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MolecularWeightEstimationofCo-condensationResinof

Phenol-Urea-FormaldehydeSystem

ムy

Shin-ichiroIsHIDA,＊YasuoKuRA,*＊ＪｉｒｏＭＡｓｕＭＩ**＊andKatsumasaKANEKo＊

Synopsis

Amethodofmolecularweightestimationfortheco-condensationresmsofphenol-urea-

formaldehydesystemwasproposedSampleswerepreparedbytwostepsreaction，ｔｈａｔis，earlier

condensationproductsofphenolwithformaldehydeandureawithformaldehydewereprepared

separatelyandthenputtogetherat80oC、Theco-condensationproductswerefractionatedby

fractionalprecipitationwithacetone-methanolmixedsolvent-watersystem、

SpecificvolumeIDanddiffusioncoefIicientDAofeachfractionwereObtainedfrom

measurementofsolutionviscosityanddiffusivity・ＴｈｅｆｏＵｏｗｍｇｒelationShipbetweenpandDA

wasfoundtobevalidregardlessoftheirheterOgeneity，

901/万丁＝Ｋ

ＩｎＤＭＦａｔ２５ｏＣ，Ｋｉｓａｂｏｕｔａ３１×１０－３regardlessofreactioncondition・

Smcetheviscosity-diffusionaveragemolecularweightMｧD4isproprtionalto（ID。Ｄ』3)-1,
itispossibletoestimatethemolecｕｌａｒｗｅｉｇｈｔｏｎｌｙｆｒｏｍｌＤｏｒＤＡａｓｆｏｌｌCWS：

〃＝４３．３９５

Ｍ－０．１７×10-ﾕｏＤＡ－５/２ ●

１．Introduction

lnapreviouspaper1)，itwasrecognizedfrommfraredandnuclearmagneticresonance

spectrumthattheco-condensationreactiontakesplaceinphenol-urea-formaldehydesystem

anditbecameapparentthattwostepsreactionissuitableforthepreparationoftheco-

condensationresinsofhighmolecularｗｅｉｇｈｔｉｎｈｉｇｈｙｉeldsthanonestepreaction・

Moreover，someinfOrmationsaboutco-condensationreactionmechanismswereobtained

fromthestandpointofmolecularweightchangeduringthereactionbytheviscosity-diffusion

method2)．Inthatpaper,however，theaveragemolecularweightofunfractionatedsamplewas
treated、

Inthispaper，thesampleswerefractionatedandtheSpecificvolumeandthediffusion

coefIicientofeachfractionweremeasure｡、Fromtheresults，amethodofmolecularweight
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estimationwasproposed．

2．Experimental

2.1．Materials

Phenolwasdistilled・Ureawasrecrystallizedfromwater・Passingthroughacolumnofanion

exchangeresms，acidinfOrmalinwasremoved・Acetonewasrefluxedwithpotassium

permanganateandthendehydratedanddistilled・Methanolanddimethylformamide（DMF）were

distilled．

2.2．Preparationofresins

Phenol，formaldehydeandcataIyst（aqueousanⅢnoniaorhydrochloricacid）werecharged

inathree-neckedHaskwithareHuxcondenser，astirrerandathermometer・Thereaction

wascarriedoutatlOOoCandwascontinuedtillemulsionappeared・

Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，ｔｈｅｍixtureofureaandformaldehydepreviouslycontrolledpHvalue

at9byＮＨ４０Ｈｗａｓｒｅａｃｔｅｄｆｏｒ２０ｍｉｎｕｔｅｓａｔ８０ｏＣ、Intothisreactedmixture，thereaction

productofphenolandformaldehydewaspouredAndthentheco-condensationreaction

began・Wecalledthispreparativemethodtwostepsreaction

After45minutesthereactionsolutionwaspouredintｏｗａｔｅｒｉｎｏｒｄｅｒｔｏｓｔｏｐｒｅａｃｔｉｏｎ

ａｎｄｔｏｔａｋｅｏｆｆｔｈｅｗａｔｅｒｓolublefraction・Ithasbeendiscribedthattheco-condensation

resinsresolvedinacetone-methanolmixedsolvent、Thereactionproductswerethen

reprecipitatedwiththemixedsolvent-watersystemandtheco-condensationresinswere

obtained・ThequantityoｆｒｅａｇｅｎｔｕｓｅｄｉｓＳｈｏｗｎｉｎＴａｂｌｅｌ．

TablelQuantitiesofReagents

ＳａｍｐｌｅＮｏ．

〔Ｐ〕／〔F〕

Catalyst（inP-F
reaction）

〔Ｕ〕／〔F〕

1

0.5/0.5

ＮＨ４０Ｈ

Ｏ５/0.5

3

0.5/０．５

ＮＨ４０Ｈ

ｑ５/1.5

2

0.5/０．５

ＮＨ４０Ｈ

Ｏ､5/１．０

４

．５/1.Ｏ

ＮＨ４０Ｈ

ｑ５/0.5

5

0.5/0.5

ＮＨ４０Ｈ

Ｏ５/０．５

ＳａｍｐｌｅＮｏ．

〔P〕／〔F〕

Catalyst（inP-F
reaction）

〔Ｕ〕／〔F〕

7

1.0/1.Ｏ

ＮＨ４０Ｈ

ＬＯ/3.0

6

1.o/1.0

ＮＨ４０Ｈ

１.O/1.0

8

1.0/ＬＯ

ＮＨ４０Ｈ

ＬＯ/6.0

10

1.0/Ｌｏ

ＨＣｌ

1.0/3.0

9

1.0/1.Ｏ

ＨＣ１

ＬＯ/2.0

〔P〕，〔Ｕ〕ａｎｄ〔Ｆ〕ａｒｅｔｈｅｍｏｌｅｏｆｐｈｅｎｏｌ，ureaandformaldehyde，

respectively．

2.3．Fractionation

Theresinspreparedwerefractionatedintoseveralfractionsbyfractionalprecipitation

usingthemixedsolventassolventandwaterasprecipitant・Themixturewaswarmedto

about50ｏＣａｎｄｔｈｅｎｃｏｏｌｅｄｓｌｏｗｌｙｔｏｒｏｏｍｔｅｍperatureinordertoensuretheestabliShment

ofequilibrium・Thentheprecipitatewasseparatedbycentrifugationat４，０００ｒ・ｐ．ｍ．and

driedunderreducedpressure．

２
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２．４．Viscosityanddiffusivitymeasurement

Sincethemixedsolventresolvedtheco-condensationreslnsselectivelyandevaporated
●

easily,itwasusedinextractionoftheco-condensationresmsfromthereactionproductsandin

fractionation・However，mviscosityanddiffusivitymeasurement，ＤＭＦｗａｓｕｓｅｄａｓｔｈｅｓｏｌｖｅｎｔ，

becausesomeofthedriedsamplesofhighmolecularweightfractionsbecamemsolubleinthe

mixedsolventbｕｔｓｏｌｕｂｌｅｉｎＤＭＦ、SolutionviscositywasmeasuredbytheOstwaldtype

viscometer・ThedetermmationofthediffusioncoefIicientwasperformedbyaHitachiTiselius

ElectrOphoreticApparatusHTB-2equippedwithaSchlierenopticalsystemandaU-Shaped
glasscelLMeasurementswerecarriedoutat25oC・

Thereareseveralkindsofaveragediffusioncoefficientsforexample，ＤｍａｎｄＤＡａｓ
ｄｅｆｉｎｅｄｂｅｌｏｗ，

、、＝〃02/2/，

Ｄ』＝Ａ２/４元Ｈ２ｊ，

（１）

(２）

where”２，ＡａｎｄＨａｒｅｔｈｅｓｅｃｏｎｄｍｏｍｅｎｔ，ｔｈｅａｒｅａａｎｄｔｈｅｍａｘｉｍｕｍｈｉｇｈｔｏｆｔｈｅdiffusion
curve，reSpectively，/isthediffusiontime、

Ｄ４ｉｓａｌｓｏｄｅｆｉｎｅｄｂｙｅｑ．(3)，

D』＝（Ｚα/zcdDﾎﾞｰ船)2， (３）

whereQandDiareweightfractionanddiffusioncoefIicientof卜thcomponent，respectively．

2.5．Viscosity-diffusionaveragemolecularweight

Thespecificvolumeofpolymermolecule，９，，isobtainedfrom

胸-25（ )+44（ )。CＰ cＰ
(４）

100-叩 １００－CID

whereりspandcarespecificviscosityandConcentration（g/100ｍl)，respectively3)．

Themolecularweightofasphericalmoleculeisgivenby

Ⅳ

昨÷が (５）
ＩＤ

whereγｉｓｔｈｅｒａｄｉｕｓｏｆｔｈｅｍｏｌｅｃｕｌｅａｎｄｊＶisAvogadro,snumber・Therelationshipbetween

γandDisrepresentedbyeq．(6)，prOposedbyEinstein：

ＲＴ１
１－●

」Ｖ６７Tり｡、 (６）

Fromtheseequations，theviscosity￣diffusionaveragemolecularweight,Ｍ,D,ｉｓｏｂｔａｉｎｅｄｂｙ

Ｒ３ Ｔ３
Ｍｉ,､＝ （７）

●

１６２，r2｣Ｖ２り｡3，３，，１
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3．Resultsanddiscussion

TheresultsofthemolecularweightdeterminationareshowninTable2

Table2ResultsofViscosityandDiffusivityMeasurement

Sample2Samplel

Fr瀞｡ロ（趾）（駒:::)Ｍ'四Fr識｡ロ（鋤）（鰯:::)MvD』
24780

13080

４４９０

３４５０

９３０

２４６０

４
５
５
１
４
６

６
９
３
８
８
５

●
●
●
●
●
●

０
０
１
１
２
２

４．５６

２．９９

２．３６

２．２３

１．８７

２．５２

０
４
６
６
２
８

８
１
７
９
２
０

●
●
●
●
●
●

０
１
１
１
３
２

4．６４

３．０１

２．３６

２．２９

１．９２

２．１３

47820

22430

９９７０

４２６０

１３２０

１５７０

１

２

３

４

５

unfractd．

１

２

３

４

５

unfractd．

Sample4Sample3

4．５５

４．５７

２．９７

２．２８

１．８０

２．０３

23060

30000

９４９０

３９６０

１０８０

２２４０

４．８３

３．０２

２．６４

２．３０

１．８７

３．３８

９
２
３
０
０
６

７
７
２
８
０
２

●
●
●
●
●
●

０
０
１
１
３
２

1

２

３

４

５

unfractd．

0．７４

１．１８

１．６０

２．１１

３．２３

１．６４

29610

11660

５３５０

２６８０

９２０

３７５０

１

２

３

４

５

unfractd．

Sample6Ｓａｍｐｌｅ５

２．８２

２．３９

１．９８

１．７２

5160

3220

1100

３２０

21540

５９９０

３２２０

１６２０

６９０

１５１０

１．５６

１．９３

２．９４

４．６３

９
５
８
４
２
８

４
２
８
７
６
８

●
●
●
●
■
●

３
２
１
１
１
１

８
６
４
３
７
２

８
５
０
６
５
６

●
●
●
●
●
●

０
１
２
２
３
２

１
２
３
４

１

２

３

４

５

unfractd． unfractd．２．１３ 2．５２１６２０

Ｓａｍｐｌｅ８Sample7

4．７０

３．５９

２．５３

１．８８

１．５３

２．８２

２
１
１
８
８
３

８
１
７
９
７
０

●
●
●
●
●
●

０
１
１
２
４
２

21420

11310

４３９０

１１２０

３３０

２３５０

３
４
９
３
９
８

０
５
１
９
２
５

●
●
●
●
●
●

１
１
２
２
４
２

13320

５８００

２５００

１２５０

４４０

１４３０

１

２

３

４

５

unfractd．

１
８
７
４
８
２

９
６
１
８
６
３

●
●
●
●
●
●

３
２
２
１
１
２

１

２

３

４

５

unfractd．

ＳａｍｐｌｅｌＯSample9

４．０５

３．２２

２．３０

１．８６

１．４８

２．５１

０．９８

１．１８

１．９９

３．１９

４．４９

２．２９

14300

10300

３０００

９００

４１０

１８１０

3060

2320

1530

８００

４１０

９５０

1

２

３

４

５

unfractd．

２．６６

２．５０

２．０９

１．８５

１．６５

２．１４

1．８９

２．１２

２．５８

３．３４

４．３５

３．００

１

２

３

４

５

unfractd．

４
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lnthepreviouspaper4)，ｉｔｗａｓＳｈｏｗｎｔｈａｔｅｑ．（８）wasvalidforfractionatedsamplesof

alkalicatalizedphenolicresin．

９１/-万＝Ｋ、 (８）

InthecaseofaheterOgeneoussystem,ｉｔｉｓｒｅａｓｏｎａｂｌｅｔｏｕｓｅＤＡａｓｄｅｆｉｎｅｄｉｎｅｑ．（３）

ｉｎｓｔｅａｄｏｆＤａｓｉｎｅｑ．（８）．

Ifthenextequationforahomogeneoussystemisapplicabletoaheterogeneoussystem，

ｐｚ－ＫＤｆ化，

sincePisweightaveragevalue，thefollowingequationarevalid

Ｐ－ｚｃ'９`/Ｚｃ，

＝ＫＺｃｉＤ`脆/ｚｃｉ

＝ＫＤＡｋ

－Ｋ(皿/zc四一弦)遡臘．

Ｉｆｂ＝一弘ｉｎｅｑ．（11)，ｅｑ．（12）isObtained・

ｚｗ/ｚｃ←(皿/皿D`-兇)識，
Ｐ'/万７－Ｋ．

(９）

(10）

(11）

(12）

薫蕊I,=TgJ豆ｉｉ
地liH.:｡｝,麟､!:r小…

｡ご゜

ろろ

ｅ
Ｃ

ｅ
Ｃ

○○

蕊蕊 ①①

のの

－％

Ｍ,､△＝(K'/K）Ｄ』 (15）

５
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WhereＫ'＝Ｒ３Ｔ３/162元Ｗ２り０３．

UsingＫ＝3.31×10-3,）7。＝0.7729ｃ、ｐ・（ｉｎＤＭＦａｔ２５｡C)，ｅｑ．（14）ａｎｄ（15）are
transformedintoeq．（16）ａｎｄ（17)．

Table3ComparisonofM,ａｎｄｌＶＤ４ｗｉｔｈＭの△

Ｓａｍｐｌｅｌ Sample2

FractionjV},ＤＡ Ｍ９Ｄ ｊＭＤＡＮｏ． FractionＭｖＤＡ ＭＤ ＭＤＡＮＯ．

1

２

３

４

５

unfractd．

47820

22430

９９７０

４２６０

１３２０

１５７０

93230

10720

３１７０

２７５０

１１３０

１９００

52080

19330

８０３０

３８６０

１２５０

１６２０

１

２

３

４

５

unfractd．

24780

13080

４４９０

３４５０

９３０

２４６０

85650

10300

３２００

２３８０

９９０

４４４０

29700

12250

４１４０

３１６０

９２０

２７３０

Ｓａｍｐｌｅ３ Sample4

１

２

３

４

５

unfractd．

29610

11660

５３５０

２６８０

９２０

３７５０

113350

10930

５５７０

２７８０

９８０

１９１３０

36090

11240

５２５０

２６３０

９００

４９４０

１

２

３

４

５

unfractd．

23060

30000

９４９０

３９６０

１０８０

２２４０

84530

86690

10070

２６５０

８１０

１５１０

30260

38650

10130

３９１０

１０９０

２２１０

Sample5 Sample6

１

２

３

４

５

unfractd．

21540

５９９０

３２２０

１６２０

６９０

１５１０

22390

２５１０

１０００

６９０

４８０

１０２０

23400

５５９０

２８６０

１５１０

７００

１５３０

１
２
３
４

5160

3220

1100

３２０

7710

3360

1310

６５０

5590

3280

1150

３８０

unfractdl620 1880１６８０

Ｓａｍｐｌｅ７ Ｓａｍｐｌｅ８

１

２

３

４

５

unfractd．

13320

５８００

２５００

１２５０

４４０

１４３０

39420

６０２０

２０８０

９２０

５８０

２９３０

15790

５７８０

２４００

１１５０

４５０

１５９０

１

２

３

４

５

unfractd．

21420

11310

４３９０

１１２０

３３０

２３５０

99100

25890

４４９０

１０００

３６０

７７５０

27920

13100

４４５０

１１２０

３４０

２９００

Ｓａｍｐｌｅ９ ＳａｍｐｌｅｌＯ

１

２

３

４

５

unfractd．

3060

2320

1530

８００

４１０

９５０

5800

4190

1740

９４０

530

1940

3460

2590

1590

８３０

420

1090

１

２

３

４

５

unfractd．

14300

10300

３０００

９００

４１０

１８１０

47060

14970

２８１０

９７０

３１０

４３１０

17880

11240

３０５０

９３０

４２０

２１４０

６



ＩｓＨＩＤＡ・ＫｕＲＡ・ＭＡｓｕＭＩ・ＫＡＮＥＫｏ：Mo1ecularWeightEstimationofCo-condensation７
Resinofphenol-Urea-FormaldehydeSystem

MD4（＝Ｍｐ）-43.3Ｐ５ （16）

一弘

Ｍｉ'､』（＝MD4）＝0.17×10-1OＤＡ (17）

InordertodiStinguishthese

threekindsofMiのA,ｔｈｅｍolecular

weightscalculatedbyeq．（16）

and（17）aresymbolizedMDand

MDA，reSPeCtiVely・

Ｔｈｅｒｅｓｕｌｔｓａｒｅｓｈｏｗｎｉｎ

Ｔａｂｌｅ３，Ｆｉｇ．２ａｎｄＦｉｇ．３．

ハZDAShowsagoodagreement

withM,DAregardlessofreaction

conditioｎｓＯｎｔｈｅｏｔｈｅｒｈａｎｄ，

thereissomewhatdifferencebet-

wｅｅｎＭのａｎｄＭｉ,D』．Itisbecause

MpisprOportionaltoｐ５ｉｎｅｑ．

（14)．However，thesolutionof

thesphericalmoleculehasno

propertywhichdependsremar-

kablyonthemolecularweight

andonecaneasilymeasurethe

solutionviscosity，therefore，ｅｑ．

(16）isusefulfortheestimation

ofthemolecularweightofsphe-

ricalmoleculessuchastheco-

condensationreｓｉｎ

ｌｎｔhesecases，theintrinsic

viscosity〔り〕ｉｓｇｉｖｅｎａｓｆｏｌｌｏｗｓ：

ｏ
鋤
の
〉 ｓｑｍｐｌｅ

Ｎｏ．
４．５

００ ｏ
●
Ｃ
ｅ
の
①
の
ｅ
ｅ
ｅ

２
３
４
５
６
７
８
９
０
１

ｏｅｏｅ
ｅｅｅｅ

０
５

４
５

ゴ
ロ
ン
ニ
ヮ
。

００

謎：謎：ろ.０

2.5

０２０．３０．４０５０６ｏ７

ＩｏｇＬＰ

Ｆｉｇ､２．PlotsoflogMj,Ｄ４ｖｓ・10gpforallsamples
（Solidlineisobtainedfromeq．（16)）

somple
No．

４５

ｏ
●
ｏ
①
①
①
①
ｅ
ｅ
ｅ

２
３
４
５
６
７
８
９
０
１

０
５

４
３

コ
ロ
ン
三
つ
。

5０

〔り〕＝〃/100＝ＩＤ/40.（18）

2.5
Ｆｒｏｍｅｑ．（16）ａｎｄ（18)．the

nextequationisvalid．
ＴＢＯＯ２０．４０．６

ｌ０ｇＤＡ＋ｅ

Fig.3.PlotsoflogMm4vs・logD4forallsamples
（Solidlineisobtainedfromeq．（17)）〔り〕=1.28×10-2Ｍ０％.(19)

WhentheintrinsicviscosityisprOｐｏｒｔｉｏｎａｌｔｏｔｈｅａ－ｔｈｐｏｗｅｒｏｆｔｈｅｍolecularweight，

theviscosityaveragemolecularweiｇｈｔＭｍｓｇｉｖｅｎｂｙ

M－(皿川畑)1'三 (20）

７



８ 金沢大学工学部紀要７巻１号１９７３

Ｍ,D4wasprevious1ydennedasfo110ws5）：

Ｍｎ`-(ｚＱＭ(…)｡/(z``MXzα)`． (21）

ＳｉｎｃｅＭ『ａｎｄＭＵｉｈａｖｅｔｈｅｓａｍｅａｖｅｒａｇｅｗｈｅｎα＝％，ｉｔｉｓｒｅａｓｏｎａｂｌｅｔｏａｄＯｐｔＤ４ａｔ

ｔｈｅｉntroductionoftherelationshipbetweenviscosityandmolecularweig11t．

4．Conclusion

Inthispaper，thefractionationoftheco-condensationresinsofphenol-urea-fOrmaldehyde

systembyfractionalprecipitationandthedeterminationoftheviscosity-diffUsionaverage

molecularweightfromthespecificvolumeandthediffusioncoefIicienｔｉｎＤＭＦａｒｅｐｅｒｆＯｒｍｅｄ・

Fromtheresults，thefollowingconclusionsareobtained、

1）Thefollowmgequationisvalidregardlessofreactionconditions，

Ｗ-万万＝Ｋ

ＩｎＤＭＦｓｏｌｖｅｎｔａｔ２５ｏＣ，Ｋｉｓ３．３１×１０－３．

２）TherelationShipbetweenIDandMｏｒＤＡａｎｄＭａｒｅｏｂｔａｉｎｅｄａｓｆｏｌｌｏｗｓ：

Ｐ＝0.4707Ｍ％

、Ａ＝0.4915×１０－４Ｍ一発、

Fromtheseequations，ｔｈｅｍo]ecularweightscanbeestimated，

Ｍ＝43.39,5,

一弘
Ｍ－０．１７×１０－１０，４．
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