.

With the increase of braching agent contents, the hydrolytic degradation rate
increased, which was attributed to as: the increasing ratio of ester/amide linkages; the
decreasing crystallinity by branching and increasing amount of end groups; and the
micro-acidic environments around the acidic degradation products. PEAs branched by TA
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showed the highest hydrolytic degradation rate.

A preliminary study of PEAs in different natural environments was performed.
When PEAs were exposed in environments with high concentration of O, and moisture,
they could be eroded by bacillus, and the early stage of biodegradation was involved with
the breakage of amide bonds. In soil burial test, it showed that cleavage of ester linkages
was the primary process; bacillus was also found on the surface of PEAs. It indicated that
aliphatic PEAs were biodegradable. PEAs branched by TA showed the highest
degradation rate in both environments.

Finally, we prepared full-biodegradable ramie fiber/PEA composites, and studied
the influence of chemical surface modification on the properties of composites by FT-IR,
TGA, DSC and SEM techniques. After dewaxing, mercerization or being wetted by PEA
solution, the adhesion between matrix polymer and fiber was strengthened.

The thermal stability of composites waé between the ramie fiber and PEA, and
dewaxing is helpful to improve the stability of composite. PEA can be induced to
crystallize by ramie fiber. The hydrophilicity of composites was enhanced by the
hydrophilic ramie fiber. And the surface modification of fibers had great effect on the
water absorption of composites.

The hydrolytic degradation of ramie fiber/PEA composites was also investigated.
The main process was the hydrolytic degradation of PEA. Generally, with the increase of
fiber content, the degradation rate decreased. The closer between the matrix and fiber
interface, the slower the degradation. The composites degraded more quickly in alkaline
than in acidic or neutral solutions. Because water adsorption equilibrium can be reached
quickly, the temperature and size of samples showed little influence on the degradation of

composites.

Keywords : Poly(ester amide)s (PEAs); Branching; Ramie fiber/PEA composite;
Degradation
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PEA SO A B IE SR S 40 T BT
1,4-BD: 1,4-butanediol, 1,4-T —F%;
AA: adipic acid, & &
CLM: caprolactam, B4,
GL: glycerol, AI=MZ; .
HMDA: hexamethylenediamine, & —/%;
Merramie: mercerized ramie, 22 76=5FRET 4,
Merramie (x%)/PEA: %™ RRE4E/PEA EEY, x% LN HRAHTER S
u et
PAT: pentaerythritol, 254 ; |
PEAgx: WBEALREERE, x AR=EHEANEE;
PEApx: ZX U LALREEBRE, x AFEXUEMANEE;
PEAs: poly(ester amide)s, ZBEHLAL;
PEAt: HABRSILEEBRL, x AEARENEE;
Ramie(x%)/PEA: =BRIRBRA 4 PEA R aW), x% AZRRMKAETEToH;
Reframie: refined ramie, & T7BRET 4,
Reframie (x%)/PEA: T4 BRAF4E/PEA H &Y, x% AW TR EER TS IL:
TA: tartaric acid, /% |
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Medical Application Ecological Application

PDLLA

PGA

PBS

PEA
PGALA oca /PLLA PES
Oxidized PHA
Cellulose PPZ (PHB)
POE PEC
Hyaluronate PEA

Collagen pp A

Cellulose

PAA: Poly-(acid anhydride); PBS: Poly(butylene succinate);
PCA: Poly(acyanoacrylate); PCL: Poly(e-caprolactone);
PDLLA: Poly(DLlactide),Poly(DL-lactic acid);

PEA: Poly({ester amide); PEC:Poly(ester carbonate);

PES: Poly(ethylene succinate); POE: Poly(orthoester);
PGA:Poly(glycolide), Poly(glycolic acid);

PGALA: Poly(glycolideco-lactide), Poly(glycolic acid-co-lactic acid);
PHA: Poly(hydroxyalkanoate);  PHB: Poly(3-hydroxybutyrate);
PLLA:Poly(L-lactide), Poly(L-lactic acid)

Figure 1-1 Applications of biodegradable polymers.
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\
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Poly(ester amide)s

Scheme 1-2 Synthesis of PEAs based on diamide-diol intermediate.
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Table 1-2 Fiber properties of PEAs and other commercial sutures

Commercial Sutures PEA fibers

PDS™  MAXON™  PEA-26 PEA-212

USP size 3-0 3-0 3-0 2-0
Tenacity (g/denier) 5.2 4.5 5.3 6.5
Tensile strength (psi) 96,300 85,000 91,400 -
Modulus (psi) 2,870,000 470,000 1,043,000 550,000
Knot strength (kg) 2.35 - 2.04 3.10
Elongation (%) 49 - 21 35
Strength retention 4wks.
71 59 63 95
Postimplantation

Time required for bioabsorption

6 7 8 36(est.)
(months)
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g _ O
- \M/\ﬁ - L-malic - WO v
OMe O OMe O
O OMe O OMe
o \WH . Ltartaric .~ S\ NN N
OMe O OMe O

ester amide units

amide units diacid
Scheme 1-5 Polymer blocks based on succinic, malic or tartaric acids.

B, UWEAR/T 8. RN C R R 8E, HitSchemel -657m 57 HI%&
TARB/BESEILAREY (BRERSBHLSEFAT20%) [70-74). ZXEBELY
HEAIA1.7 dL g'(25°C, R ZEANEAD, ¥ TFELH10, 000~40, 000. 7=
R N2EN, SHNMEMENL, SAMRMaRARNENE, THTVR.
AU _K oY, FETAEZFERPEK, MAGETHEE. ZXBESYDE




e G B BRI AL ARSI I B IL R AR LT 4 &7 & MR O Bl 5 AR B 5

mAEG W, BRIA200CLELE, NFEWRSHNARBIEAS., ol 7. A0
WP BRI R REE | —RRBOE EE R T ANt FRARRIL N AR K AR

O O

/L/\WO(CHZ)EOJK/WOPGP NHZ(CHy)gNH,
OPcp
O O
+
. cHL0 TMS-CINEt,
OPcp '
Pcp TMS-NH(CH,)gNH-TMS
CHO O

| _ |

¢ CHCl,

0 9 Q  OCH,
<— HN(H2C)sHN JK/WO(CHQBOK/\"/ MHN(Hzc)sHNJ‘\I)\'(>
QO O "

CHaO O

PESTE,A,

Scheme 1-6 Synthesis of PEAs based on tartaric acid.

LRARETIERANEY, BRB=MPEEGOER, URER R BRR 1E,
ZIRHRET UBREAREHERATR, FEESWRE/T0.6dL g [75-77]. B9
TIRERRSYRIKBEFEYE, Y- oA NBEARE T BN, BidEss
R — B L R4, #Scheme 1-7F7 7R,

VWNAANA. CH,OH + N— vy

|
Q R / R T .
NHCHy Vv
W"DHzc)krk"/ O 2
R 0 . )H/H‘/

NHCH
VINANAAA.CH,OH + HO

R O

Scheme 1-7 Degradation mechanism of PEAs based on tartaric/succinic acid.
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%5 TERERT R BRI B A A R RIDR S 9

ETHAMRKHPEAsIK R R EF KRR, WKEFIL30%; EFHRER
th: (BTC200°C LA L7505 % 4 S AR . |

iﬁlﬁlﬁJﬁﬁiﬁﬂaﬁ*ﬁiﬁﬁiL-ﬁﬁ%@ (L-2-BET Z/) 78184 /% 8791 £ 5
HIREEBERFERY . NTR R, BRI ATRERIEmESST, H
TRMERPHTRIEERERNARE, ERAESFENESY. XKTHT
A ARERR UL B KRR R T L.

BREANERXBRT 244, BHERFHNEYHEENE, B TPrRBRER
WARERE, —EMABRCRTETXEBETEYNT FEREE K. FrEAY
BROFEHERE (glucitol) (80). RIIKEEHE (arabinose) [81,82)FIAREE (xylose)
[83]. XKRE -GS ALES LR WIScheme 1-8F 7,

CONH,

y 0 H o XOH 0 4) NHyMeOH e
ﬂmouﬁ 2} Hg:@ - %mﬂ - . gl MeQ — ———
O+ 3) DMSO-AC,0 OMe —OMs

2 3 CH, OH
4
CH; NHBoc
5) LiAIM, / THF I_OMB v | i
4 - Mg — . /\rk‘/\OJK/YOH —
§) (Boc),0 e CHeOh oMAP . 4 Lo 1
CH3 OH P
5
8 PCPOH,DCC_ Boey, /\l)\(\ )K_/\,rof’m 9) HC, ACOEt _
AcCE! OMe Ola

7

101 EDPA
N HE!@W JK/YGP‘;P sohmm ( w
OMe OMa OMe

Scheme 1-8 Synthesis of PEAs based on carbohydrates.

BT R EYHPEASE AMB Y MNE ST, BERERYE, Simms
Mo RERERE RETAEY S BN RMRK, MEBLRSANTE.
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SRS 25 R A 3T B ol VA& B A RS A SRR R H R AR 4 54 5 b L h % 5 P A BB AT 9T

1.2.1.7 W (Zrpmem) KBRS

X PMpMEER ) (bis(2-oxazoline)s, BO, WScheme 1-9577) SR HFEHEMHE
AW BEEE AT RN, WTonER. BREF. WiBZ%F[84]. Riccado®[85,86]F1Bruth%5[87]
B9 TBOSEREF . o nEZEl ZJuh& R BV UL 4 28 T B Be B s al R BA B R RE 10 & Rl 4%
PR R SIHLER . %R PG R b R BT 4, CABRLIE AT R A

HOOC g
>~
O
| M N
b\ 4 -
E >——ﬂ AAA~ E:}— R {
0
BO)
Crossiinked “VA- R-OOC-R-COO0-CHLH, NHCO-R* AN~
poiymer
(PEAS)

Scheme 1-9 Synthesis of PEAs from bis(2-oxazoline)s, anhydrides, and diols.

Kylma=5[88) M Jukka%% [89) K XU (Z Mr M) ER — R SRS ES /B M B EER, Pk &
RIR (PLA) M4 TR, BREHSOEBRBNOLEY, FUry 2k ae i
REMRS, MAEEERTPLA90].

A ETT ARG RN RN R ARG, LR —ER2E
Ui, Katsarava®Z[911LIERR S T TR MM IREERRE, THE— I8
oo

1.22 HEABAEBREERIE

1.2 2 1R &%

o-FBEREFHET T ZAE, EHRYESEWR AR LM, B
AERAEYEMERERENERZ — o BEEBNREET SRR N R,
WAL R e A B, XA REEBE 00 A S SRt
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SR -FE T A R B I A I P A K R BRI St

1991 £F Saotome 55 92/ A Wl T AW HESEBRET & o EERBEEAM T
WRERE, HERTRERGYE - LREOR (WEEAOR. ESE. BRI
g, BRBAMEAE) BENHN, TRRURSYNEREREEIL XS
FEtE (A RBIRE) BKERETH.

AN

CHa-Ph
iCH,-Ph

{NHCHQCOCHchQO(l'.liCHzNH—(i.l‘,(CHz)ﬁ A[NHE:Hh)DCHZCHEO?I‘.CHNH—(I'T‘(CH2)4?|3
tl_"ln 0 0 0 0 o'

Scheme 1-10 Synthesis of PEAs derived from a-amino acid, diols and diacids.

5 Saotome ¥ o-BERIWBRESLS — tERNAERE, Castaldo Z[931HE
ERHIRRES — uiE RN, NTBEARE S RE R .
19984F Puiggali MiNagata % F| FIE 28 Xt EILERR[4]. ZEM[95.96]. KA

M[97-104). —ilF (CTE. T W% N_BERNEET — &5 ETEERY
KEBIEILRY, HHAR T EMIRKERBERERE. B ANS L WScheme 1-11
BT

EAMEE R EERFTRINSTFE BT THERERE.

HO(CH,), OH 2 HOOCCHNH,
o-diol ‘ _ J QA acid
Toluens l p-tolumneulionic ackd

PTS’*NHyCHCO-O(CH,),0 ~OCCHNH; PTS CIOC{CH,),COCI
R R
L J dineid chloride

n.qcc,l CCly / HO

~{~ NHCHCO-0(CH,),0 ~OCCHNH- OC(CH,). CO -}m
R R

Scheme 1-11 Synthesis of PEAs based on a-amino acids.
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i HREE SRR I B AR A i Ha BT RS A RBRBR IR M LR R AT 4 5 &6 B U4 5 B AR 1 i ot

GuanFF[10STE M "R FEAR KT ERHE T HEEEN _BDMPA, B52.58
ML BRSM T URR a3, W& m T s LB 7 R NSRRI BEY (fnSchemel-12
Fis) » BREMSAYREMEEMRES, XEHREBEOSMSHENE:.

T
ZCICOCH, ) COCI % HOCH:f CH; 0t (DMPA)
COOBz |

_ l.__I

fH’ 2yH;NCH,COOH + yHOACH,),-OH
xCIOC(CH,),CO0 CI-l;TCH;OOC{CHg)gCOm |
.+
(2-2x)CIOC(CH,),COCI ¥ TsOHH,N CH,CO0~(CHzz O0C CH,NH, TsOH
mm% Interfacial polymerization

B
OC(C‘H,&CDG—CH-;_? CHy— OOC{CH)CO / HN CH,COO—~(CH 5 OOQC CH. NH
CO0Bz
Scheme 1-12 The synthesis of PEAs containing functional groups.

1.2.22 MO —ERFFIREESE

AT IRAFENFKYERSIATIRER, T ERBAEEYESE FRAR, i
FIA—MGBHE-2,5- — B4 (morpholine-2,5-dione derivatives ) HIEAR B4k, SRR
ER—Fo- R EB M- EEBITEREEY), WScheme 1-13F717,
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B3 B AE R AR R ALY (R 9 AL AR AR S sy

0 o
H :
é{ fCHzcooaz (IJ/LK%A'CHQCHZCOOC.‘-&Ph
- "
H i
attic act
(aspartic acid) (Rlutamic acid)
G ,
ﬁ,ﬂ}/‘k ’H o i i
H
N
o TRk
0y \ " CHyOCH2CoHs
C . O :
(lysine) {serine)

Scheme 1-13 Several morpholine-2,5-dione derivatives.

Z BRI ERIER T ARR SR RAEB R LY.

EHES106]AR LSRN RS RS2 5-— a4k, FH/Ea/EE
(ZEER-L-RATR) WABHEY . SR AMIRD 6 {7 L F RN R NIE
&,

TBTHRE[1071RIE TSR EM T EY, FTEIBTHMNBI R THAE
EETERERE SATENERTNERSYAE.

BarreraS[108]i# 11 /D B & RE ) ORk AT AEYS | R A F RS, BR
s TFEEF RE /BRI (RGP peptide), FHNEER KK AR,

EE-2,5- _HRX AR EED, 3| EFMNENREEERIBESRINER. Volker
JorresZ5 (109,110 R IR A M HE (NEBIEY . ZBIRFESE) fRIFH3]E D —
DSz |
TR, BEALERN—MFTRERFERREBZ IR ENNXE, Hockers
[111-114) % BUES AT LU 4wk — B fr FF BRI

123 REFZEEHM RO

19924 Simone®% [115] AEZBE. C AR EREYETIRAEERES
AL T & 20~50%B TN ACBE 5 B ) Hk ERPEAs .

ScolaSF{116]1HiE T e- A Bt Me- DB RS k. IR RS RE.
HEUTRERT U RN ERER, FERERESTYPBESERNSEDRT
&, BRESY T ERE R G 8 T MR
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R B 7T/ B A Ha W IS AC SRR B RR B LR R AT 4 S & M R I B 4 5 PR AR ML RE B 9T

KawasakiZ§[117[4R 3% T A B Rle- TN RS SRR ES T 1E, %R M7 UL SAKAE
BBIRR, FHERTT ISR AR .

1.2.4 REBRRERYRE SR

HMRFEF B RARMBAR, HIBR R R 3 R B — 1 T8 & Rk
SIRAYNARE R SR, BXEAY L EEKER. FLEaes A Syt
IFHIFEKEER, MEBLIRE, HR TR, SHEEE SR EREE, XA
AMHKEREREBERER SN, BE7, PGA. PLA. PCISEZ. —
BT R T LB T E .

KB IR R (R TERAMEGA RE”) DR ALY
TERT, MBS, BB RMBMRT I ER LI T B [ aH.
BT REBE LA B AR AR /122 1 68, B TTRERR S R T8
B” #ior. Feljen®UARZ B, 1, 4T ZREM —Es — B Rk b (a4 34 JBEMRI& T 35
AN R REERE L IRY), I SRR S R S MR A R A Bk [118) R4 T
IS8 [119] |

MaglioZf [120~1241 R T —F & = N EE R KIS TR K trioxy, {05 BAESEERE
& ka4, tScheme 1-14FF7R.

HO=PCL=0H + 2 Ci~C—(CHz)y—C—0—CHy(CHyOCH2), CH;—O0—C—(CHz)y—C—ClI

CHCh
T=50°C

MAC—PCL—MAC
r=0°C l H’N\/\/O\/\g’\/o\/\/mz

H+0, KOH .
20 4,7.104rigma- 1, t 3-tridecanadiaming (Tripxy)

Q Q Q H H
ft!:{crlzl,::l:—o (CH zCHzD),r'!-'! CH, )‘IITI:—O*-PCL—D— g{cuz hg—qmlcnp}n g@:ﬂlyﬁ—m'l— CH,CR,C H,0C Hz],CH!CHZ—]:T- -
PEEA Jm

Scheme 1-14 Synthesis of poly(ester ether amide)s (PEEAS).

LiIF[I25F A —#M 3B RENIRBE S CHABREARES, B EE L4
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# 5 WA Y RREB R H A SR BIR S8

BHBENERRENLEY, URERGESYIIRKYE, &M IScheme 1-15
BT

@
H O
N. _0O o Q
N catalyst - 0\/\ o
ﬁ b 4 ¥
O

Scheme 1-15 Synthesis of PEA with ether linkage in the backbone chain.

REHE —REVAAATNERERRINSRES T, HHTHYEREK
AF. ~RERBEEERTIANR, RETHNE, HETERBE 8T8 A—
SR BRRNEER, MARSHEMNEBREN B SRS, LU MR .

TGIFIRE[126] 5 /% T 5 A ERE TN RBHERILARY, BRSRIPMALE
TREeMIEERY, FERET h¥taE.

Theodore=5[127]LA4-BUS- R B KGR A B A&k T 885 5 45 M R BB BT B4
. FHESTROYNMAREN. BRIRRARSYE NS P e 40R8.

AR P REREBEA T E RS R RE, MEREEE, FRERAT
—EE WARAES T, WRETE. TR, SR, ARENERZSHE BB
(BAK) FLiR. |

Hinrichsen< 12810 T R A EE X S K/BAK B S BT . B F i kb3
AEBRBEA. Zih. 208 GRELE) MRBRREEE, SiT4vhs, e
[RSRERE T40%, RSV EYMEEME L LR AR ST RS,

Averous3F[129,13018 MM M A R EEBL AR THR T P 347 1, BAKIE R B1440%,
LU RS IE RN SBAKY [0 — E A EM.

MZWSFIBIAR T EHEE, WIFARK. BB = SRMSIE T s R E
RRBERZ RO AT E M S LB 221 8. SRR, EE W PEASES R & IR T
ABR =15 << KBRS < BRY, BAaMANPEART B KRR ER.
HinrichsenS5[132144 W R NING7E 5 R BRBL RS R B AR AR, MR &334 T 14k,
KUY EEREREENRE.

I
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DINEEA R IV R R E WX HE Bl 2 A TR BRI R A H AR T 4 3 & bR (3 46 5 R ek S 5T

1.3 ZRXEEMRAZTSEHW

g bR, H X REEBE BT S E P MR S B R RIS (REEK AR
RAELRemR . MUAEMIBERD) MR L. XURESBIGRRE L, SRFE&R, 8
B— 7R T, S5EHE, XS RARES TREOWR. AR L
B T/ERE, EM MRBEEBER A& R A B2 B e, AEaRem
PRI ARG, MRS RN, [ERXFE N TAEASE. T B iTH,
T R X B S AL B BB A O S5 M R BT T 90 . BB A 1 S et R
A FERFF LA

RN REEE A RS A S EREA, BRI, BB

R, BdEMAREER-RIEZETO . 14T 28, S oERACHERRK
PEAs. 230K RAEEXUFINHRR . 4B REBMI AR, SREH . B
ARV SRR AR, RS TN RS EA S,
HIR, SR ERREBRRAKRRRAT D R EMEE (IR . AR
PHE MM B R~TE), WEPEASTERMEET NS FETHAFERL, A
FT-IR. '"HNMR. DSC. SEME3H RFMA RS Y RARET S S H A 88024k,
12 Y R ERBE AR A AR AR DL o R A OISO B B9 5 ) A PEA s /K AR F A 1
I

HRGE T R RSB B RIE T MREART Y, MR T BEEERET
ML SRR TS TERL. AREWTHE, HUHKRE PEAs HEEWE
RRHLE.

BJE, R SRR R EE Rt B R BN ERE, AU SRR
R R R BB R A R e —— BT R VRS S FHAY.
R R R R RIER B RS R, 8 SRR
EME, A AR AR B

b1l
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R0 faliB SRR & N AR

X5 BEIRRSTICREEIRATS R It

i AR K — nBR - —JThE R oo R B RE B R C A E R R RITH 1%
MEREFIREAZPEAE . TERTARIMIR T, BT LR kp)RESEE R 2 DABLE N 8] 4k,
AR MAREMR BRRSZZARIMAEES TENESY, EEATEBRENTIE
GRAEE, CREATOENIREGH. RERFEFTBREEBIZK A — 2
YIRS BRBEREY), SRS RNREEBAEMAL, LR KRR,
AEMKHSCTR. 14T 8. CTRMCOCABIZ 24, REBREERE
BRI R BN . EHBEF, MALEN B FREF A4k, BISIAZTHF, M
AEPl B R R, ERBEENE, BRA SRR AT T L THRIE.

AERTRKAFERNE. A=, BABRMREBN R, Ry
RIACEEXNRE R VA=)t R .

2.1 RIGER
2. 1. 11X 5 28

OB (adipic acid, AA, 4, REFHEALTERLAT), O K
( hexamethylene diamine, HMDA, %4k, LEABKL T ), 14T — @
(1,4-butanediol, 1,4-BD, 7r#7&k, MBI EALTRAFEBRLF), S HBEE
(caprolactam, CLM, 54, JLREFTTEEF ), TR IUEE (pentaerythritol, PAT)
A =F2 (glycerol, GL) (B 440 ¥4/ &, KiEBEIL THERAT), 5 8 (tartaric
acid, TA, Zrthall, REBALI] ), BB (citric acid, 4474, FRE T RAF
J7), 4KBE T8 (Ti(OBu)s, th28l, REMLZRAMN ), =HER (P(CeHy)s, 1k
Fo, REERA TR ), [EFEE (m-cresol, {24, ®LEIMFEASZL T,
=@ F 5 (CHCl;, Zirsl, REBEEATHBAR)D.
FT-IRZ-#r: REPWHIL/MRNAZENICOLET MX-1E{# 37 #4140 Y618 4{% - DIKBr
IR R i « _
'HNMRAMT: BAWEH NMRIRZE S FBruker 4 7 AV-3008 B4R 24y
11, BURASE AR FERRESYEER (E05S PEEBE 4 , JIFSRE
FEAEPIER, TESZE AH300MHz,

—
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R A B T B 2 B 8 3 HE B T TR BB I TR BL TR AR 4T 45 3 Ao b 00 46 5 MRAR A E TR

DSC 4+#: B-oHatEae T EE TA 257 DSC 2910 Fi#fT, MEEHA
B 240°C, Fr. BBHEYE N 10C/min, BEUATHE AL HIHER 2 94417
IR, RERSYELERRP FIE.

TGA/DTA 4341 : B-E& YK E 3 #77L Perkin-Elmer 23 & 7~ § PE TGA-7 1T,
MEBEHFHE 600°C, FTHEEEN 10°C/min, FAAERERSEESBRIPTHE.

. BRaPRETCSRMETDNE, URBRBHENNREGER, HFER
FE T HEIES 1:10, MEEFN 30+0.1°TC, BRIKEAN 0.5g dL!. BET
N ER SR RS

! 1
[n]= .\/z(tzj] iy (2-1)
Hep, tohBEBEFMAETERRE INEL COhEBARE T R & f A,
CHREWEBIKRE,

2. 1. 2 {L BBEB AR RIS Al

Ae il i REEBL IS R A SR Bk, — B, EESEFT, B 39.0g
(0.267mol) T8, 13.0g (0.144mol) 14-T 8%, 15.4g (0.132mol) %,
12.0g (0.106mol> . ABEAKLA L TUE RIS A ZIRA UM HE A5 . (A vHA0
BB 1SomIUFUE A, MAFEZE 140°C, Bl 1 /NG, 7 15 4aNEEF
£200C, RN 1 /ARG, 995 ImBREES ., S AR FIEKER T B8 ($4k
BEEK 04%, HEHRFEER), £ 2B0CHERN 1 MG, BEEHBEEESE
S000PablF. IL/5 R RIHIKEEZHITF i, HEFYICH N HE, S EmE A
FIRMENREENFELDIASE. BeUEHE, ETP.OTHRB|PERESH.

FERBREMAL PR T: BREYETHRFBAEANRESERNT (R
A 1100, TRAESIE, SERIUEY, ZUEPH ZENRERERENRE, 8
T 70CETHEAEPTIE 5 hRTLA L, Baiied.

AXF o UZ . H=F. BARATERE IR, S016E8w
Scheme 2-1 7R,
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B_F RS CREEREN O AR

CHZOH OH

OH
HO OH COOH  HOH c%\
/\Olj\ Hooc)Y 2 CHOH  CH,COOH CH,COOH
HOH,C
OH HOOC
glycerol tartaric acid pentaerythritol citric acid

Scheme 2-1 Branching agents used in the synthesis of branched PEAs.

Z R IUEEA AR E 0 R EFHZ 900mg, KB R — R T =R UL
RELRE, rRlfrag A LPEA (R4 BYRESELNG ). PEAp2. PEAp4. PEApS. PEAp6.
PEApS 1 PEAp10. FFFH, SZAFIN=BEHNHEH 144mg A FE 720mg, BAHE
FIF B 180mg L7+ % 720mg. KR EIMBAS D T2 %4 PEAg2~PEAg10
1 PEAR~PEAR. FEBRIIHAEN T50mg, ARBLEER 0.6%.

AEFHBS I IRTEE, AP EXHMFTNARRERF 2, . &M%
PEAp2 FiIMAKZRINEES PEA2 FH MRS PREBE/REMEY. YELEBAT
B A SRR, o FhRRENESRERRK T RN T A

2. 1. 3B ER B AR IR 7K TH 3500

WREESYEREIR lem X lem X Ilmm AABBRY), BT 30°CHEMEkT, &
fR—EETIR] B, AREHRRTREKTE, HE (BE), BTAHEESTHR
7J($:

W:-W |
Water absorption % = twﬂ 2 %100 (2-2)

AT, WiARESYNEE, Wo ARSYNRBEER.

2.2 RWHER ST
2.2. 131k PEAs B9 HL

STE. B L4 T MRS NSRS FREGRRN, A%
MAGR Y — R . SHRPIMASBEA 22U L ERE AN, DR
RS, BoRRAEME, RNERHRE . SEPEANA BRI MScheme 22
BT
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PIEELAEM A B A W B A R BB E S TUR R O L 050 4% 55 RR A 1 BRI 5

@]
i g T1(OBu)
“NH Ti u
OH N OH 4
OHM + HZNW’ Ha 4 gor ™" + z } T
O
O H
I N H
HO/{\/\/O‘-CM\/CH i N P N \CWN+
5 H 5 _ H M

linear poly(ester amide)

Scheme 2-2 Synthesis of aliphatic poly(ester amide)s derived from adipic acid, 1.4-butanediol,

hexamethylene diamine and caprolactam.

r-—l

ARZER

BE O STALTIAY , 46 2R R N HU 2 80 K = ) — SR B A 4 RE 5 T Table 2-1

Table 2-1 Parameters for the synthesis of PEAs branched by pentaerythritol

PAT weight PAT feed PATratioto Reaction  Yield (7]

Sample color
(mg) ratio (%) AA(mol%) time®(hrs) (%) (dL g™

LPEA 0 0 0 3+7 75 0.738  Dark
PEADp2 160 0.2 0.44 3+3 85 0.892 Brown
PEAp4. 320 0.4 0.88 3+2.5 92 1.122  Brown
PEApS 400 0.5 1.10 3+1.7 89 0.960 Yellow
PEApP6 480 0.6 1.32 3+1.3 88 1.156  Yellow
PEApPS 640 0.8 1.76 3+1 85 0.947 Pale
PEApIOQ 800 1.0 2.2 3+0.7 92 1.024  Pale

"The reaction was divided into two stages: firstly it was performed under constant pressure and kept

for 3 hrs, then reacted at reduced pressure for the remaining time.

AMAFRUEE, B2 RMEBREFPMEEREE DA, EESIARNE
ENIE, FER, X—ARTAPRHFFEARNEEY. LSk s
O LT T1.0%0, SRR (] HLAR b & 10/ 4548 3.7/ . @1 IR S I a) RO 48
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BF NRRT BRSO RBREE R 5 A

. PEEIEE B EETIRR AR R, XA]

InEs s L R E AR OB BR — BRI R NS

DLTR =85 0 ST A6 R ) e i
R & (B 4558 £3.5/M8t (W Table 2-2).

EESE 33

—

Ll B 2
HE A2 a1

3 RARE R b BT EL

Table 2-2 Parameters for the synthesis of PEAs branched by glycerol

AL, HSR=BEHEFZR0.9%H, &

GL weight GL feed GLratioto Reaction Yield (7]
Sample Color
(mg) ratio (%) AA (mol%) time (hrs) (%) (dL g

LPEA 0 0 0 3+7 75 0.738 Dark
PEAg2 144 0.18 0.587 3+35.5 77 0.928 Brown
PEAg4 288 0.36 1.174 3+24 95 1.055 Yellow
PEAg6 432 0.54 1.761 3+1 88 1.023  Yellow
PEAgS 576 0.72 2.348 3+0.7 93 0.898 Pale
PEAg10 720 0.90 2.935 3+0.5 91 0.983  Pale

ERERNERPIAZEREAN, HHBEE22.3]. f£4xXd, 22K,

1,4-T B — REHIB A B 68
AA:1,4-BD:HMDA= (0267X2) : (0.144X2) : (0.132X2) =2.02: 1.09: 1

BHIEL(E R -

B, 1L4-T _ERNC_EAYRNEZ KT8, %EMEMAZSRZET
FifE, HkHECarothersH#E, RMMALER LR A. BT RNAEGESEST FHIT,

i AR IE R MBI R AT B R,
BRI = BE RN AN B2 B o0 800mg F1720me i, N4 5 14
BRSEANEBIEYEENI%). S FARERN, RN ES

EHER

DRI, I Al e ST B BR B A R & B
GBI =4, FIR

B ]1.055dL gty MA0.4%B0FER,

—

R AR, EARERT R, HFRN

BB (T
RNV BREAEKR

P, AT H B RS RIERE SCRE, JhE

EAN=EAHEN S NIEHTFEEEREN1.0%F0.9%LLA .
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FE40.738 dL g
BER, REET I RIAERF= 5 T B S s S e R e 2 L.
KABABRITUHN, HRARURNRE, PIABEGBEAEEERE
P4y fE. MTable 2-3FA[FH, HEARHEH.225~09%KNBILN, FEIks
BERHT (EF0.82 dL gD, PMIA ARG S0 2 LA BRI ITRE. Boh,
BRBE, RRCRETREENEIRN. #—LREELRERN, HaEar
ST RIFFEY.

Table 2-3 Parameters for the synthesis of PEAs branched by tartaric acid

TA weight TAfeed TAratioto Reaction  Yield [7]

Sample Color
(mg) ratio (%) AA(mol%) time (hrs) (%) (dL g'l)

LPEA 0 0 0 3+7 75 0.738 Dark
PEAt2 180 0.225 0.44 3+5.5 90 0.798  Dark
PEAt4 360 0.45 0.88 3+55 93 0.78 Dark
PEAt6 540 0.675 1.32 3+4 91 0.812  Dark
PEAT1S 720 0.9 1.76 3+4 89 0.806  Dark

o |

=g ZRE T R ETREA ST, BAEESTENEESY.

B EERTAEN, BIER. —JuEE N RS AR & I iR R B B AR
KR, IURFEROBEMNA=BRARRS=YH TR, MBEARATEBRA
EHEFRZ— RNHSAAR, XTTRSRENRE RGN RN,

2. 2. 2PEAs B FT-IR 4R

Wt AR P R LD A 68 34T T R AL - Figure 2-1 228 R R BRI LPEA 14T
AMER. BEF R, LPEAZE1735 cm ' BHiEA —ES St L i 45 E R i, 781270 em’!
Qb X RRI CO-OR BRI » 1170 em™ &b S C-O B (R b R 2R M 25 . 721640
e A 1540 cm HHE 43 BI7E — BRAE SR R R Uicig, BN BERETSFIBLRRII , X4
HR\BE WS FhERABRER AT,
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Figure 2-1 FT-IR spectra of LPEA.

LPEAZE3306 om™ fHE S — 5 (B 2R IR MR, 3EAERE 3380 om  AiE, B0
BRAHT[4,5], T4 BB WA — B AR 8 LR A B % — BE 1S4 (40Scheme 2-3
Fim) BUIN-HIEGERENIE, MBI RARR A NT B, S8 £ B — B
T B AETE

\ /™ /

C=——=0 ~==~~ H——N C===0 --~~-H e N

N/ \

ester amide amide amide

Scheme 2-3 two kinds of hydrogen bonds in poly(ester amide)s.

“HH” HBtE ERERSBIBEE) N-H{BgEHRshH N 23440 cm™ fiHiL H

I8, Figure 2-1PA R HAR AL RBERUAE P IR KILIX—RIH, REREYPEEE

BT D . £ 13077 om™ HHE 88 5508 th A 4 R B REN-HE 10 R GE 5 1]
M AR BRI B SLPEAAE IR 2L SM R e iR, W.Figure 2-2.,
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Figure 2-2 Typical FT-IR spectra of branched PEAs.
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Figure 2-3 'H NMR spectra of LPEA, PEAp4 and PEAg4, respectively.

PR MNMEmMRAKRDATLLAKGEH S FHE (ester linkages) FIFEiEHER
(amide linkages) HIFEL. LILPEANHI, vHHE -4 Wester/amidel) & B,
ester/amide = A,/A, = 0.6417/1.0000 =~ 0.642 8}

ester/amide = A/Ayg= 0.6667/0.9937 = (.671.
BI#EM, FA'H NMRIEBTUHEERIIBESUEEEERIE ST
PEAg4 Hester/amidett {8, % 5% T Table2-4 &,

Table 2-4 The ester/amide ratios of PEAs from '"H NMR analysis

Sample A concm/Acopmcm A .ococm/Anicox.  Aconscm /Ao
LPEA 0.642 0.671 1.006
PEAp4 0.714 0.752 0.984
PEADS 0.747 0.802 0.987
PEAp10 0.769 0.806 1.018
PEAg4 0.789 0.833 0.960

*Which indicated the reliability of 'H NMR analysis results. Theoretically, the value of A NHC(O)CH?2-

fA.C{Q)HHCHQ should be 1.
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2. 2. 43 4k PEAs B9 DSC 34F
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Figure 2-4 The DSC curves of PEApx: (a) heating; (b) cooling.
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Figure 2-5 The DSC curves of PEAgx: (a) heating; (b) cooling,
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Figure 2-6 The DSC curves of PEAtx: (a) heating; (b) cooling.
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Table 2-5 Temperature for specific weight loss of branched PEAs, °C.

Sample Ta:l,,st.:am:igl

b b b b b e
T a5% T a.10% T a.20% T 4.30% T 4.50% T 4 0nset

LPEA 2737
PEAp4  258.8
PEAp8  261.3

PEAp10 248.7

355.9 378.0 396.9 4104 434.7 376.4
341.1 359.8 377.6 390.3 416.6 358.3
342.0 358.1 375.9 391.2 417.5 354.2

326.7 343.7 362.3 375.9 406.4 339.3

" Start of weight loss.

It"'I‘v:e:m]:vf:rau:u'e where the weight loss is 5, 10, 15% and so on.

“ Start of weight loss according to the TGA curves.

B Table 2-5F i, LB R-GWLILE270°C UL SR, T LB CMEE50°C Lt 1t
IR, RUSTUEBR TPEAMMREN . AR AYAE %N WEEH ST

320°C, REIPEAsH —EMHIaEH.

HADSCRSHTATLAE , KSR EWEEFEHLT1705180°Cr (@, FHit

He b, ZXEREGYNNTREEETEEEI180F250CHEEBEY K. HEW
AR, TEYRBREVEANTERTEARE, SRETEOAGR, 2
AR [B1HT T RS 05 R R RS BEREZE B0 TIRAE T 0B MR, RIS B MBRAT H KA T B
66T AN IREE, 4 FEETB S EAUM I EBREET « - HE, RN HEE
SWMERR, WRE. RREENTESSMEREEME, Firg TR amE
RBERT, [EREMERN TRE LR SR, Wit B Rm, REE

B E I T| T

FHA1502190°C (HS0FH R ZHTHI& KPEAK, H5PERE% n] =

0.758: JSREISEN1.66g/10min, #C170°C, 2.16kgsHI&ATHIR. )

HTable 2-6: AT F H, ZIEMA, BEYNHRMARE. B0 FHLILE 8
AT ARCEEMIE S . T M B OB R B ) PR, L

MW KXENFANEGMETEEEM. SADSCHOFERTUNY, Hi
B BUIE RTE A RIPEASII SR £ 0 505, X4 72 A I [ PEASIE b
Gidh, MSUERMERENYE, BOWREMRMRI R L.
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Figure 2-7 the TGA/DTA curves of PEAs branched by pentaerythritol.
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Figure 2-8 Water absorption of PEAs at 30°C. (a): PEApX; (b): PEAgx; (¢): PEAtx.

H-EEATH, £REWATRMEMELIL, FENESMALE 8 RELSIR
KFE, BKEAT 10%. REFXEREVZEE K S EHTHE LD, XTaL
HT ROV S AR E TR K HZ%i.

2.3 REFINE

KABMESE, SHURRUE. A=, WABRAEEBR YT, b
—B 1 4 TR, CTENC AR 8454 5 TPEApx. PEAgxFIPEA =N E
VRIS R BR B, X H 54, AN REFERRNE BT T 047 LU 21k
i, BAFRSTTENESY.

GRRYA, FRUENHZEHMABRIF IR B, k%5 R N
o, RETYSTE. ENREBRENERETEEERN, BRBNETHL,
ALF RN =B RBRNSN . 4503 R EE =R mA R4 B R e
rEd A S B 191.0%500.9%.

FT—IRRARSW I TR ERM DR B — Bk S @S — B h Sk
"H NMR 3 5 &40 =0 BT/ R B R 2 2 LB 35 ST I B B T RS T v

DSCH TR & RAIPEASE — R EME MBI ILEY), NE— M RRE T —2
sl ERASERBEN TRNMREANRBRZE, RAYNELBEE. WL

—

|

35



R BRI AL R R AR X He 5 1 ST AL SR MR B RS A I C R SR ET A 5260 FE LB &8 5 PR AR HE BT 9T

XUWFIERF &, PEASHIBESNGRERETEOE, SREHKERE, ¥35RH
RO E— Mg, HEEXUAESENAS, ShEHENE,

TGt B, BEESMFI S BT S, AREHETR. #— S EZHBOWER
WXALEN . BEYBSATI80CLIT, MHASMHIET250°C LA L, KL PEAK]
BEERL B, AOREBEUTE MR WNTEEXE, XEIETES
RIEFRIID T RS, SERERINTEXH150~1907C.,

ROPHBEHREERUTRERERSY, AlATHRBMERE, HiET
A /b2 [6) B By ek B B A S0

PEAsH) FERAKEEI0%ELT, WX BEBE /K m R,

36



5 RN ST A SR B B R K ol g A P L BT 9

¥=F BT REEERRKRIERIERETR

HAl, XAIEYREERSYHREEAFABEEANEREE, ZRREWHIK
MR TR RIBERAIIR(1.2]. BETNEETHN. REUMERF (GEEME
R MARREME YRR, —ERERBNECHNRBRHNR ZARESLL
AR RFATRI3], MEILR. KOHERSR AR 7 NB1TH.

FEEAMARNRRERERRT IR T RN KEREITIRERWE
. TESCEAL B, BUTRSCHEERIS AT BRI RE R .

3.1 B ER 4
LLIRF SR

ce MU RBEBARE (LPEA) VARERIVEE. W =FEMEAES 54 REEEL L
(PEApx, PEAgxFIPEAtx), Hi#l, HRENSFE —F. BEBEA — 4 (Na,HPO,) Fil%
BREH (NaHPO,) (EASHal, mELERNTT), 88 (citrc acid, 47
an, BRARF AN ), DEALS(NaOH, 2474l Nk i ek ), L4 (KCl,
TR, TARMSRHFH AT D, BEALE (NaN;, 4tfal, hBRa2R7 ).

pH{E 3. 0 Kcitric acid-Na;HPO,Z T« pH{EA 7. 0 [{Na;HPO,-NaH,PO, 4%
W pH (B4 11. 0 BINaH,PO,-NaOHZE S Ml MBS I S A0 = SCik [4] . 7R
RPN 0. 03%RIBEALE, LABH b4 A m.

AR R E N E R .

FT-IRFI'H NMRWRFEE - F. YREBAEE KRS BE— B[S, ThS
BHT LARRI TR BRI ZE R B SEnT, e T 01aER ey
6:1, LIYE'HNMRSHT,

(% HE ) DSC 4347 F Perkin-Elmer DSC 7.0 040474 88 L 3E47, M IR
MR 250 CHTHRMEZ, RE 2 HPHRANY, BRESEERE L, T+, &
GIEREER KR 10°C/min, HEmMERTEP THE.

pH it: PHS-25 BB, iR E{ISER AT,

SEM 7r#fr: Amray-1000 B3 B8, XM Amray 2 77,

37



oo [ BE R 9T/ R B A e T AE 7 e SCAG SR BRI M R IR T 4 B S bRk (1 26 15 e BB T 5T

3.1. 2B BR R AR AR Ay Il &

KR AT AR SRR AT (BB 1:10), BT8R
AEEPRERE L, TERTERERET, BE 10°CLEMEFHE 48
i, BS TR 70°CH AR 5 AN RLE . B, BEIROKB I/,
FI 1 AR IBER F IR BSEARRL, WoAR-E RO B RS T0un. MR T P05 T HRas 45
Fl. BBMILPEA. RIEAIT =B Y LMPEASE R TN IE TR, 8712
A, (AR LMPEAs BAREEAUN, (RS p AL AR,

r—l

3.1 3B AR ER B AR Ry T R P R

R EYIEEEBIA 1 cm x1 em KNSR, E T 80 ml pH 11.0 # NaOH ¥
T, EAEREE FEME (4037, 50 F180°C). BIE—ERAH6)SH RS, ZEMEK
PUREIR, T0CETHEP TREBEE, HREHNEE. HEEME ol MR,
BRPARBE—IRERER.

3.1.4%@5&%%‘:&&@7}(%&%

RESYBRBE A 1 cm <1 ecmKDEYR, BB ET 30 ml pH 7.0 &
Na;HPO,-NaH,PO M. pH 3.0 HiCitric acid-Na,HPO,Z & FpH 11.0 #4
Na,HPO,~NaOHZE &R T, T 3TCT M. SRR a/EE RS, gk
PEREUK, TOCHESHMBEPTREEE, MEHWKEE. HERERERPHETRE,
TR — BB — IR PR

3.1 5B ESEt BB 7E KCI 330 P BB AR

Bofil 0.01M A KCI K HFEIN 0.03%H B R4, 184 200me B BB
BRHET 25ml FHERT, AEFEN, BETAE K, AEFHBERNBEA
37CHIER K S . SRR EIEE, AT pH iHRER K pH 4.

38



B RSO R BE BT KRR A 14 RERAT R

3.2 RWHEREVHE

razuﬁmmﬁ%ﬂﬁh&E%M*i

3.2.1. 1pH {H &M

Figure 3-1 & LPEA HREAR] pH EHXETHIFAERKEN. AETTEE,
LPEA EWRMAHIFTRE FERER, RERXRZ, THRE. AERENE, XTFA
A& H R PEAs B ANRIKELE, RS BISTRIF A R HI PEA H1R 8457 KRR
L pH AE R KT 7 8, 1XH A] BE & R AR = AL AN (R TR P SR A [BaE A .

50

|

40

a2
o
L

weight loss (%)
1
1

10 -

degradation time (days)

Figure 3-1 Weight loss of LPEA films in different pH media at 37 °C.
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Figure 3-2 Weight loss of LPEA films in pH 11.0 NaOH at different temperature.
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Figure 3-3 intrinsic viscosity of LPEA film or disc in pH 7.0 PBS at 37°C.
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Figure 3-5 The effect of glycerol content on the degradability of branched PEAs, in pH 7.0 PBS at 37
C.
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Figure 3-7 weight loss of PEAs in pH 7.0 PBS at 37°C.
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Figure 3-8 DSC curves of LPEA degraded in pH 7.0 PBS at 37°C.
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3.2.3. 3FERE1F2 P PEAs IS AR

H FT-IR 4347 7 B EEBEAG A AR IR R B0 55 &4k

Table 3-1 the FT-IR peak area calculations for PEAs degraded in pH 7.0 PBS at 37°C

Hydrolysis time C=0 ester group C=0 amide group

Sample AMALS
(days) Wavenumber (cm™) Wavenumber (cm™)

0 17372 1649.3 0.603
LPEA 67 17334 1640.1 0.569
174 1732.9 1639.8 0.429
0 1735.2 1638.1 0.714
PEAg4 67 1733.6 1636.0 0.582
174 1733.3 1636.7 0.556

% A, is the peak area attributed to C=0 ester groups;

® A, is the peak area attributed to C=0 amide groups.

BB THRTAER AW TAUKRO S, BRRABRSE, Al
REERE TR MO EFENH.

LA LPEA F1 PEAg4 A#l, FILL4M&M EZ OMNIC E.S.P. 5.2 4+#7 7 ER g oL ik
BARCREE AL, FHEII5F Table 3-1 . HEDAEH, MEHEEN
MK, MTAMEEY, BNNEE/BEEOERETIE TE, XV RETE
MK ERLES, BERKKENR Y ERER.

Fi'H NMRE ARG RSB —5 547, LPEA. PEAgd FIPEAp4 7E%
ARILFRAT S ' NMRi% B 4 5 WFigure 3-10a). (b)fi(c), HEHHNESNS =
MR . HEFRN, PEAsRRME, 7E 3.27~3.30ppmib IS H 2 K iadh, %
BT —CHOHMBRELRT, ZRESBIE PR R M5 NE~=Y.
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Figure 3-10 the 'H NMR spectra of LPEA, PEAp4 and PEAg4 degraded in pH 7.0 PBS at 37°C.

SR NBER RN L FEER TENEH ST Table 3-2 &, 7] LA %
B BN/ BE A B LB R FRIRAY, XS LAl S 25 R — B, 38— 45 32 0 SR Bt
BREEAKHBP B MR AR R LABR K R B0 E B T RR.

REZENMA, MEXARETENAE, BEEYWHEyBL SR L5 2%
KRG, A, AR TS BRI () AR T R B AL & B T B T e SR B 2 —
ATEURZ AR S BN &.

Table 3-2 the "HNMR peak area calculations relating to ester and amide bonds of PEAs degraded in pH

7.0PBS at37 °C

sample time (days) A coocr- 1 A ccommcn- A ociocn- 1A NECOICH-
0 0.642 0.671
LPEA
215 0.626 0.665
0 0.789 ' 0.833
PEAg4
215 0.646 0.737
0 0.714 0.752
PEAp4
174 0.362 0.660
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3. 2. 3. 4PEAs A4 FERE T FERRE pH EATRT
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Table 3-3 effect of PEAs degradation on the pH value of media at 37°C

Time (days)

Sample
0 2 12 19 26 34 40

Control 7.09 7.18 7.14 6.86 7.11 6.98 6.95
LPEA 6.85 6.67 6.49 6.51 6.74 6.45 6.38
PEAp4 6.91 6.87 6.53 6.42 6.21 6.17 6.3
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o REVHRB LRI THAREOEMN, ST LEDNRBHEREETE S
3, HTHRMER IRE. BE. BES), SXTRIEEHE, \HmE
BRI . BT AT A RREBES SN AT, F
EMMBL, XA REBERIRNER Y —,

3.2.3 5 M IR SR

X AR o 0 SR BT R R SR T R A AT TR, 410 Figgure 3-11 B,
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Figure 3-12 SEM photograph of LPEA film in pH 7.0 PBS at 37°C, 35 days.
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Figure 3-13 SEM photographs of LPEA film in pH 7.0 PBS at 37°C, 215 days.
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Figure 4-1 Schematic diagram of polymer degradation under aerobic and anaerobic conditions.
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Figure 4-2 Intrinsic viscosity change of PEAs in exposure test.
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Figure 4-3(a) The 'H NMR spectra of LPEA films at different exposure time indoors.
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Figure 4-3(b) The 'H NMR spectra of PEApS at different exposure time indoors.
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Table 4-1 the ester/amide ratio of PEAs in exposure test from 'H NMR analysis

A copcms/A A ocioc /A A comncm-A
sample  time (day)
-CIONHCH2® NHC(OXCH- - NHC(OWCH2-
0 0.642 0.671 1.006
LPEA 60 0.714 0.757 0.956
215 1.005 1.070 0.932
0 0.747 0.802 0.987
PEADS 60 0.718 0.745 0.997
215 0.755 0.814 0.991

ROREENERERCYEENERE, TUREMRNESTS A0S
£, 0 Figure 4-4 Fim. MRATTES, ZLEMFEFR, KENT lum,

o

"ANRAY

Figure 4-4 SEM photographs of LPEA surface in exposure test (degradation time = 80 days). The

photograph of original LPEA film can be seen in Chapter 3.
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4.2. 2PEAs T 1EERR
422 18T

FEM R A TR TR, RERE SRR 2L, AR PEAs
MEDERAT . TREES, HIREERSE 25T 10%CHA, SF-— B
W TR EM pHE, FREAVIME, W Table 4-2, FHH, RPMHER
BLIEEE OMT 200) BB TEERMRERE, pH ELANFREE i,

Table 4-2 the mean pH value and temperature of soil for each month

Year 2003 Year 2004
Month
Oct.  Nov. Dec. Jan. Feb.  Mar. Apr.
Tempcramre (OC) 19 12 8 7 10 14 20
pH 6.95 6.65 7.09 6.87 7.21 6.52 6.88

# PEAs 70 - 3R HE3H SL 10 rh O RERERS (5] 384640 Figure 4-5 Fif. 7E49EFH
MEHEN, FENREYTTREEAREENTE. K, LR
B FREEERTRE PEA. RERBABILN PEAs, EFAAZA, EiRa
TETFRRIE L, RSN EREE, XHASESE = E R KK RRRRT
AL

SRR TERLE, WUEH, REOVIOKERFT S TR TSR, o
EREFNEF RN RS ERE AR, XA EEFEEE (W=
HEPNEE. BEWEA—RF W, 5 FHERSYEARFEPAFTR
) e ol . 1 e P
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Figure 4-5 Intrinsic viscosity change of PEAs in soil burial test.

SERATREEE], # A0 A)F N REARE B AW 3R A, 0 Figure 4-6 BT, 2mm
B HIZUIR LPEA £ 5 AR A SRR, X UL 87 138 03638 AR R — Ak
FEARERE . LEERERMIN, ATLURILRR LPEA MRS IR £ /iR, X2

HAYRERBHERER—MEHR.

0754 o
g u

~ 070-
1
o *
-
T 0654 \.
=
3 \\
9 0604 .
»
S \
(&]
g 058 —=— 0.07mm, film .
£ 1 —e— 2mm, disc
£ o050

b4 t———"T" T 77
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soil burial time (day)

Figure 4-6 Intrinsic viscosity of LPEA films or discs in soil burial test.
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4.2.2. 2FT-IRF0'H NMR £ 4f

HIFT-IRF1'H NMRYG #4387 T LPEA7L + 38 ch Fe iR 15 45 My BE I Rl i34, i
Sh S ATERAFEZ OMNIC E.S.P. 5.2 8 8]-COO-FI-CONH-I¢ f9 I #EL, W Tabled-3. i
REPEARRT 4, FEE T MIEER, B/BIEEBRSEERA.

Table 4-3 the FT-IR peak area calculations for LPEA in soil buria] test

burial time Band of C=0 ester group Band of C=0 amide group

ALMAL
(day) Wavenumber (cm’') Wavenumber (cm™)

0 1737.2 1649.3 0.603
20 17325 1639.8 0.528
60 17355 1640.1 0.470
120 1733.2 1638.3 0.421
160 1733.3 1641.0 0.319

B IRSHHIER TR — 4, T Table 4-4, X448 5 BEEE KB
HIFEMRAT A —B, MEREERBWRNFMEN =GR,

Table 4-4 the ester/amide ratio of LPEA in soil burial test from "H NMR analysis

Burial time A copcm/A A ococm/A A comncm-/A
(day) C(ONHCH2- NHC(O)CH2- -NHC(O)CH2-
0 0.642 0.671 1.006
60 - 0.658 0.983
120 0.623 0.645 0.982

“The peak of —C(0)O-CH;,- was partially covered by the peak of H,0.
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Figure 4-7 the 'H NMR spectra of LPEA films in soil burial test.

Figure 4-7 2LPEAT T+ RP MM E RN AL AZRLER. A[EH, b TIBR,
L F 3.20ppmE A MR B183E, ZERB TR —CILOHSET, HHBERER
B T4 — CHOHE AR .

BB B4 AT, PEAsHHIBHEMSCIR, BREANELMMmY SitiE,

David %3410 H T £ TR EMOPEASMA DA M E SMEBENEL, R
HMPEAB M AYRRN B — SR RTRROMR, 0 RMEE T MR s %
W BIF L. RARTEBATH SR P I BB h M A M M B, (BT
WISKI S IR R R AN, I th B R BB A T B AE Y R ) — F o



BIE FEb MO RRER I G O AT A R

4.2.2 JPEMRR R E

FIARARHEWET LPEA FRA 13 BRI REES, N Figure 4-8 7
Figure 4-9. 7 LiETHI 40 KJG, HERETHENMEE, B@P A RIMBEN
AR, EBEBRRANERNEHATE, ERAMEOEIRERFAERE
HEL, WbFR.

Na)

Figure 4-8 SEM photographs of LPEA surface in soil burial test at 40 days. The original photograph

of LPEA film can be seen in Chapter 3.

120 KJa, MEREBEME, SREERE, WBc): TEdT, T’
ABRTHRGYIEDFHEET, XKL 1 Sum, EA4 05um.
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Figure 4-9 SEM photographs of LPEA surface in soil burial test at 120 days

BT REE BRI M AN ERT A OREH R L. HEHESHRET 54AXE
MRLIF R BB AR P RO MERR, RILF R R BB S 5 S
fir, EERRASEHIE AR PR — R, RO R R R R
AEEEM. BEHARET — TERE L, WX RIHEE R T
PEA (IFEMR, RIRFEREFNBEENN. RETRGRE— SR H 4 WO RIBR
ML, W Keigo Aoi (6] AEMRY. o- BHERN _THAHSHREEEK, £H%
TN AR AEHAEIREMENRE. EREHNE, HAEEN, §
SRR YRR EEESTANNARE, Wi, CABRELRR
BE IR ER B AR AT IE PV e P AT MR I B S T R FLIRL6, 7).

W PR REEEE, JRAW TSR R TR s,
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SR HEIHCC R BB B A R

REERFEIRE K, U2 FETE TR, REWMrEy = T has rwis.
43 FEDE

REWA T REEBME B R R T WRETh . SRR N E T oI
o BBHMENREHEEEE T LSS, IWEINDHRET Y. BEBRES
WREFRI R R N EENG LR E S, EARRRE A T, BERIES
FRRAB AT 46, PIHICABA R A Zh EBHLA . 18 AR DA M by Y
REFHE, EHTHRZNAERETNME. EHRTREARDERAERERET
YRR

ERRNE. AEBEANEER=RIINSAREYT, BABT L HEER
B AR BH RN BHEE.
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BRI S B e X

AR A S A0 R MBI A R AR T 4 5365 b AL ) 4545 R Bk BB 9T

FLE RERR-SHITHEESHHEIESHENR

R ET R, H575 7 IR AR BT S MBS ORRMEIT A, £Y
KOVFRANERBRIEN R ED M, B—RBRERRINGS T . BELE
RAH, BTHRFRNESE LGN EYRES S FRONHZRRG 1), Hik

FROBACRNTEYRERN TR G FERRONE, B—HH, —LRA

BT, Wik RRGERSE, MEEE BRE BIFNEY R RIS 1
NEMERE, Bk, HRREREEGE R, R smREESTESY.

ERRRTTH, SHRRTHUENLTBEMAOMEEE (BRI E. HikaE
870MPa, BiRFKE12%) (2], FEBSMEESMEHEE, BRI EERE

R

+

BREHAE—.

R

et
(= |

5
i B

HREEVRBE S TEEY— =T/ REBEE S M, 1718

TR AR EN B SR RN R, H BB SRR EIT Y.

5.1 uliuEB4y

5. 1. i 5 1% 3§

FREEBURS RPN EREE: Q28K (TWR), CHEE @GN, 14-
TZE (s, S8 (T4, =R (b, mEEpe TR,

SACTE AR R (A4,

REMEBELTHRLATD,

ERRETHEE B L R AKX . AR T ¥ F RN 30%TEK
(e, RETEBECTERAED, S84 (TWR), THBAFEERA (3
AWFHE, FETREFFERAT), 36%28 (S, mEib2sts ),

EERBLAZ 5= BRET 4 AT

LRI, HMBRE: EHEH 1010 (FO[B-

(3,5- 2T E-4-HEFE) WRIZFRNUE); HMBIPER 7910; R B
FE (e, WEkwERA L) BERAFE24-—RE8E (B4 Q/GHSA
156-1998 trdE, EHRAF—T ).

PEA-ZRE S MR R RN SE (M Ra, askiieikihs

IO EhER (orthdd, kT
B-E,

WE”HSI J- )o pH 7.0 El{’NaH:PO;;-NazHPOq}@ﬁﬁEfEU /ﬂl-]_.
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BHE FEBRIZ-ZHREER O MEHE SR

STBEATHF Qi HL: TSSI-25/40 &Y, SEFFE42 25mm, L/D b 40, B ekl HLm e
R MR YRS RN HP-63D B, FHgTIAL T 0.63M ¥ B3 ) B
WAL CP—25 Bipb i il, B THMIAT &. TReHAHL: HY—W B, Al
B ERMERGHL . NP B XSZ—HS B A S M, ME 0.01mm ZE
R, TSR . HFEME: Amray— 1000 B F B0, =E Amray
NGB

&MY DSC M TG 4047: FiERESETRE. HBEN 1S% BRI
SRR 3 K, MIAMABIR AT . DSC AHiZEEE TA A= DSC 2910 i
1T, NZEERAFHEZE 250°C, F. BEEFEEN 10C/min, HREFAZEH S ER{E
B9 2 LAV R . TG e E TA A8 TGA 2910 LT, THEEE N
10°C/min, MEBRFHZE 600°C.

~—

5. 1. 2B BREB AR & KX

50 ARNEFHERARNME, FHIFAEE 180~200CHE#M, TEFFEEN
BIES, HZ2AELS. 28R E, BEHINTZE 0.1Mpall &, FFaii. &£
RN 2 PG, MZBES, FTHEE 200~220C, FXKE#HELHEKKRESHM
ZHEST. BRNEEZRSHAE 230~250°C, HKERN 7~8 /I EEHE. ik
WHEHEE. FIERRE 70CHET BT T 16 /T EB/KS. CUEIFEHE
i, B 30°CH S EREECY 058 dL g

5.1. 32MAHEFTEMAE

MR TR & ERRFELAE T ESE OB T. 8 SHRETH EET
BIE, HONBIERBEN 3 g L AE/KEBFEN L het, HEBKERT . BE
HWAINE 2% T HERAAT 2%RERRYS, WA 10 g L' MINaOHB B+, BAREHH.
KEFEKEZFBRHBHBURRRE, BHNLBTRESH, BT, KIKEA
70CHIEEMANET AR TREE. WEBRNSHRIB T4, 8K
TR H

PERREL SRR . KSR TR 160 g L BUIRNaOHEIRIE 2 /N fe, R
KPR 4 R B RRE,. T 6% BT MEh, KEKER, FFEE 40
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T BLE R T A B R AR R SO IR BE R AL R LR SR AT 40 51 A L ) ) 2 55 P 4 B 5

CAME T TR dE. atBRIR=RRETEF AL, SHTRMLE, ZXman,
F. BEHURFHFH.

TERRETYER M PEA i AL Fe T BRONI 22 6 BRET 4 41 7 F B2 BE B AR A A vE vl
RE (LUEREEA 1:10 MEFBRM=8FHANREEBFD &, B, ERETH
T, BIEACCRESHEPRLT.

5. 1. APEA-SS LT E S RIB R &

B —EBM PEA. 02%MIFLEFR 7910 F 0.2%HFLEH 1010, 0.3%HI%% — &
“FBERSBEHNAE, SERAEETIBISTBHE, FHEOBILER . M
ABHERE R O, TURF AL ERERE KA 150, 153, 170, 176, 176, 176,
174, 165°C, $EATEESFIZE N 45, 60, 75, 105 F 145rpm. FTERIRIE 80°C
PR T T8 5 P LAERRKS, BEEZRAH/PEA HE5MEL.

HatRER: SRMEBESHN 1. 2 7 4m, REREH 187~192C,
2l PEA P4 HETAHGN MR BR300 4 4388, HEEMERNTRM IS5 ETHES
VHE 5~8 8, L 6~7 08, MEREAEN ERA. $EMAEFEHY
A 10Mpa.

REMHIRRE: SFERERN, RTH “ramiex%)PEA”, HF x%H
FHEEREMEFTHESTTE: JANTHE, RRA “Reframie(x%)/PEA”; 4
HEFHET, FRHF “Merramie(x%)/PEA”, BERIRBEBRT, FENE M
LA AEIRAT R IEN 75rpm W TS, BTG A4AE S S22 T PEA B4
H,

0. 1.5 EMBALEIBIE

EAMHERMNRERRESER (BRER 4D FRMG®E, dg 8
PIRERPZRRAE, REEEEKE, KXG-DRBTEHEE T

Fiber content% = % x100% {5-1)
NP, WA HENESR, WRERESHRNEER.

70
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5. 1. 6 B IFHKEEIZ

R AR PEA Je AT 4E BRI H M B 2 58 & /D2 0.01mm 21/ R 83
AL, ERCESHMBENERLRKENER, MEFHE.

5. 1. TE S+ HlgY IRk =R

REESHEBARY (lemXlemX2mm) BA 70°CHEEAK S, FEHEE
R, WHRBTREAKS HME. BKENHHERSBE=%,

5. 1. 8E SR gk REFE AR

B—EE2HNESMENARY (lemXlem) 45133 A 20mlffipH 2.0 HCIE M -
pH 7.0 NaH,;PO4-Na;HPOLZE M7 EpH 12.0 NaOH¥EW P, 7E 50 5% 70°C T &4,
B — BT EECE, BRRTREAS, FE, tEHEESERERET . X4
MEFERR T BRE—RNEE, SRR E, T RREsBTREY, B
TREEEEKRE, HEAGDUHHERER, UHATESMEHBRE,

W, - W
Degradability % = ‘WG % x100% (5-2)

A, WOt B RGN TE, WM EREBE.
RERHHBER T, RAEYKIEEN 2mm A4, BT A 40K EZA % Imm
Yo S

b

1/ L |

5.2 MWHR51+iE

5. 2. 1PEA &K

£ 50 Ft R E & B PEA BT 270/ MAER LRI, BUK RN TG
HFIRSRP ERLESCHREL R, X—5EA RS SRt . —Bok
v, X THESMERRE, PRSI TEAERT MNREE,

o |

5. 2. 25 A M R MAL IR

JRRR (ramie fiber) 4T HERLAHER. LI E, RESHERSAR, L4
SMERAKEEME, SHPTEEOSSBERTETES, £75%, BRRE =
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BAGBR. E A URETER. KAEMRKE, B8R T (refined ramie
fiber, Reframie). Rt —FREAEEE NS EMM SRR MG, TR
ITEBRALTE, Bla2Ys, [FEmRA4EIK, XM 77 EB BRI A EFR 22 6HR (mercerized
ramie fiber, Merramie ). AT E&# B EENUR 0 MBEAT IR HFHH, RIAEILIR 2 3t
MR AT 4E 1 R H R — IRPEARIBUH

R 5T RRANLZ e PR R 4 A1 61 WFigure 5-1 57K, =3 AFHL BB E.

!
80 ~ |
. ﬁﬁmﬁ |
70 f |
60 - 4
" i :
E% 50 ~ P\
8 I
= §i 1647 \ i
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E 30 - i W" 1640
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Figure 5-1 FT-IR spectra of fibers.

& U&7 /8 W.Table 5-1, 7E1060cm™ G H LN BRBYE, BTAEESFIBE
FREM R, A3400em™ £ G X RT3 M Y5 B BI5R T 55 AR g

JR AR AL TR RS T R ER 2 6 E , A AR i 7E3393em ' 11630cm™ 4b #5105
B, WAAENRESEHEET N . ¥ TR YERRTE1640cm™ b U858 B
BB, AIRERATRARELAEE (BNaOHKM) FARE (054 &
Bl s

SRAR L TS, HMEMAYEERERE — RN, BEEASIS
HERFPRESFF=EEEK, AEESTREFEEHK, BESTFESEBEYTH
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BERLE RREBRE-ZBRASE SHES% SRR

B, 4T, 45 E . BUn) B AR K iE T &, Hfﬁ%é{ﬂatézﬁﬂﬁfﬁrﬁ[ﬂa
R TR L R AR O AMERI A DAE HiX— 8 Bradsfh, Bl %S, By
P o M S s (F3417cm ' #2 323407cm™).

Table 5-1 FT-IR assignments for characteristic bands of fibers

Peak no. Wavenumber (cm™) Possible assignment
1 3393 OH stretching vibration
2 2919 CH stretching
3 1630 Adsorbed OH, conjugated C=0
4 1425 CH deformation, asymmetric
5 1383 CH deformation, symmetric
6 1318 OH in—plaﬁe deformation
7 1157 C-O-C asymmetric
8 1110 Glucose ring stretch, asymmetric
9 1060, 1031 C-O stretch
10 895 Glucose ring stretch

5. 2. SM A EMERE

5.2.3.1TG &%

SEREF A MR R, R

LR T 2R AR RS R A AR L

Figure S-2REH . MTRMLABIEER T OERBEMENENL, HoMaE
FIF Table -2 . T KBBRNFE, “RFREATAE, EHLSERHET
MBUKFE, ERTRMRLE, BAREENREPREIR GITHRAETS%, =

i), HRAE

2 AT A IR B KB L
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Figure 5-2 TGA curves of ramie, Reframie and Merramie.

MEFRTEH, R BTRMLURAER VRS BRERKK LA, BRAKE
WKL (HZEZI0CHIRETEL), XRFFLTHEZNRBEERR DA
BEEBRNER. BRENXKTEVMHIBERTHTHR, HEATREEEE,
RARE R BRI BAERE .. FTARZERREAT 4, AR iE MR EiE20%.

Table 5-2 the typical temperatures of composites

Sample Tonset* (°C) T ("C) Water absorption (%)°
Ramie 316 248, 350 6.24
Reframie 357 340, 377 4,29
Merramie 362 381 3.73
PEA 396 420, 460 1.29
Ramie (25.9%)/PEA 354 360, 400, 430, 463 1.66
Reframie (24.9%)/PEA 360 390, 420, 440 2.04
Merramie (24.6%)/PEA 360 390, 410 2.09

® the temperature starts to lose weight from TGA curves;
® the temperature of peaks from DTA curves;

¢ water absorption was calculated from the weight loss at 40~100°C.
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B R AT YR AIA0360°C LU T B A 26 7 4%, MPEAMIA MRIBIEATE3%0CLLE, B
MEEAE350~360°C TR KE, A TAHERPEAZ A, FE AT LA™ BRETERBEA
SREEA MM REEN, WFigue 53R, RUEKALE, HHTRERIZ
REGZAZHLBEEN—F.

100

80- PEA
60 -

40 Merramie (24.6%)PEA

Reframie (24 9%)/PEA
20+
Rarmie (25.9%)/PEA
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" Figure 5-3 TGA curves of composites.

BEEMHhauaEBAE, KRR EMEEES, MFigure S4B TEH, M4
HEEN24.9%FF29.7%0, HWERBBEHI0CHESEISEC, BEAFHES
I 440 CHEE390C.
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Figure 5-4 TGA/DTA curves of composites with different Reframie content.

SURETTFHRMILEAT MRS, EREEFEMINES, R HE
BRSHER, FRAENBZZRAEEIT0CALEN BB MG, RERK
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5.2.3. 2DSC 44

MEEHAEHIDSC #i 8 BT LAR 2= BRETUE XM PEA A B AW . tnFigure 5-5KF
7~ BTFEAEMBRERAYE, EFENE EAEIEI0CELGH — MR TR UL,

76



FHE RN =R R SRR & S e

W ERT T, PEARETCI180°C AR, TISOCLUATER, SH%ELRE,
HARETA K, EHITE R E AR ERE RCEF MEE, 4R &iEH
W3, XEREH, FEoME AR eBAR R RS RRE S, X4%
W B RS EA RIS RITA6-7]. B, SREERKEBERAE. 45
FHEFMAKPEAR S RRFRHEAN, ANREERAENRERET —T0
A ERES.
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Figure 5-5 DSC curves of composites. (a): heating, (b):cooling.

5.2.3.3F 8RN ER

Figure 5-6 % Figure 5-9 7150 RBE. R&EH PEA KR T BR. KT R4 Bk
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Figure 5-6 SEM of ramie (25.9%)/PEA composite.

e Figure 5-6 [RRRET4E/PEA B ST M, ®HAKERGTRK, FEEHRE
W 29% 10pm. BURKIABRAES, HEBEAEERESY (Figure 5-6b F ¢),
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REMBRLC—EBE LU EAESREYNA TS,

s
18KV HﬂF.'-'l-

Figure 5-7 SEM of Reframie (18.7%)PEA composite (the Reframie didn’t be wetted by PEA solution
before processing).
BEREGEAAE AT HRE, REENE, B, E (Figure 5-7b), it
BOREABRBAE, AERSRHEMBRAEER, FEHKE, RBRE5 PEA
RRIEHI R TRRETHE S AR Z M R & AR E.

Figure 5-8 SEM of Reframie (24.9%)/PEA composite.
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Figure 5-9 SEM of Merramie (24.6%)/PEA composite,

BTRA BB XRMATERL BT RIS, RN | 20 L, REREH
SHEIIE, 0 Figure 5-9a FiF, LTS BEESRNEEIL, 155 PEA
fItk&6eh, 0 Figure 5-9b FiR.
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PR SEHOR TS, MRS TS T 145mpmbd, Fr/ao b 7 4 ) K
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5.2.3. 48 & MBI K

REBEABKERTE (—HBAREI10%, SRE -S4, BTFRkES
FBRETHERIIR N, BER USSR R SMEITBOKEEN . BT 5-&8EFE70°CHMKT
FkE, RMEHEMBHL4 I ERAEIBRE, R CLBIRAFR, &K
#F A Table 5-2Bf 7.

SABESETEOAR, TAKENX, AREHEAFHE.

SEMNTULE LN RKENZWER, —REEZEK > BT > 205
EaY. RELUHETHESPEARGE SN EREE, ROt s BEmEmE
B, EHBRRSOEY, THUPEARTARE, KEBEHEM RN, SHRMZ
G, REEE, HPEARSESEREE, KT 820, SRKERE,

Table 5-2 effect of fiber treatment on water absorption of composite, 70°C

Ramie content Reframie content Merramie content
0 -
25.9% 31.3% 249% 29.7% 38.3% 24.6%
Waps%  7.48 14.3 16.3 12.3 12.7 12.9 10.6
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Figure 5-10R A AAE S BN MR TN ESSE, TREER—BA
HE, REARERIE. T, AESEME, EETHME, X—HEEEY
FERERTEBIERRIEK, TUSELERENNEN, B—HEEERERH
17, BRELHEFERET KD, SAERFUNBAK IR T35 PEAR KR/ .
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Table 5-2 effect of fiber treatment on water absorption of composite, 70°C

Ramie content Reframie content Merramie content
0 . e bt et ebmerm et e T A, <Py 8 e ' - . A R 8 o g g e AT A e e
25.9% 31.3% 249% 29.7% 38.39% 24.6%
W% 748 143 16.3 12.3 12.7 12.9 10.6
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Figure 5-10 The effect of fiber content on the degradation of composites.
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Table 5-3 the degradability of ramie fiber/PEA composites at 335hrs

Reframie content

sample PEA
24.9% 29.7% 38.3%
Degradability(%) 80 46.6 33.6 20.7
524 2B R MBI

FREGRBRIEMLAFATUBESR SR ORI, HSEEAE
- EEMBHE Y BOERE, TR K AR PR AR BR8]

Table 5-4 the degradability of ramie fiber/PEA composites at 335hrs

Ramie Unwetted Reframie Reframie Merramie
Content 25.9% 23.1% 24.9% 24.6%
Degradability(%) 35.8 60.7 46.6 36.1
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Figure 5-11 The effect of fiber length on the degradation of composites.
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Figure 5-12 Effect of temperature on degradation of composites in pH 12.0 solution.

5.2.5.29T & pH {EHF T

EF=FEHNRETCLRD, PEATEWMEER P RERNR, By, b
B8, WTE&HE, WwWRILT A, WFigure S-1357T, ZERAEIZS/HIHTS,
RIBRVEN PR R M R RSB AR, MR T R OB, B4,
PR AERR TRV B K R T P SR AR P WK R, XAl 885 A R R
FH AR R .

115

110 -

95 -
—a—pH7.0
—a—pH 12.0
90 4 —4—pH2.0
85 Y v ! ’ I d J T ! 1 ¥ ' T v
0 80 100 150 200 250 300 350

degradation time (hrs)
Figure 5-13 Effect of pH on degradation of Reframie (38.3%)/PEA composite.
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Figure 5-14 Effect of disc thickness on degradation of PEA and its composite. (a): PEA;

{(b): Reframie (22.1%)/PEA composite.
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