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Abstract:Copolymersofstarchgraftedwithpoly (lactic-co-glycolicacid) andpoly (lactic-co-glycolicacid-co-caprolactam) were

preparedbydirectpolycondensationofsolublestarchwithlacticacid, glycolicacidandcaprolactaminthepresenceofstannouschlo-

ride[ SnCl2] .ThechemicalmicrostructureoftheresultantgraftedcopolymerswasclarifiedbyNMRspectroscopyandthethermalprop-

ertieswasinvestigatedbydifferentialscanningcalorimetry(DSC) andthermogravimetric(TG) analysis.

Keywords:Biodegradable, Starch;graft;Directpolycondensation

CLCnumber:O631.1;O633.14　　Documentcode:A　　ArticleID:0529-6579 ( 2007) S1-0322-03

Starchasbiodegradableplasticsforitsnontoxic,
naturalabundanceandlowcost, hasbeenappliedex-
tensively.However, likemostpolysaccharides, the
highhydrophilicity, poorprocessabilityandsolubilityin
commonorganicsolventslimiteditswideapplications.
Therefore, themodificationofstarch, physicallyand
chemically, hasbeenextensivelystudied.

Chemicalmodificationsofstarch, includingchem-
icalderivationandgraftcopolymerization, areeffica-
ciousmethodstoimprovethepropertiesofstarch.Graft
copolymerization, asarationalapproachofchemical
modification, hasbeenextensivelyusedinthemodifi-
cationofstarch.Infact, owingtotheenvironmental
andecologicalconcerns, researchesonbiodegradable
compositionsbasedondegradablepolyestergrafted
starch-likepolysaccharideshavebeenfocusedonfor
decades.Biodegradablepolyesters, suchaspolycapro-
lactone(PCL) andpoly(lacticacid) (PLA) canbe
graftedbyring-openingpolymerization

[ 1]
orcoupledre-

action
[ 2-3]

.Butthesemethodswereuneconomicaland'
environmentallyunfriendly.

Inthispaper, twokindsofthestarchgrafthydrox-
ylacidandaminoacidcopolymersweresynthesizedby
directpolycondesation.Thisorganicsolvent-freereac-
tionprocessgivesaneconomical, facileand'environ-
mentallyfriendly'methodforthepreparationofbiode-
gradablemodifiedstarch.

1　Syntheses

Solublestarch, theaqueoussolutionoflactic
acid, glycolicacidandcaprolactamwereaddedtoa
250mLthree-neckedflaskequippedwithamechanical
stirrerandvacuumpumpsystem.Thetemperatureof
thereactionsystemwasthermostatedbyatemperature
controllingsystem.Starch wasfirstgelatinized at
75℃.Whenmostofwaterwasdrawnout, astannum
containingcatalyst( 0.3wt% oftotalamountofthere-
actants) wasaddedtotheflask.Thegraftcopolymeri-
zationwasproceededat120 ～ 170 ℃ undervacuum
( 0.085 MPa) forpredeterminedtime.

Tab.1　SynthesisofstarchgraftPLGAandPLGC

Entry

Weight/g

Starch
Lactic
acid

Glycolic
acid

Caprol-
actam

Temperature
/℃

S1 4.5 4.5 4.5 — 120

S2 2.0 5.5 5.5 — 150

S3 1.0 6.0 6.0 — 170

S4 3.0 3.0 3.0 6.0 170

S5 3.0 3.0 3.0 4.0 170

S6 3.0 3.0 3.0 2.0 170
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2　Resultsanddiscussion

2.1　Theassignmentofthecharacteristicreso-

nance

The
1
H-NMR spectra ofstarch-g-PLGA and

starch-g-PLGCcopolymersareshowninFig.1.Weas-

signedtheprotonsignalsintheNMR spectrum of

starch-g-PLGAasquotedinTable2.

Tab.2　Chemicalshiftassignmentsfor13C

and1H-speciesofSt-g-PLGA

13C
assignment

Chemical
shift/10-6

1H
assignment

Chemical
shift/10-6

CandH
species

Ca
174.1, 169.8,
169.3, 169.1

-- --
-C=O
(LA)

Cb
172.2, 171.2

, 167.2
-- --

-C=O
(GA)

Cc
65.8, 65.7,

65.5
Hc 5.20, 4.21

-CH
(LA)

Cd
61.2, 60.8,

60.1
Hd 4.81

-CH2

(GA)

Ce
20.4, 16.5,

16.6
He

1.22-1.29,
1.41-1.46

-CH3

(LA)

C1 128.1, 125.5 H1 4.91
O-CH-O
(St)

C2 69.2, 69.0 H2 4.60-4.66
-CH-
(St)

C3 73.1, 71.6 H3 3.50
-CH-
(St)

C4
79.3, 79.0,

78.7
H4 3.70

-CH-
(St)

C5 68.7, 68.3 H5 3.80
-CH-CH2

(St)

C6 59.5, 59.3 H6 3.90, 4.10
-CH

2

(St)

-- -- H7 5.50 -OH

Fig.1　1H-NMRspectraofstarch-g-PLGA

andstarch-g-PLGC

2.2　Thethermalpropertiesofthecopolymers

Wehaveinvestigatedthethermalstability( tem-

peratureofthermaldecomposition, Td ) andglassy

translationtemperature(Tg) ofcopolymersbythermo-

gravimetricanalysis( TGA) anddifferentialscanning

calorimetric(DSC) measurements, respectively.

Tab.3　Thermalpropertiesofstarch-g-

PLGAandstarch-g-PLGC

T(℃ ) Starch S1 S2 S3 S4 S5 S6

Td 271.5 235 245 269.8 150 225 210

T
g -- 27 23 15 -15 -6 3

Comparewithstarch, theTGdataandtheDSC

dataclearlydemonstratesthattemperatureofthermal

decompositionandthemeltpointofthesecopolymers

arelower.
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切削大塑性变形制备纳米材料

邓文君, 万珍平, 赵小林, 李　勇
(华南理工大学机械工程学院, 广东 广州 510641)

摘　要:长期以来, 切屑都被看成是金属切削过程中产生的废物。最新研究表明在一定切削条件下形成的切屑几乎全部

为纳米结构材料。首先分析了切削加工中材料的塑性变形特征, 然后将切削大塑性变形制备纳米结构材料工艺与其他传统

的剧烈塑性变形工艺进行比较, 发现切削法具有工艺简单, 价格低廉, 生产效率高, 对高强度材料同样适用等优点, 同时

还可以减少切屑回收过程对环境造成的污染。

关键词:切屑回收;金属切屑;纳米材料;切削

中图分类号:TG501
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直接缩聚法合成淀粉接枝可降解聚酯和聚酯酰胺及其表征

路德待, 王寿峰, 任宗礼, 张小伟, 雷自强
(甘肃省高分子材料重点实验室∥西北师范大学化学化工学院, 甘肃 兰州 730070)

摘　要:以可溶性淀粉 、 乳酸 、 乙醇酸和己内酰胺为原料在氯化亚锡催化下直接缩聚制备得到了淀粉接枝乳酸-乙醇酸共

聚物及淀粉接枝乳酸 -乙醇酸-己内酰胺共聚物。用核磁共振 (NMR) 、 差热 (DSC) 及热重 (TG) 分析分别对产物的结构

和热性能进行了表征 。

关键词:生物可降解;淀粉;接枝;直接缩聚

中图分类号:O631.1;O633.14
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