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Abstract:Theorthogonalarraydesignmethodwasadoptedtooptimizereactionconditionsofgraftingpoly (N-vinylpyrrolidone)

(PVP) ontopoly ( 3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV) backboneinchlorobenzene.Theresultsshowedthattheweights

ofN-vinylpyrrolidone(NVP) andbenzoylperoxide(BPO), reactiontemperaturewerethehighlysignificantfactorstoaffectthegraft-

ingratio(GR% ).The90% confidenceintervalontheestimatorofGR% undertheoptimizedcopolymerizationconditionswas( 9.83

±1.14)% whichwasinaccordancewiththeexperimentresult( 10.48% ).

Keywords:graftcopolymerization;orthogonalarraydesign;graftingratio;PHBV;PVP

CLCnumber:TQ325.7　　Documentcode:A　　ArticleID:0529-6579 ( 2007) S1-0044-02

Recently, abiodegradablethermoplasticpolymer,
poly(hydroxybutyrate-co-hydroxyvalerate) (PHBV) ,
isattractingmoreandmoreinterestsinresearchandin-
dustryfields

[ 1]
.Poly(N-vinylpyrrolidone) (PVP) has

beenwidelyusedasmedicaladditivesorpolymeric
modifiers

[ 2-5]
.Inthisstudy, PVPwasoriginallygraf-

tedontoPHBVtosynthesizeanewnovelbiomaterial
whichwouldcombinetheadvantagesofPHBVsubstrate
andPVPgroups.Theorthogonalarraydesignmethod
wasadoptedtooptimizethereactionconditionsforob-
tainingthehighestgraftingratio.

1　Experiments

1.1　Materials
PHBV ( TiananBioproductsLtd.Co., China)

wasrecrystallizedfrom ethanol.N-vinylpyrrolidone
(NVP), purchasedfromFluka, wastreatedwithactive
carbonsorptiontogetridoftheinhibitorbeforeusing.
Benzoylperoxide ( BPO), obtainedfrom Shanghai
ZhongliChemicalFactory, wasrecrystallized from
methanol.Chlorobenzeneandethanol, suppliedby
ChinaMedicineGroups, wereusedasreceived.
1.2　ReactionofgraftingPVPontoPHBV

ThePHBVpowderwiththedriedweightof2.5g
wascompletelydissolvedin25mLchlorobenzeneina
three-neckflaskandthegivenweightsofNVPmonomer
andBPOinitiatorwereaddedtoit, thenthesolution

washeateduptoachosentemperatureundernitrogen

atmosphere.Theselectedfactorsandlevelsinexperi-
mentareshowninTab.1.Afterachosenperiodofre-
action, the100mLethanolwaspouredintothesolution

Tab.1　Selectedfactorsandlevelsintheexperiment

Factors
Levels

1 2 3 4

AReactiontemperature/℃ 100 110 120 130

BReactiontime/h 1 2 3 4

CBPOweightinfeed/g 0.2 0.4 0.6 0.8

DNVPweightinfeed/g 2.5 5.0 7.5 10.0

withstirring.Thentheformedprecipitateswere
filteredandwashedforseveraltimes.Thedriedweight
ofproducts(W) shouldbehigherthan2.5g.Fromthe
increasedweight, thegraftingratio(GR%) couldbe
estimatedasthefollowingequation:

GR%=
W-2.5

2.5
×100 ( 1)

2　Resultsanddiscussion

Tab.2 showstheL( 4
5
) orthogonalarraydesign

andresultsoftheexperiment.Tab.3showsthestatistic
analysisofexperimentalresults.FromtheTab.3, it
canbeconcludedthattheweightsofNVPandBPOin
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Tab.2　L
16
( 45 )orthogonalarraydesignandresults

Exp.No A B C Error D gr/%

1 1 1 1 1 1 1.23
2 1 2 2 2 2 4.56

3 1 3 3 3 3 8.81

4 1 4 4 4 4 8.34

5 2 1 2 3 4 8.78

6 2 2 1 4 3 4.89
7 2 3 4 1 2 5.26

8 2 4 3 2 1 2.74

9 3 1 3 4 2 6.98

10 3 2 4 3 1 2.43
11 3 3 1 2 4 6.10

12 3 4 2 1 3 8.14

13 4 1 4 2 3 4.75

14 4 2 3 1 4 6.89
15 4 3 2 4 1 1.25

16 4 4 1 3 2 1.09

feed, reactiontemperaturearethehighlysignificant
factorstoaffecttheGR% andtheoptimalcopolymeri-
zationconditionsareA3B1C3D4, i.e.reactiontemper-
atureat120℃, reactiontimeof1h, weightofBPO
0.6g, andweightofNVP10g.Accordingtobasic
principlesofstatistics, the90% confidenceintervalon
theestimatorofGR( ( 9.83±1.14)%) attheoptimal
copolymerizationconditionscanbecalculated.GR%
increasedwithincreasingNVPweightinfeedallthe
time, sotheexperimentsathigherNVPweightshould
befurtherevaluated.

Tab.3　Datastructureforstoringpacketdecodedinformation

Factors
Estimatoroffactorialeffect

1 2 3 4

Degrees

offreedom

Mean

square

A 0.60 0.28 0.77 -1.65 3 4.98

B 0.30 -0.45 0.22 -0.07 3 0.45
C -1.82 0.54 1.23 0.05 3 6.74

D -3.23 -0.67 1.51 2.39 3 25.11

Error 3 0.65

Fig.1 showstheeffectsofNVPweightinfeedon
GR% (otherreactionconditionswereA3B1C3).Itcan

beseenthatGR% increasedwithincreasingNVP
weight, reachingtoitsmaximumvalue( 10.48%) at
NVPweightof10g, andthendecreased.Thehighest
GR% valueisinaccordancewiththeestimator.

Fig.1　EffectsofNVPweightinfeedonGR

3　Conclusions

PVPgroupsweresuccessfullygraftedontoPHBV
backboneinchlorobenzeneusingBPOasainitiator.
TheweightsofN-vinylpyrrolidone(NVP) andbenzoyl
peroxide(BPO), reactiontemperaturewerethehighly
significantfactorstoaffecttheGR%.Theoptimalco-
polymerizationconditionswerereactiontemperatureat
120℃, reactiontimeof1h, weightofBPO0.6g, and
weightofNVP10g.ThegraftedPHBVwithdifferent
GR% canbeeasilyobtainedbyvaryingtheNVP
weightinfeed.
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摘　要:采用正交实验设计优化聚乙烯吡咯烷酮 (PVP) 与聚羟基戊酸 -co-羟基丁酸共聚酯 (PHBV) 在氯苯溶液中的
接枝反应工艺。结果表明:乙烯基吡咯烷酮 (NVP) 与过氧化二苯甲酰 (BPO) 用量, 反应温度显著影响接枝率 (GR% )。
在优化的反应工艺条件下, 接枝率的置信度为 90%的置信区间是 ( 9.83±1.14)%, 该值与实验结果 ( 10.48% ) 一致。

关键词:接枝共聚;正交实验设计;接枝率;PHBV;PVP
中图分类号:TQ325.7

45


