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Abstract:Theliquefactionofwalnutshellbyusingsulfuricacidasacatalystinphenolwasinvestigatedunderdifferentratioofwalnut

shelltophenol, contentofcatalyst, reactiontimeandreactiontemperature.Resultsshowedthatwalnutshellwasrapidlyliquefiedun-

dertheconditions.Withprocessingoftheliquefaction, theamountofresidueandfreephenoldecreased.Therangeofmolecular

weightsoftheresultantsdramaticallydecreasedintheinitialstageofliquefaction, too.ComparingtotheconventionalPFresinadhe-

sives, theliquefiedwalnutshell/phenol/formaldehydecocondensed(WPF) resinadhesiveswereacceptableforplywood.
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　　Ithasbeenfoundthatliquefactionisoneofthe
usefulmethodsforutilizationofbiomass

[ 1 -2]
.Inthis

paper, theobjectiveistotransformwalnutshellinto
phenol-typeadhesivesbythermochemicalliquefaction
inthepresenceofphenolwithsulfuricacidcatalyzed.

1　Experimental
1.1　Materials

Walnut(JuglansSigillataDod) shellmeal( >
100mesh) wasdriedtoaconstantweightandkeptina
desiccatorbeforeuse.Thecompositionofwalnutshell
islignin53.81%, cellulose22.06%, hemicelluloses
19.90%, andash1.46% onadryweightbasis

[ 3]
.

1.2　Liquefactionreactionofwalnutshell
Amixtureofwalnutshell, phenolandthesulfuric

acidcatalystsolutionwereheatedinathree-flaskreac-
toratdefinitetemperatureunderconstantstirringand
reflux.Theresultingmixturewascooledandpouredin-
todioxane-water(V/V, 8/2) solutionafterliquefac-
tion.Thedilutedsolutionwasfiltratedunderreduced
pressure.Thedioxane-waterinsolubleresiduewas
driedtoaconstantweightandcalculatedforthepercent
ofresidue.Molecularweightdistributionprofilesofthe
resultantweremonitoredbyaGPCsystem.Freephenol
content( UFP) wasdeterminedaccordingtoGB/T
14074.13-1993.
1.3　Preparationanddeterminationoftheadhesives

Afterliquefaction, NaOHsolutionwasaddedinto

theliquefiedproductstomaintainthevalueofpH10 ～
11.Thenthecalculatedamountofformalin( 37% a-
queoussolution) wasaddedtohaveacocondensation
reactionat85 ～ 95℃ underrefluxwithtotalreaction
timeof5 ～ 6h.Thegeneralprocedureforsynthesisof
conventionalphenolformaldehyderesinwasfollowedfor
comparison.Thebondpropertiesoftheadhesiveswere
measuredaccordingtoGB/T17657-1999.

2　Resultsanddiscussion

2.1　Effectsofvariousreactionparameters
Table1showstheeffectofvariousreactionparam-

etersontheliquefactionofwalnutshellinthepresence
ofphenol, usingsulfuricacidascatalyst.Fromtheta-
ble, theamountofwalnutshellresidueremaining, the
molecularweightanditspolydispersity(Mw/Mn) ofre-
sultantsafterliquefactionreducesconsiderablywiththe
processingofliquefaction.Butareductionintheunre-
actedfreephenolwashappenedtoo, especiallyinthe
initialstage.Thismightbeduetothenatureofreactiv-
ityofphenol

[ 4]
.Intheinitialstageofliquefaction, the

amountofresidueandmolecularweightofresultantsre-
ducequickly.Butthereissomewalnutshellresidue
remaininginthesolution, andthemolecularweightand
itspolydispersitychangea little, especiallyafter
120min.

①收稿日期:2007-01-10

基金项目:国家自然科学基金 ( 30371132);东北林业大学生物质材料科学与技术教育部重点实验室开放基金 ( 04 -

10);云南省教育厅青年基金 ( 04Y420B) 联合资助项目

作者简介:郑志锋 ( 1975年生 ), 男, 讲师;E-mail:zhengzhifeng666@163.com



中山大学学报 (自然科学版 ) 第 46卷　

Tab.1　Theeffectofvariousreactionparameters

ontheliquefactionofwalnutshell

S/PhH2SO4 Time TempResidueUFP Mw Mn Mw/Mn
% min ℃ % %

Effectofwalnutshell/phenolratio

1/2 3 60 120 26.49 8.40 945 757 1.25

1/3 3 60 120 19.08 17.40 929 809 1.15

1/5 3 60 120 6.60 32.31 706 678 1.04

EffectofH2SO4 concentration

1/3 2 60 120 20.79 17.32 974 832 1.17

1/3 3 60 120 19.08 17.40 929 809 1.15

1/3 4 60 120 10.48 12.67 940 806 1.17

Effectofreactiontime

1/3 3 5 120 48.84 41.71 1030 884 1.17

1/3 3 10 120 25.88 36.10 994 855 1.16

1/3 3 30 120 22.21 28.33 963 832 1.16

1/3 3 60 120 19.08 17.40 929 809 1.15

1/3 3 120 120 15.62 10.25 919 802 1.15

Effectofreactiontemperature

1/3 3 60 100 28.86 21.94 979 846 1.16

1/3 3 60 120 19.08 17.40 929 809 1.15

1/3 3 60 150 9.39 14.33 990 814 1.22

2.2　Propertiesoftheadhesives
Table2representspropertiesofthepinepolywood

forconcreteformbondedwithWPFadhesivescompared
totheconventionalPFadhesives.

Tab.2　Propertiesofplywoodforconcreteform

bondedwithadhesives

Items Standardvalue PF WPF

MOR
(MPa)

Longitudinal ≥24 41 40.6

Horizontal ≥20 31.5 27.6

MOE
(MPa)

Longitudinal ≥5000 5442 5461

Horizontal ≥4000 4314 4299

BondStrength(MPa) ≥0.7 1.20 1.33

Woodfailure(% ) — 95% 90%

　　 FromTable2, WPFadhesivescanbesuccessfully
appliedtobondingtheplywoodforconcreteform.

3　Conclusions

( 1) Walnutshellwaseasilyliquefiedinphenol
byusingsulfuricacidasthecatalyst.

( 2) ThepropertiesofWPFresinadhesiveswere
closetothoseoftheconventionalPFresinadhesives.
WPFresinadhesiveswereacceptableforplywood.
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核桃壳液化及其产物在酚醛树脂胶粘剂中的应用研究
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摘　要:采用硫酸催化剂, 考察了核桃壳与苯酚重量比 、 浓硫酸加入量 、 液化时间和温度对核桃壳液化的影响。研究结果表

明核桃壳容易液化, 随着液化的进行, 核桃壳残渣率和游离酚含量降低, 液化反应初期产物的分子量也迅速降低;核桃壳液

化产物 /苯酚 /甲醛共缩聚树脂胶粘剂 (WPF) 与传统酚醛树脂胶粘剂 (PF) 的对比表明, WPF可作为胶合板用胶粘剂。
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