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1 • GEL'EP.AL 

1. 1 ~s in &CD!F&l. 

1. Dhingra, x.c., £aatog1, s.c., and Goel, R.X. 
Handbooli: of a.dheeins: ~u.tacture and use of adh•eifta. 
Small Bnailleas Publications, .Delhi, 1973, pp.294. 

file three sectiona o:r the book deal with (1) adhesives - their 
olasaificationa, uees and manufacture, (2) adheaiTa formulationa, 
(3) in~us!riel U6e& of adheaiTea. 

2. hstow, P. 
Chelli.cal materinle for coutzuction: Handbook of 
::hemicals fer concrete, fioorin8, caulks and sealant•, 
epoxie~, latex eaulaiona, adheaive1, roofing - water 
proofing, technical coatin&a, and hea~ construction 
specialitiea. 
Structures Publishing Co., Paraington, llichigan, 
1974, pp.570. 

J. llotold., I. 
Durabilit7 of adhesiv~s. 
H7o&en,12, lo.9, 1974, p.S37-44 (Jap.). 

!he bonding aecbaniam and tbe properties related to 1.he dnralti-
11 tJ of adhuive11 are re1'1ne6. 

4. Imoto, It: • 
.Progress 1A aclhesiw11. 
•tppo~ Satchaku ~7olta1-Sh1,11, lo.4, 1975, p.192-202. 

5. Goel, B.K., e~ Gupta, R.k. 
Induatrial !dhee1Tes and g111111. 
Small Buaineca Pablicatiou, Delhi, 1976, pp.287. 

The book gives a large mmller of edheein foraulationa and a 
chapier OD. •J.dheaifte 1.Jl wood i.Jaduatr,• lrrieflJ de8Cri'Ma ll&Wral 
a4hea1 na uced ~~r wood and plJWOOd. 

6. Imoto, •• 
Adhering• jdhe•ion ad &dheai• ... 
~ ~101.tu,24, Bo.1, 1976, p.,,_,, (Jap.) • 

.l x-edn on adhea1Ye•. 
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7. Shielde, J. 
Adheaivea handb~vk, Ld.£. 
le~n~e-iTJtterworth, London, 197~, VPo370. 

Thi• book io a colilprohensi ve rererenc~ work ~'':'.!. ":·h~ wide 
Tariety of adh eai V'JB Giater ie.le and their US'.-_;e &.' llondilli, 
agents. It is mainly conuerned with the ,91 o;.i.?rtles of A.dhe-
sivoe Md oovar3 !.!!lsential facto~·D involved ~ 1 udhe111 ve 
bondill8• The meohan,_cal, p~'lyEical arld ch"~-·~a-1 proper·iies 
or adheei vea are comvrehensi vely summarised ~r... ta bl ee t,) 
aasiat in ready selectian of adhesiver; for i:.>1'.1ding a wide va­
riety or matorialc, 

8. Pukuza~n, ~. 
Adhesi73 te~hnologyz ~art X. 
Setcha:a.u,21, l!o.3, 1977, p.103-6 (Jr.p.). 

A general revi6~ on e.dhes! vee. 

9. Roy, D.C., Md Cho~dh~1ri, S. 
Identif'-oation of plynood glues. 
IPIHI J., 7, Mo.I, 1977, p.10-4. 

Twenty seven glue formulation~ were prepared and ieat6d for 
1dent1!1cation on th~ tnni~ of the fUme& evolved on heating. 
The oolour of the Adheei ~res, pH Of the fumes, odour and fiame 
colour are tabulated. 

10. Skieat, ~. 
Handbook oi adheaivea~ Ed 2. 
Van Noctrand Reinhold. Now York 1 1977, pp.1018. 

Covere natural and aynthct!c adhesives a:id ~rovidesintormation 
on preparation of adhesives snd sealants. The book contain~ 
56 chnp~era con~riuu~ea by 75 apecialieta in polymers, adhe-
11Tes and bonding. 

1.2 General P.C~d norKing gluca 

11 " La val , G. 
Collea ot oollBtieO dans l'induetrie du boie. 
Compagnie Fra11caiae d 'Edi tione, Pe.r1o, 1968, pp. 4 :H (Fr.). 

Th• 12 cho.pterr: in the book oeal with different a1pec,t1 ')t' natu­
ral and synthetic aC:!'Jes17cti fo:: gluing ply,·:ood and pe.rt.~_cle 
board a. 

CT? 



-3-

12. Glue1 in the wood ind~etry. 
Cahier, Cgntre Tachnique 1u Boie, No.97, 
1975. pp.67 {Fr.). 

Outlines the theory ot gluing, describes the charact1riai1ca, 
ueea, adTantagee, and drawbacks of the main types or gluaa 
used in the wood industry, discusses t7pea and difficulties 
in gluing, and conaidc~s the eptrcial problems thai ari•• in 
the gluing of wood-mosaic floorin~ and in glui~ al.Wlliniua or 
PVC to wood. 

13. Koll~ann, F.F.P., Kuenzi, E.w., and Stamm, A.J. 
Principles of wood science and tecbnoloGJ& Part II -
Wood-baeed mater!nle. 
Springer-vorlag, Herl!n, 1975, pp.703. 

'!'he book consists or 6 chapters. The fir•t chapter deale 
with 'Adheaion end edhe~ive~ for wood'. 

14. Horioka, K. 
Projects on tho durability of adheeioni Part II. 
~ippon Cetchaku Kyokai Shi 12, No.2, 1976, p.55-61 (J 0 .p.). 

A re~iew on the durabilit7 of plywood adhes1Tee teated for a 
6-year peri.:>d. 

15. KoElova~11, A.L. 
Adhee1Te and bonding. 
lew in. life, ~cience and technology, Chellliat.r7 Serie• lo.6. 
N~vos V Zhiani, Nauki, Tekhni~e, S~riJa Khimi7a, 
No.6, Klei 1 skleivanie, 1976, p~.64. 

16. A.S.T.M. 
Annual book of ASTI etandardsa Part 22 - Wood adheeivea. 
ASTU, Philadelphia, 1977, pp.1042. 

2a CARBOHYDRATE MATERIUS 
(see alao 24 and 73) 

2.1 ~trch slue.! 

17. Morris, B.H., Drexil, R.J., and Turner, K.L. 
~•action of fine media-milled •t&rch or protein with a 
~olymer or polymerizable monomer. 
u.s • .Pat. 3,891,580 (Jun11 19·75). 

artnding aqueous otarch or oao~in alurri91 oontaininc pig••nt• 
in the preeence of pol7merH or pol,meri&abl• monomers gaTe •x­
tremely 9'tBble ernuleiona u0111.'ul •• sdbeetvee and coatiag• for 
)!aper and wood. 
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40 t>_..a, -- T • 
I ""' • ~O#J. ._ gJ t • t n • 

AdAeeivea f'roQ ctarch E..t4G dextrin. 
Indun. Usea of Starch & Its Der1v., 1976. pp.50. 

A renew pap~r. 

19. Siruta, J., and Kckenne, MeP. 
Cold water-resistant starch-base adhesive containing 
Styrene-maleic anhydride resin and fixed alkali. 
U.S. Pat. 3,939,108 (1976). 

A cold ~ater-rceistant adhesive compositian comprising a 
mixture o! ctorch, n Gtyrene maleic anhydride copolyMer hav1f16 
a styrene to maleic anhydride ratio o! 1:1 to 3z~, a peptizer, 
ftater and sufficient alkali to give a pH within the range of 
e.o to 11.0 with at least 20~ of the total alkali, on a stoi­
chiometric equivelent basis, of a 100~ fixed alkali product, 
emplo7ed' in the·form of a fixed alkali, said c~mposition con­
tainif16 4.s to 20.0 part o~yrene maleic anhydride per 100 parts 
starch. 

20. Yasui, S., Kusayama, S., and Oheh1ca, T. 
Wood adheaiveD. 
Jap. Pat. 7620,939 (Feb. 1976). 

Maleated polybutndiene nae treated with starch or oarboxyae1bfl 
starch, and cixed cith carboxylated (or uncar~oxylated) SBB 
latex, ZnO or UgO e.nd ethylene glycol diglycid7l eth~r (I) or 
gly~erol d1gl7cidyl ether to give r.ater-baeed adheaiTt impart1ns 
water-r9aistant bonding. Por eg: 80 g polybutadien9 (mol. wt. 
1650) and 20 g maleic anhyd:r:1Ge were heated at 200• for 5 hrtt 
under N a~d then with 25 g starch at 170° for 20 min and tr~ate~ 
with 18 g KOH in 500 ml water to give a aolution (II). Lau.an 
"aa lamina·tcd usir..£, a!l edhesi\"e !rem (II) 10; 48:' solids carlK>­
x.ylated SBR 2atex 7; ZnO 1, and (1) 0.1 g by cl&mpin& at 
120°/7 kg/cm for 5 ~1~ to eive a laminate, with peel strength 
36 tg/cm2 (100~ wood failure) e.nd 27 kg/cm2 (after 4 h in Doil-
1118 wate~), compe:-ed ~1th 35 and 23, reop. for adheaiTe coa­
ta.ining unreactad st~rc~. 

21. Chang, C.D., and Konomeilk.u, O.K. 
Sucroee-~odi!ied phenolic reoins as plywood adb~•iT••· 
Adhesives Age, 5, llo. 7, 1962, p. 36-40. 

InTeatigatione were c~rried out on the replace&2nt ot a part of 
phenol i.n phenol formeldchyde resin with sucroee. The optiaal 
coud1t1o~e developed ~oro 0.5 ~ole phenol, 0.13 ~ole eucroae and 
1.13 col~ para!orm eatnlysed by aodiu.m. hfdrox1de. The reain 
contains 33~ ot eu:z::oee by weight, replacing a·bout on•-halt ot the 
phenol used in a regultU' phenolic resin. Methanol 1& uaed to 
a~juet the concentratie1n of thtt res~n to a'bou1 50%~ .PlJWood 
panels bonded ~!th the resin had very good glu~ adhe~ion strength. 
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22. siofko, J". 
Bondina of aolid lignocellalosio snterisl.. 
e.A!ri. Pat. 7500,551 (Dea. 1975). 

Appl71ng an a~ueou~ eolution or eucroae (1) starch (II) or 
wheat; nour~ and H2S01. to DoU$laa-f1r veneers or abart.nge and 
hot-pressing save pl,Wood or particle board with 1aproTed 
•trensth propertiea. Thus, ~a~eera wore brushed on one aur­
race with an aqucuus solutio~ ooniaining I 25, II 25 and H2so4 1~ in tho e~ount approx. 10 g uoln/'° o~2, oTerlaid, and 
pre•se4 !or 7~m1n. at 170• nc.~ 12 kt!,/oa2 ~o give 3-pl7-plrwoo4 
with ~ 2 k&/crrr ~heal' crtr~~~h. 

2 3. Huang~ H. C • 
A stu6y on sugar modified ~els.mine resin !or water­
aoluble enamels. 
Taiwsn Sugar,~3, Ro.6, 1976, p.2,9-40. 

mien sugar-codified £&ln21n' resin ~ne su~stituted tor the Wl­
&oditiod rooin in alkyd rGsin-~.aaed coatins formulation• the 
perfor.iance wa~ cicile:: to that of ooat1116a containing unaodi­
fiod · &alaraine resin. 

J. PROfEINOUS llATERIALS 

24. Wake, W.C. 
Adhesion and formulation of adheaivee. 
Palmerton Publiahing Co. Inc., Rew York, 1976, pp.,25~ 

Par"t II of 'the ~!»k conl.aina a chap'\ar on ca.rbohydra'tea and 
p~ot~ina a~ adhosivea. 

3.5 f.lsein gluea 
(see also 17 and 83) 

25. 1 .. ahara, N., Ishii, K., r.nd Takemoto, M. 
A.dbea1Tee. 
Jap. Pai. 7498,444 (Jan. 197,). 

A~ueoua adhec1To compcaitione oontaine~ 100 parts protein, 5-200 
part• epoxy reaino c~d optiorull.17 pol7•..i.ent metal-b¥4rux.1de. 
For- ;:,ga plrood proparc~ ue1Q8 an e.dhoa1Te from oaaein 100, water 
250, HaOll 5~ Ca(CH)2 20, EP e2e-3e lll!d allylgl1cid7l eth•r·2 part• 
had higher adhefli ve atrocgth and we.tcr ro11ietanott than that pr•·· 
paration wi~~out EP 828. 
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26. Gupta, R.C., Chauhan, B.R.S., Tandon, fi.C., 
tewari, M.c., and lain, N.c. 
Stuciea on gluE:d l miina.ted constructions i Prel1mina:-y 
etudiee on the effect o! preservatives on bonding of 
Pinus roxbur1hii (chir). 
Journal ot the_T.imber Development Association of India 20, 
No.4, 197~, p.9-13. 

The eftects of treating plankt or ~.roxDurghii with creosote/ 
fuel oil, .PCP, bor111:/Znc12 em. acid cupric chromate before and 
&tier bonding with casein and cold setting UF resin glues on 
the oond strength were ~e~er~inetl. The choice of preeerva­
tive depends on the glue to oe uu~o and on whether the treat­
ment j q c&.rrierl out beforo or af·c; er gluing. 

27. Duncan, ! . :P. 
A look at tho industrialized housing E!larket and the 
adhesives used.. 
1orest Producie Journal.,25, ¥o.7, 1975, p.7-18. 

A literature search and survay y;ae undertakeu to determine cha­
raoterietics ot the industrialized housing with emphasis on the 
type o! adhesives used. Adhesives emplo1ed in industrialized 
house production i~ order of impoz~a..~ce are mastic construction 
adheaivea, polyvinyl ace~ate resin emulsions, contact cementa 
and iile cements. Minor amounts of phcnol-reaoroinol rtsine, 
ca•ein and urea-formaldehyde reaine ar~ alee used, 

28. lliller, D.G., and George, P. 
Hot Air teat of glue bonds in laminated E&11tern 
white sprue•. 
Canadian loreatrr Service Report OPX 105R, 1975, pp.7. 

Exi1ting methods of testing bonds in glued-laminated beams are 
destructive anQ theretorl limited to material cut froc ends or 
the timDer. A hot-air test iE propoe~d which could te1t bond 
quality nondectructi vely a.t any position a1.ong the langth ot a 
laminated timber. Thie report describes a limited stucy to com­
pare the pro~oocd hot-o.ir test with the etandard block-shear 
test. The hot-air teot would u~~ally ~~tect weak casein-glue 
Dondl! in laminated l::aetern 't!h1 te spruce li 1.lt was not sufficiently 
at:ringent to inBure detect:i.on or bo~de w!.dch did not ieat the 
shear-strength requirement• of CSA standard 01"17-1965. 

29. Steiner, P.R., and Cbow 9 a. 
Low-te~perature dur~bil1ty of common wood adhesives. 
Foreat Producte Journal,25, No.8, 1975, p.26-~0. 

C7clic expoauree o~ water-eBturated Dou8laa-tir boards laminated 
with vc.rioue adhesives under ambient (20°C), modernte-frigid 
C-12•c), and extreme-frigid (-65•c) conditiona, have ahown urea­
tormaldehyde adhe~iver to have a greater lose in shear atrengih 
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than urea-melamine-fonn:1ldehyde, phenol-fcrmaldehyde, and 
polyvinyl-acetate-cross-linked adhesives. Board~ lamir.ated 
with casein, but maintained in a dry state v.'hen exposed to 
these three temperatures, showed little shear strength change 
during cycling. For most adhe~ives at frigid exposures, 
shear strength was found to be a better indicator of bond 
durat~lity than wood failure. Solid wood exhibiteci little 
degradation under similar conditions, suggesting Lhe rigidity 
difference betveen the l~eline and the wood is an important 
factor invluencing cold temperature durability. 

30. Kakatsuka, R., Suzuki, S., and Tanir:iot0, S. 
Protein based adhesive compositions. 
Jap. Pat. 7502,032 (Jan. 1975). 

Aqueous protein dispersic.ns were u:ixed with epoxy co:Ppour:cs 
and hexamethylenetetramine (I) as the hardener to give the 
title compositions. For example 70 parts granular casein was 
heated 30 min. at 80° in 300 parts 2 % NaOP. and stirred lo.'ith 
92.5 parts precipitated CaC03 and 100 parts of the solution was 
mixed with 1 part glycerol diglycidyl ether and 0.5 parts I 
and coated on both sides of a 1.3 rnn t~ick Lauan core, which 
was placed between 0.65 mm thick panels, prepressed 10 minutes 
at 10 kg/crn2 and hot pressed 60 sec at 120° anc 10 kg/cm2 to 
give laminated panel with tensile shearing strength 17. 3 kg/cm2, 
compared with 12.7 kg/crn2 for a panel prepared ~ithout I. 

31. Nakatsuka, R., Suzuki, S., and Tanimoto, S. 
Protein based adhesive compositions. 
Jap. Pat. 7502,033 (Jan. 1975). 

Aqueous protein dispersions consisting of yeast slurries (> lOi. 
solids, )70% crude proteins), anJ alkaline substances were 
mixed with hydrophi!ic liquid epoxy resins as the crosslinking 
agents. For eg.: 100 parts yeast slurry i:lerived from a beer­
fermentation tank (15% solids) was stirred 60 min at 80° with 
2 parts NaOH and 10 parts casein (807. crude protein, lOi. water) 
and uixed with 25 parts of precipitated CaC03, and the resulting 
mixture () 60 1:1in. pot life a!: room temperature) was mixed with 
15i: glycerol diglycidyl ether and coated on both sides of a 
1.3 mm thick Lauan core, which was placed between 2.065 m1:1 thick 
panels and hot pressed for 60 sec. at 120° and 10 kg/cm2 to 
give a laminate with adhesive strength (after boiling in water) 
/ 8 kg/cm2. 

32. Kawahara, N., Ishii, K., and Takemoto, M. 
Water-based casein adhesives. 
Jap. Pal. 75,108,333 (Aug. 1975). 

Water-based casein adhesives with improved water and heat resis­
tance and useful for laminating wood t~ wood or other materials 
contained epoxy resin and polyvalent metc>.l oxide, eg: an adhesive 
was prepared from casein 100, water 250, NaOH 7,calciun oxide 15, 
EP 828-38 and allyl glycidyl ether 2 parts. 
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Water-baaed oaaein adheaivea. 
Jap. Pat. 75,1cs,334 (Au~ 1975). 

Wat8r-~aeed casein adhe~~T6e ~1th improved water and heat 
resia~aaoe and useful !or wood-to-1'ood, wood-to-aabeetoe, and 
wood-to-paper lruzdnation contained epoxy reein and polyTal•nt 
me1al oxide or bydroxido, egs an adhesive wae prepared troa 
oa•ein 100, water '50, 40~ eodium eilioate 80, BaOH 2, oal.oiW1 
h;tdroxide 20, and EP 812-2 parte. 

34. Kawahara, I., lohii, K., and Takemoto, K. 
Water-baaed caoein-epo%y adheaivee. 
Jap. P~t. 75.111,~28 (S~pt. 1975). 

A 111.rture of oaaein, calcium hydraxide, borax and optionally 
aodium phosphate wae mixed immediately before application, 
with 5-200 parts (baaed on 100 parts casein) of epoxy resin to 
giTe wa~er and beat rfteista.nt adhesive with good initial 
strength tor wood, metals and plastics, ega a ball-milled mix­
ture or oaaein 100, Ca(OH) 2 50 and borax 60 part1 wae d1aaolve4 
in '°O pert• water and mixed with EP 828-40, 50~ SBB latex 60, 
.PhOH and ~gO 15 parts to give an adhes1 ve. 

35. Iawahara, B., Ishii, K., ard Takemoto, ll. 
Water-bt~ed protein-efoxy adhesives. 
Jap. Pat. 75,111,129 Sept. 1975). 

Water-ba~ed adheaivea oo~taining protein (gelatin-casein) and 
epo%1' resin in 100•5-200 ratio were treated with boron tri­
fiuor1de or tri-ethyl amine am SBR latex 11 ni trtle rubber 1 atex 
to g1Te adh~aivea with good wat~~ al!d heat resiatanc~ and ini­
tial Llh•eiv• strength for wood, metal and plaetice, •ga a solu­
tion from gelatin 100, water 150, l2Cr207 0.4, AcOH 15, Epon 
612-60, and pt)l~~amido hardener 24 parts was mixed with 4 parte 
boron triilubr16e and then 60 parta 50~ nitrile zubber latex to 
give an adheoivo. 

36. Junichi, K. 
PulTerization of colloidal cement additivfte& 
Jap,, Pat. 75, 139,623 (lloY. 1975). 

Colloidal 1ubetanoe1 m:ch aa oaaein are pul.variged with liae. 
quarts or other rocke and added to cement to increaae the adhe­
sive propert1 or the oeman1, ega milk case,.n. 3 anj quarts •'-nd 
(lo,8) 30 kg wire mixed and pulTerized tor 6 hr• and add•d to 
portland o•men.t. The addition cf oa8 ein inoreaaed the bindins 
of the cea•nt to wood maieriale. 

.--------
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3 .10 Othffr prott:inous 'lla.terial a 

37. Murayama. s., 1iatatsu.kA, R., Su~uki, s., ci.nd 
'?a.li11oto, s. 
Petroleum yeaat protein adhesives for plywood. 
Jap. Pat. 74,98,846 (Jan. 1974). 

The 2-liq-type thermosetting waterbased a6he 8 ivee fo~ wood 
contain dieipereions o:r proteins f:rom petroleu.n: yec.st in aqueoue 
alkali and croea-11nk1n.g liquid epoxidea. Thus 100 g of puri­
fied dry petroleum yeast cultured in n-par&!fin •rnE heated 
1 hr in 2.1 aqueous NaOH to giYe a dispersion. A ~ixtur~ cf 
+\.t.- or..n.,,~ ~iaT\o..-a·!"".-. 1r,1 r.r.~~ .. ,,..+t"l,.,lo"'• ,.....1 ... ,...,....1 A~-1 ..... ,..'"'.~~.1 ·-""' ---·- .... -,w:~"'°-~·~· ... .&. '"""'Vf k° . ...._,_.J~W•~.J .... '-'''-~ r..;-J'--V• 'W._f!:i..._J..,,,-....._..J._. 

~ther 10, wheat flour 20 tiild sodiu~ &lginate 1 pa2t •as applied 
to v~nee~s and pre 8 sed 3 min at 130° and 10 kg/c~ . The,ply­
wood had ~ensile shear strengths 18.5 (dry) and 9.5 kg/cm2 
(wet), compared Trith 17.3 aro 7.~ reep~ctively, for i;irr.ilar 
plywood adher1d with conventional urea-!ormaldehyde resin. 

4. 1 Tannins in. ceneral 
(see aleo 62) 

38. Martin, B. 
F!nergy criaia spura reaes.rcn in veneer fluint" 
tachnology. 
British Columbia Lumberman~59, So.5, 1975, p.3C-1. 

The Wee tern Forest Products Lab::ra'tory in Vanc.-;uver, Canada, 
j_s carrying out research on the &.dhee1ves ueed fo!' _plywood. 
As petroleum pricee increase, phenolic ~rocucte from bo.rk that 
could be ·1aed e.s plY'fiOOd adhesives becc:ne in.creael~ly deairable. 
The laboratory hae isolated problems in using bark phenolice, 
but thei author does not elaborate on ti1em. 

39. Roy, D. C., an.a Chowdhury i S. 
I~ent1ficat1on o! gl'\le 1u plywood g-lue linei Part II. 
I-PI RI J • • 5, Io • Z , 19 7 5 t p • '4-6 • 

Identification or gluee containing tannin by microscopic exa­
mination o! aectiona stained with Pec1 3 and djlute H2SC4 is 
describ4'd. 

40. Sin.t;h, S.P. 
A note on tannin formaldehyde adheeiTea. 
Journal of th~ !imber Development Aaaocia~ion of 
India:21, lo.4, 19751 p.11-7. 

The coet of .ynthetic rccin• is very high ln India, due to tht 
high coat of their cooetituent ohemioala. The co~en.aed tannins 
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react with formaldehyde 10 produc• phenol-formaldehyde t7pe 
o! r(Je:ine, ...tiich oe.n ba ut1li1'j("1 for tho manu.f .cture o! ply-
wood, particle bo1nd ~ etc. :rb.,r~for~ -the !''!YS a!ld !'lean'l 
for the utilisation o! theee naturally oocurrill8 polyphenole 
(tannins, as aebee1ve 8 from waeta mete~ialo haTe been sugg9sted. 

41. Kon1ahJ., II., aD4 Ota, !. 
1'ann1D. ad.heeina tor plrood., 
Wood Indu.try,,1, lc.4, 1976, p.27-'2 (lap.). 

42. Pro'khorr.huk., !.I., Te&taka, B.M., and lsaeva-IvanoTa, L,S. 
J'urae~• o•ttirt«' resin from epruo~ berk. 
Vsbo Khim. 1 K6kh. Pererabotka DreYesiny i Drevee. 
Otkhodov L. 2, 1976, p.25-'2 (Ruae.). 

43. Ohta, T., and other~. 
tdhe1iTee for wood. 
Jap. Pat. 76,12;,42~ (No•. 1976). 

Adheei vee 1'ere ~re pared frvm 30-40·~ ( eolid e) tan nine, 5-25~ 
(baaed on the tannins/ a,v:t.i:-hetio rubber latexes~ ~nd 5-25~ 
( btt.eed on the ~a"\nine1 :.n-; arAine-:tormaldehyde oopolymir or a 
similar oopolymer. Thus, llll adheaiYe for wood compri1ed Acacia 
tannins 100, 'Water 113, l~aOH 0.9, coconut powder 13, 97'f. para­
!ormaldehyde 19.4, SBR 7702-~0, and melamine 15 parts. 

44. Hf'mi~way, R.w., and Mccraw, G.w. 
Southern pine bark poly!lavonoidsz atructu.re, ~eaoti­
vity, ue~ in woo~ adhesiveao 
Pro~eed'ngs of TAPP! For. Biol. Wood. Chem. 
Conr. 1977. p.261-9. 

The atructure of :tlavonoide from •outhern ~ine barks, ruoleoular 
weight distribution of H20-eoluble tannine, reaction o:t tann~.n 
model oompoun~e with rorialdebyde, and adheeive1 baeed on for­
maldehyde-bark alkaline extract reaction products are reviewed. 

4.2 Wattle b1rk tannin 

~5. Horioka, K., Sugano, E., ltateuzawa, Y., and layaahidn, t. 
The e;rntheaie of tannin adhesivee and their propert1e1s. 
USDA Fore1t SerTice, 1oreet Produ~te Laboratory, Madison, 
Adheeivee Sympo1ium, Sept.1975, and IU!'RO Working Party 
on Wood G1uin&, 1975, pp.27. 

Chemically, wattle buk tannin &ruWD in Japan ift similar to coa­
aercial. wattle tannin from South J.!rica. 'lannin reain a.dheainr 
ua!ng paraformaldehyde are used 1~ Japan bu.t bond etrength muat 
be improTed. Thermal degradation or tannin ree1n adhesive• iB 
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great~r than phenol r~ein adhei!inte. Durabili t1 ot phenol 
and tannin adhesives is 1JUperior to uroa and melamine-ur•a 
adh•aiTee. Reeorcinol-phenol-tannin adheaivea are 11Uperior 
to reaoroinol-phtnol-rorll&ld~b7de reoin adheeiTes. 

46. S&.£Jllan, H.K., and Oatle7, J.A. 
Wood adhee1Tee from ~attl• bark extract. 
USDA Poreet 8orrlce, loreet Prod\1.cta Labora'\or7, 
KacUson. Adhea1Tea S7mpo11ium Sept .. 1975 and IU1RO 
Wo~~ng Party on Wood Gluing, 1975, pp.15. 

Black wattle (AnaoJ.! mee.rnsii) bark extrMCt contain.e 70~ pol7-
pbenolic tannins, use6 to mak• a wide range o! wood a4he111ns. 
!her~oBetting unfortified tannin-!ormaldehyao adheeiTe ie u•ed 
at 10~ ot ohip mass for weather resistant particle boards 
15-20~ furnish K.C. ia pooaiblo without blowing during hot 
~r•••iDB• Waterproof particle board requir&o t2-14~ reain. 
Neutral pH ia ueeda presains oyclee are ae taat aa tor ur1a­
toraaldebfde ree1n. For interior plywood unfortified tann1n­
torma14ehyde ia used; phenol-resoroinol-tormaldahyde 11 ad~ed 
for wa~erproor bonds. Beaot1v1ty ia greatftr than for phenol. 
So aeeembly and pr~ee timea can be r~duoed. Phenol-tortitied 
ahuttering board ia made ao well a1 a reaorcinol-tannin-formal.­
dehyde cold-getting la.minati&lg and finger-jointing adheaiTe. 
ruture sQpplies or apray-dried reein adheaives are aeaur•d 
through continued afforestation o! black ~a~tle in South Africa. 

4 7 • Saa,yma.n , H • II • 
Wat11e tannin adheaiTes tor wood bon411l&'• 
USD~ Pore•t S•rTioe. Pore1t Pro4ucta Laborator7, 
lladison. Adhe11Tea Syapo•iu•, iept.1975 and IUJRO 
Workinc Party on Wood Gluinc, 1975, pp,4. 

Pol7phenolic flave.noid tannins extraote~ from black wattle 
( Aoaoia ,!.tt~ngii) bark ban raricti ve centres in the ~ara poai­
tions of t~ b~nEeneoid nuclei!. They behaTo as t7pical. phe­
nols in rnaot1one ~1th torm~ldehyae, a...~a can bs uoed to make 
tamiin-forcaldehyd~ adhee1Te resins. Un!ort1t1Bd adheaiYea 
tor exte!"ior grade particle boru:ds havo an 3:Jtpccted li!e 1p11.11 
ot over 20 7eo.1·e 1 ourti.ce i;rcatfilen~ and edge sealing are required 
tor outdoor u••· Durine, nanufaoture, 20~ moisture content is 
poa•ible in pa.rticlos r.ithout cl~~ina the \)card atter hot pre•-
91ngJ 0.5-0.75 inch thio~ boardo can be ~reseed in ,_5 llin. at 
1eo-190•0. Exterior grade plywood requires tortifioation with 
phenol, marine 5I'8dea require phenol and reeoroinol. Re1oroi­
nol-tnnnin-torma.ld1hydo ~ecin• cen be uoed for oold metttnc 
laainntinc adhe 8 1Tea. 
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48. Scharfetter, H. 
Glulam manQfactured with intermediate temperature­
settin& plywood adhesives. 
Forest Products Jo~rual.~25, No.3, 197?, p.30-2. 

A eubati tu-~e fvr resorcinol-based a.dheai ves USt.;C in :::anuft---e­
turing glulam bea~s ~ss urgently required en accou~t cf tte 
acute shortage of reacrci~ol which ~rose in S0uth ~fric~ to-
1Y8.Z'CB the end of 197"3, e.nd ~hich is likely ·to continuE. ince­
fini t ely. A co'.tn:e rcial phenolic plyv; o:: d e.dhe3i ve ar.d wa. t tl e 
ta!'min adheaivee mcdified r.ith B::ail quar.titie~: er phenol er.d 
resorci~ol ~ere fcucd ~n cc s~itoble fer ~hi3 purpoee provided 
the beams were hea~ec du:-in.g the curi!"i.g stn.ge. '..he tar1::iz: 
aJteeivcs lter.;; preferred b1-:cauae the terr.pe-re.tu.rea requi!'~c 
for curing W£re lower. It is eseential io !Iiaint<i.iu. a su~f1-
ciently high relative hu~idity in curing ch~mber& to ~revent 
the t!.mbe!· from becorr.ing dried cut. Facili ti"e fer curine; ::;.t 
elevated teoperatures in l:'.i!iiinating plu.:its appear to be ~c0:-w­
rr.ical ly just1 fierl, bee aue e the adheai ves t cstt, cc st !:li.!C !. l tss 
thf:tll conventional la!llinatins adhesives. 

49. Okuma, M. 
Plywoo" properties influenced by g'lu~ line. 
Wood Science and ~ecbnology,10, Ho.1, 1976, p.57-68. 

The effect of the number and the loc~tion of the [luc lineF. in 
the cross Eecticn on the bending prcperti~e hae been studied on 
plywood bondec with tannin-formaldehyde adh~aive. ~he thick-
neea of glue line has al~o been investigated. by compcring 
the theoretic~l e~uatione with the empirical one6, we ca~ get 
the thickness c! the glue line of wattle t~nnin adheeive ply­
wood to be 0.15 ~~. YourJA''e modulus in ben~ing o! the 
glue line of phe~olic re-cir. is ce:.lculated to 0e 21~,-i-~£/c·r,c 8.nd 
is l<:trger u·,~rn that of the e;lue line: of phenolic reein bonded 
plyv.ooa. In rclaticn tc, tile veneer, Youne;'a moculua of the 
veneer under the condition of l~lyv-;ooc asDembly at ems to be 
elil:htly la::-g1.:r th~il2 th&t of tbe veneer under tr.c free condi­
tion. 

)0. Saayman, H.~., ana Oatley, J.4. 
~ood adheGives fTomwatt1e ba~~ extract. 
Forest ProdYcts Jou~al~26 9 Wo.12, 1976, p.27-,3. 

Cc.ndena~d flavoncic tanr.ins ~·ro:u the bi:-..:.rk extrac.t of Bln.cr. 
\-;attle ( Ac~~"!.a menrr-,::;ii .:,e-...ilc) v.ert: ueed tc pn:pare thermo­
setting acheeive resine for the producticn of exterior ~rade 
plY'•'.ood, blockbor.rc <inc pc.i.rticl.:: board and a cold aetti~ adhe­
e1 v~ fo1~uJ~tiJn ~or fi~[tr j~inting &~d l:.amination of ti~ber. 
Un fer ti fied t(L."lnin-~:irma: . .: eh,> de reoins Vt ere uat.c to pr0d uce 
ae~i-ext .ir tor t:re.d~ ply-.•:;,e;d. Phenol- ur r~sorc1nol-formnld t--
hyd e fc.rtif:11ll£ rec:i.1'.lB 1;,ere i!"lcorpcrated in wu.ttle-base elut:8 

r 
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Th• main \enetite derived from the•e glues were neutral glut 
lines and faator preee c7clea. Weather rtaiatant particle 
'Doa1'."de were 9roduocd with an unf~rtified tannin-formaldth;fd• 
formulation at 10 per ~·nt leTel on wood chip 11&11 while at 
12 to 14 per cent level, exterior grade board wae manufactured. 
Copol7merization of tannins and re•orcinol wiih !ormalde~de 
71~1.ded a cold-aetting adbgaive !or lamination of South African 
~ l'J41alft timoer. Thie adheaive paaatd the relevant 
lfi!tiah andouth African Sta!ldarde for European beechwood. 

51. Ohta, T., Araki, K., and tabe, T. 
Adhesive oompoeition1. 
Jap. Pat. 7695,439 (Aug.1976). 

Adhe•ivee Zor wood were prepared trom mimoaa or quebracho 
tannins and formaldeh7de-uren copolymer (I) or a •'.milar copo­
lymer. Thus, 1-5 mol• rormalden7de wa& adJusted to pH 7.8-S 
with laOH, mixed with 1 mol urea, heated at 40• for 30 min. to 
pr,pare I {61~ eolide), an~ mixed with 5~ aqueous tannin in 
ratio 111 to prepare an adheeive. 

52. Ro7, D.c., »aha, P., and lag, J. 
fannin 3dheeivee tor plywood manufacture• Part III. 
IPilil Journal,7, Io.1, 1977, p.1-4. 

Deale wiih th• uee of mimo•a tannin for different type~ o! hot 
•etting adheaivea. Seven glue to~mulationa tor 'th• manutac-
tura of WWR, CWR, BWP grlldee or plJWood are giTen •1th their 
glue adheaion strengths. 

4.4 Queb;LJho tannip 
(aee also 51) 

4.8 Q.ther tan.nina 

53. Steiner, P.R., and Chow, s. 
Some tactore 1nfluenc1Q8 th• ue~ or Weaterfi hemlock 
bark extract aa adh•aivee. 
USDA 1orcot SerTioe, Poreet Produota Laborator1, lladiaon. 
idheeivea S7mpoaium, ~ept.1975, and IUFRO WorkiUB 
Party on Wood Gluina, 1975, pp.25. 

Some phyaioo-ohea1oal. properties of leatern hemlock baxk ex~rao­
tiTee were exami~ed and ~~lated to iia potential u•• in wood adh•­
e1Tea. Age of ~IU'~ and method of extraction affected final 
a4h••1Te qualit7. Abeorption apectr• indicated a aark•d 1noreaae 
in colour instability of aqueoue extract with inoreaaing t•ap•­
rature11 at pH O'Yer 5. 3. Di!terential theraal an.alyeie (MAJ 
thermogram and gelation etudiee abowed reaation• of extraotiT•• 
with tormaldehydo reae~bled phenol-r••orotuol !ormnldehfd• r••in 

-------------~·~~~ ~ ~ 
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showed temperaturee over 170°C needed for re~in c~re 20-30~ 
~/W formaldehyde to bark eztra~t solids nec~ssary for cured 
reej.n with maximum ecftening teir:peraturee of 16C°C dry and 
180"C wet. ?ress tc::r.pera tureE cf ~ 8C °C prcd u ed pl~ood bonds 
with be.rk ext~~c~-for~aldebydc ha7!L~ shear &~~3ngth &r!C ~o~d 
failure of· 1. 17 ~tPa ( 170 psi) a!ld 57;, c1'ter boil-dry-boil 
t~&ts. Lower prt~ss tettpere. t~ es decrer.r.,eci t·::>:ld durab111 ty. 

54. Steiner, P.E., and. Chow, G. 
~actor~ ibflue~Cill€ Wes~ern Hemlock bark extr~cta 
used in adheaiT&Sm 
In.formation Report., Weste'!Tll l'ore1tt Predllcts I.abcratory, 
Canada Mo.VP-X-1?;, 1975, pp.25. 

The suitability cf aqueouE extracts cf the be:lrj( of !§u,g::o, heterc­
ph,,yll! !or uee in e.dtcsivee for plywood or particle c...card ,;as 
studied. Extracts ~ere obtained by colc preuain.g tte fr£eh 
bnrk or by ex tr act ion w:. th "at er, Bll.d their stuuili ty u1E exa­
~ined. ~eactions with fcr~eldehyde wer2 studied ~y ruea~ur1ng 
g~lation times and by differential thermal an.&lysis. The 
cux1ng characteristics cf t:te bark extr'"ct/formo.ldehJde resin 
reaembleo thoet: of phenC;l/re~orcinol/forl!'!s.lcehyde ree:ins. 1x-
ploratory ply11rnod conC:ir..g ey;eriments in0.ic!'lte::: the practical 
ccnditions of effective uec of the b~k extrRcte. 

5 5. Kul vik, B. 
Chestnut wood tannin extract in plywood adhea1vea. 
Adh••i?e• Age,1~, lo.,, 1976, p.19-21. 

Chestnut wood tannin extract, a hydrolyzable tannin, han been 
ueed to replace part of the phenol in ~ormal alkaline phenol­
formaldehyd · plywood adhesives 1 n Malaysia !or )Oil- ~nd weather-
proof plywood. T"'~ "hl!'etnut ?:'n'Jd tannin extract in spray-dried 
powder !C\rm contains 701.· tannins ae polyphenolic compounds and 
about 22~ n•Jntann1ne. Trials at 20 plywood factories 1howed 
aatiefactory perfor~~~ce with the chestnut-modified phenol-for­
maldehyde (P:r) adhe~ivee having about the same p=opertiee ae 
unmodified adhe3ives ~1th ~eepect to viscosity, e~lida content, 
acidity, atore.ge life, pot life a.nd clue mixture. Glue spread, 
aeae&bly time, pre-prcsr:1rl£ tirr.e, and ho't p~eg3il18 ti::ne are the 
e~• as for pure unmodified adhe~1ves. The advant&&ee of PCF 
ie reduced as high as tne price of the chestnut woo~ t8D.n1n ex­
tract. The d~eadvanta,ee of PCF ie higher sensitivity tc Yaria­
tiona in conditione dur1?18 plTWood manufacture. neaulta of 
cyclic boili~ and dryic.g tests on meranti plywood me.nufactured 
with the modified n.dheclve are given, along with speci!i~ adhe-
sive· .forr.aultations. Chestnut tannin can replace phenol at a rate 
cf up to 5°" with eatia!actory re1ult1. 

56. Ital Tik, E~ 
Cheatnut wood tann!.n extrdet as au.re accelerator for 
phenol-formal.deh~de wood adhesives. 
Adhe11vea Ag~,20, Bo.3, 1977, p.33- 4. 
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5. LIGBll 

57. Bottael, E., Ba.uoh, w., snd Beyer, s. 
Lignin-containiug phonolic-tormaldeb,yde reain• aa 
ad.heaiT•• tor glui11B v1neer11 Part Il - Sulphite 
waat• liquor in oombination with phenolio zeailla, 
Bola ale Roh- und Yerkstot!,32, lo.12, 1974, 
p.469-72. {G~r.). 

The rate of condensation o! 11.gnin 1ulphonate11 bJ thermal 
treataenta in an acidio aed.iu11 and in \he presence of phenolic 
reein• oan be greatl7 increased. On the ba•i• of tbeae 
tindinga, it was proved t~t •peoiell7 prepe.rfl4 lignoeulpho­
nste1 can be ueed to partially aubstitute phenolic reain• in 
plJWood aanufac'\ure. At a preee1ng tempera~ur• of 19o•c, 
about 3~ of the phenolic resin uaed oan be aub•tiiuted -1 
li@'ftin aulphona1ea ~ithout reducing ~he ph.Jaical and i1ctmo­
loiioal propertie• of the boari11. Howeftr, at a iar•••ins t111-
pcratur• at 165•c, ~he aub1titut1on ot ~ore than 1~ ph1nolio 
reeine 1 eeds to a conoiderable dooreaae in tha phJ11ioal and 
ieohnological properties. 

58. Zh&dno.a, R.s., 8okclova, A.A., .and loohtrgin, V.K. 
Beai-•etiing adheaiTe raein1 from demeihJlat~ m!d 
tall oil l1gt\1na. · 
lhim. Iepol'Z Lignina, 1974, p.428-,,. 

Lignin-phenol-tormaldehyde reain (I) waa prepar-4 1~ two 
1tac••s tir•t modified lign1n {II) outained e11iher o, tbs u­
kali b74rol7si1 ot the sulphate or the re111du• !roa tbe till 
oil u.nutac ture, wao oondens1wd 7.1 th phenol in the pr•••nc• of 
B2S04 at 105-110•, then the oondonaate waa reacted with toZ'llAl­
deb1de in alkaline solution at eo-100•. (1) had •xo•llent 
a.dheaion to wood and it would be W11d aa the bind•r tor partial• 
board a. The opti!CUm (II) pbenol-formald1th1d• rA.tio wu 30• 
1001~ weight psrt•. 

59. Ta••m.oio, Y., Higuchi, r., and Okada, I. 
SJll1ihet1c roaina troa wood 1xt~act1. 
Jap. Pat. 75,121,392 \March 1974). 

J. phenolic re1in ueefUl •• an lldhe11Te tor wood procluote wu 
prepared b7 polJB•r1aing phenol and ro~•ald•hJd• at eo-90• w1tb 
11gnin deooapo•ition produota. !he 11gniA 4eooapoaition pro­
~uots oontain•d oreaol aftd oateohol ooaponanta and ••r• o)talaed 
ltJ expoeinf wood iixtraotin1 to a.a. eleotron laeaa. !he 01-~aiaed 
reein had .s-2 p T11coeit1 at 'o•c. 

---···---
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60. Kilpelaincn, R., Foree, K., and FuhrmaLi., ) .. 
Lignin-based adhesives for the board L dUt";try. 
USDA Forest Service, Forest Products LaJ(J~·J.tory, 
Madison, Adhesives Sympoaium, Sept.19~0, ~~n1 
IUFRO Working Party on Wood Gluing, 1r3 ~ 5 pp.21. 

The Finnish Pulp and Paper Research lnst1 tu,. e- !J.ea dF-J•:loped 
and pa-tented a lignin-baeed ad.hee1Te (Ka.rat::-:) for plJ11ood and 
particle board manufacture. High molecul6.r weight : ignin 
derivatiTes are co-polymerized with phenol- tormalde!-1yde resin. 
Laboratory teat results greatly exceeded .A.~·.arican and Finnish 
Standards for softwood and hardwood plywools. Preas timsa, 
tempere.tures, uss~mbly ti!T.e&, ~tc., are gi·ren with shear stren&the 
and wood failure percentages of typical plywcod panels. 

61 • Shen , K. C. 
Acidified spray-dried spent sulfite liqtwr as binrler 
!or sxterior waferboard. 
Proceedings o! Eighth Particle bOard Symposiua, 
Washington Stat~ Univerai ty, Pullm.ann, Y.A. 
March 1974, 1975, p.231-46. 

Acid-catalysed, spr~y-<iried pov;der of sptrnt au.lfi te liquor as 
binder tor exterior "e.ferbo9.rd .,,.e.e euperiur to a previously 
developed ey~tem. The refined process ei~plified the blending 
operatir,,n, eliminated direct spraying of 'H\!cra with acid and 
reduceG the quantity of binder and acid required to achieve 
accept&ble finished •aferboard. 

62. Glue from pulp waste. 
Pulp and rhper Canada,77, No.2 3 1976, ~.81. 

Recent ~esea~~h ef!oxta ~o develop adhesives from bark and 
~aper ~111 wastes were reviewed at ~ recent 8Ymrcsium at the 
US :Poreat Products Laborato:ry, KadisC'n, ·~·1eco~F ln. Non-petro-
leum eourcee of "ood achee1VE3 diacveFed in1:::luded tannin e~­
tracted from bark and used as a chemical. !e1~dstock to pro~uce 
adheeivee, with the be.rk residues then used for fuel, and lignin 
waetee from pulp and paper mills. J... new cbcm1cal bonding 
teclutique and a process for recovery of concentrated fodder 
and adbeei ves from chemical pulping 1'a&tee were discussed. The 
Finnish Pulp and l:'aper H.eaearch Institute ha:3 deTeloped an expe­
ri~ental glue !rom lignin which can be used ln making plywood 
and particle board. The adhee1Te has Deen te~ted eucceaa-
fully on an induotrial scale. Animal !ef:d iH e.le-o bei[l8 pro-
duced at a prototype plant in Finland, u'ing chemical pulp 
wae",,;91h 
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63. Co7lc, R,P, 
Particle boarcl, har&J.board and plJWood procluo14 ill 
combination ~1th a 11gnin tul!onete-ph1nol toraal.· 
debfdo glue 17~te•. 
U,S, Pa\, ,,92i,072 (1975), 

Proce11 tor the prep:iraiion of an 1mproTod glue 17st1m tor 
adh•rini wood part1olee to aaoh oth•r which oomprie11 prepar1QI 
s 11g!'l1n ault~nato rormaldGhyde PT•polJtAQr bf hea,i?Jg a •~lu­
tion of a •alt ot n lignoaultonio &Cid with an alkali aetal 
hJdrozide, theraa.ftor a4ding a firut amount of tormaldeb.Jd• to 
form eaid pre-polya~r, tber1aft•r addin& phenol to 1&14 pre­
polffitr, followed b7 the addition of ~ aecond .. ount o! toraal­
dehJ4e and haati114: tha reBUltin.g mixture to ror• the glue 
17etom. 

64. Lon, G.?., Pa.rt, B.~ •• and L11, B.~. 
Application of lignina P~ri 2 - Preparation of 
lignin re1in and itb a4h••1-nt 1trength. 
Taehan Bwah!lk Boeohi,20, lo,3, 1976, r•240-3. 

Poraaldeh7de-lignin-phenol oopolrm•r propar1d u1ins aqeeou1 
laOH-aotivated lignin W&IJ u1ad aa nood adh111Te with h11h•r 
a4heeiTe 1trength than phenol-tor•al.debrd• r111n1 optiawa oon-
41 tione wore equoou• NaOH oonoeniration 4~ and aol1 ratio ~n the 
~OpOlJC•r 0,, I 0.00i2 I 0.1 &' eAhe1iYS 1tr1nsih 25 kg/om 1 

65. Blaoknore, t.A.E., and Sioui, A.I. 
Phenolic cidbeaiTe1. 
U,8. Pai~ 3,956,207 (Har 1976). 

Reaoting dri•A 1pon'\ aulphi i• liquor wi tb phenol and !oraaldtq~ e 
gan adhe11iT11 tor u1e in monutac~ure ot J>lrrood. Dried •1-
fhite liquor oontcinit11 12~ phenol and !oruldehyde an.4 I.OJI 

15'' of phcmol added) wae cooked to 11 Te 40~ mature ( vi.0011 i1 
1000-1100 oP at 25• ~ whioh was epread. on Doutban pine ftneer 
at 75-80 lb/1000 rt

2 
4ouble glue line, nn4 Pl'••••d for 6 aia. ai 

'00•1 a~ 200 lb/in pr11sure to ~iTt a 1pooimen with 9"' •~od 
failure (bottom eluo line) for 15 Ein, l~a!l4 time, 

66. Froa1, K,G., rmd Puhrmann, J.,c.11.n. 
AdheaiT• tor u~• in froducing wood produot1. 
Ger. Pot, 2,601,600 Jul7 1976). 

Coapoundiq alkalino oolutiona ot eulfat1 licnin (I) F•Olpitated 
troa blaolt liquor wi'\h torwdob)'do-phc·lol copol7Mr (II) and a4d1-
tivoa gave adheoivo3 tor u1G in nnntac~ur1 ot pl~oo4 &144 ohi~ 
board. Th~e, a a.ixtura (-rl.1oonit7 1000 oP at 23 ) of ,7,5~ 
~lkaltnft (I) molutio~ ~50, 46~ (II) solution 550 and a blend 84 g 
troll nood flour 30, ohal~ ~O and wheat flour 20 part• wu applied 
on b1?'oh vonoer at 150 f./a n·~, o,,CJ:'laia, prepr•C1••4 tor 1 llin. 
a~ 7 kg/o~2, t.nd hot-pre•ecd tor 4 min. a~ 135• and 16 ka/oa2 io 
1iT• '-pl7 plJWood with 32.0 q/c~2 cir7 1bearinc 1tr1ncth and 
91~ wood fro.o,uree 
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,e... ... - • -
~,. ~oue.as•on, ~. 

L1gnin-ba~ed synth~tia resins. 
Ger. Pa~. 2,624,673 (Deo.1976). 

JUxtures of sulfate l:lgnin (I) ~ith phenol-!orraldehyde eolu~ 
t10111 co11t£....r,.!'\i ng 11 curing agent a:re good adhee: .. Tee for wood. 
~hua 10 g purified and air-dried I ~as mixed with 5 g phenol­
fo~aal.dehyde solution (prepared by llixing 50 € paratormaldehyde 
.:i th 100 g molten phenol at so•) and 0. 5 g liHJ .. c1, and the Jlix­
ture i!r&B stirred for 1 min. at roo!n tecr.peratu·re to give an 
n.dheDiTe whiob was uaed to bond 2 mm thiok pine veneer to 10 mm 
tb.iok chipboard for 5 cin. at 150" and 5 kg,/c:m2. In delaJU.-
nstion 1.e•ta wood failure waa practically 100~ 111d in tra:i.11-
Teree strength testing chipboard failure occurr•d at 5,44 kg/cm2. 

68. Yamato, Y., Higuchi, K., Okeda, K., 111d Shibamoto, s. 
Ligbin-phcnol resin adhes1Te•. 
Jap. Pat. 76,148,7'~ (Dec.1976). 

AdheeiT•• were ,repared from phenol derivaiiTea and lignin ob­
tained from pulp cooling liquor wastes. Tbua, a llixtur• ot 
pbeml 50, a 5~ kraft paper blacE liquor 50, 5~ laOH 6, and 
Na20 C~5 paria wae heated 15-20 minutes at 60-eo•, reaoted 6 
houri at 75-95• with formaldehyde, diluted with water, and. ad­
juated to pH 11-11.5 witn laOH to giv~ an adho11Te containing 
4~ lignin-phenol reain, whioh ohow&d good bonding strength to­
ward• pl,rwooda. 

69. Shen, K.C. 
S~e.nt aulti ts ae bindsr !or particle board. 
Adhe11Tee Ago,19, Bo.2, 1977, p.,3-f5. 

A new prooefte of bond1fl8 particle board• with en acidified 
apent eulfi~e liquor in aither liquid or powde1•d tora in a 
oonyentioaal hot preee op•ration ha• been de••loped at the Eu·· 
tern Jore•t Products Laborator), Canada. Preea time is aimilar 
to that required tor 11mil&r board made •ith a phenolic ree1n. 
The finiehed board meetf! Canadian Standards Aaeooiation require­
ment• (CSA--0188-68j !or exterior grade particle board. 

70. Shen, x.c. 
Spent eulphita liquor biDder !or exterior waferboard. 
lore1t Product1 Journal,27, No.5, 1977, p.32-8. 

High-1tren&th poplar wa!erboa~d cnn be ma.!• with .,141tied 
~pr&y-dried 1pent aul~hite liquor (SSL) po•~er a• /J.D adhe11Te 
and with a pr~sa cyole 11milar to that uaed 1~ oomm•roial phe­
nolic wa!erboard production. In gonera.l, labor&tor7-aa.41 SSL 
w~terboa.rdo eho•sd ngil'.8 chr.ract•~i•t1os similar to thoe& of 
commercial phenolic w~:erboard when the conventional acoelerated 
&&in& treatment~ ••r• applied. Ho"cYer, theee ooDT•ntion&l 
aoeelerat11d ~in~ tr1Ja1;Qent1 are ma1nJ.1 deaigned to predict Ule 
long-tern durability of ,henvlio bond~ !n wood compoe1tea. The 
acidic SSL bonde me.y bo:_4y1 ditfer"ntly from the phenolic bond3 
in thair lon&-ten~ perf'orcuoe. ~urther lRboratory work ba1 
been uarried out ~o doterm1n~ the effect ct aoid on long-tera 
dur:\bil 1 ty of SSL-bond r.1 wa1'erboard. 
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71. Oka4a, IC., Yam8.Jlbt~, Y., liifuchi, K., and Shibamoto, S. 
Powdered lignin-phenol copolymer adhesives. 
Jap. Pai. 7708,042 (JEi!l.1977). 

A polymer adhesive for wood wa& prepared by heating phenr.>l 
and ~aCH at 70-90° 8.lld pH 9 tor 5-20 minutes, mixing with 
100-280~ {molar) formalin, heating at 70-95° 1o molecwlar 
weighi 200-2000, mixing with 30-60~ (molar) lic,.~~n (a kraft 
pulp black liquot' cont a.ining 30 solids), 50-150/·, (molar) for­
malin and NaOH, condensitl6, concentrating in vacuo, spraying 
and mixing with 2-1 o~~ drying 8€.ent. 

72. Yamamoto, Y., Ko~1, H., Ok4'1a, X., end Snib~moto, s . 
. Adheei vee for plywcnd. 

Jap. Pat. 7721 1 305 (Feb.1977). 

A forlD.':llc.: ehydc-lif.n!.n.-copolymer !!dheei ve 1'as pre}JSred by 
0 

mixing phenol with. KGH to. maintain ~pH at 1 ~, heat~i;g at 80-8~, 
for 10-15 min, mixing witu 100-260:r (mol~r; f~r:?lali.n, qonden­
Ring at 85-95° to ruol. wt. 200-30GO, mixing with 30-60% (m?lar) 
lignin (as a kraft pulp black liquor containing 37% eolidzJ, 
50-150~ (molar) formalin, and KCJH, and concieneiu.e; to molecular 
wei: ht 300-3000. 

73. G-eorg~, J., Zuolagua, S.S., Narayanaprasa.d, T.E., 
Rangar aj)J., T • S. , and ~~ohand as, K. K. 

' Partial replacement of phenol ~n phenol-!ol'Jllaldehyde 
re~in adhe~1 ve. Part I - The uee of lit:,nocelluloeic 

· m~te=1'1ls. 
Journal of the Indir.n .Academy of Wcod Science,8, No.2, 
1977, p.4-12. 

Com~inutec li~nocellYlosic mat~riala such as wo0d, coconut 
ehelle end ccconut tusk after tres.t:i::.cnt ,.,i th phenol ancLsulphu.- ~an e:ic 
ric acid at bc111?1£ wateI ba.th temperature can 'be dit:;persed in s·_;cr. 
dilute ellrali. The d19p~rsion I eE.Lcts ~1th !crJlr..ldehyce to give 
a resin ~hich ia suit~ble fer preparint; boil proof plywood and 
boil resistant pa.rticle beia.xd. 

Experiment~ "itb sal wooc flour and coconut aht:ll powder aholt 
that 50 to 6J per cent of tlrn phencl in Pi resin l:dheaive can 
be replaced with these materials. The volume of reain obtained 
ia about 2. 5 'i;o 3 times the volume of etraic_.ht PF reein for a 
given volume of phenol. Replacc~ent of phenol in the plywood 
glue line ie the~eby further 1ncre~aed to EC to 70 per cent. 
The coat or the resin is est~.mated to be aoout 50 per cent or the 
coat of PP resin calculated on total resin eolide. 

Coconut ahell ia particularly eui table !lE a partial r'iplacement 
tor phenol. The powdered shell may alao be d iapereed with alkali 
before (1) condensation with phenol and formaldehyde or (2) being 
mixed with a high-!ormeldehyde P~ reoin tci obtain the a.Love ecCJno­
mtea. 
A million tonnea o-: coconut el.E:lle aze produe;&d tinnually in India 
alone. 
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6 • OTHER GLUES 

6.1 Caehewnut 1hell liouid gluea 

74. Dh&11aney, C. P. 
Anilino formaldehyde resins in tiltt fiei.d of CISL 
baaed plywood adheeiY01. 
Paintindia,26, No.B, 1976, p.20. 

Aniline and tor~aldebyde are condensed in the pre1enc1 or HCl 
an~ the resin i• mixed with phenol (I) (or xylenol (11) ), 
formtldehyde, CIJ.t-hewnut e:hell liquid, and an anunon1'1 ce.talyst 
t.nd heated a.t 60-70°. Adheaion teete shewed the add1 tion 
ot I and II improved the bonding quality or the resiu. Adhe­
eion w&a also imiroved by adding a CuCl2 hardener showing that 
the reaction prod~ots are 2-atage resins. 

75. Dbame.ney, C.P. 
Preliminary note on the utilization o! oil extr~aied 
CNSL ahella in the field of CNSL baaed sdheaivea. 
Pain~indlr.,26, No.9, 1976, p.tq. 

HCllu waa 1>olym•rizttd with CISL and 011-extraot&d, pulv~rised 
ct1U1hewnu t ahella (A) to gi '°e adheei ves1 oil-exiraoted (A) •ere 
aleo used in the manu.t'a.ciure of particle board. '.l'hue 90 pR.rt1 
tormaldohy~e we.a polymerised for 45 minutes with 100 pert11 
c~ahawnut shell liquid and ~O yari• A at 60-70° in the Pl'••enoe 
at HCl polymerization catalyst and Cu~l2 hardener to give an 
adhe•ivt. A typical i1artiolc bo:ird manufactured from 1 part 
A anll 3 parts sawdust with CuCl2 hardener had bending •trength 
475.5 PSI. 

6.2 MisosllBneous glues 

76. Sankarane.r8.)'ane.n, Y. 
Adheaives and ehellao~ 
Shellac Export .Promotion Council, Calcut·ta, 1970, pp.70. 

Givee tcrmulationa of di~ferent adhesives using •h&llac. 

77. Kurata, ~ •• and Takahashi, A. 
Lecture en latex technolou' use or late.xea in the 
field of a.dheeivea. 
Kip~~n Gomu Kyo Kaiahi,47, No.11, 1974, p.735-~7. 

A re"i•• ot adhesive• fur plywood. 

78. SbelobanoYa, V.G., and Riskina, M.A. 
Latex adhesive compoeition. 
Prois-"90 Shin, iezinotek.hn, 1 Aabeetotekhn. 
Itte!elil. Nauch.- tarlln. 9, 1976. p.a-9. 



-21-

79. llliatamby, D.A., and ladara~ah, M~ 
St~bilizcd natural rubbei- latex adheei va fo= Pl7"ood. 
B~it. PA~~ 1,~55,74~ (Rov. 1976). 

!o~~dchydo ctabili~ed field or oentrifugod nP~ural ru~ber 
le1o7 containing optional !orc&.lehJde r3s1n 1, usa.tu.l a• 
intorply a~hcsiva i4 'uu uc..luf~o~ure or pl~ood. fhu1, 6 
55~ oolidc oonten~ adhesivo at pH 9-10 contain1ft8 5~ !ormal.1n, 
r.aoH, n.nd a 50s50z20 !orsaltiehyde-phenol copolymer etr· ~lized 
nat~nl rubba~-knolin blend had tailing load or 266.3 - ~nd 
~a~ uecj ~o ~~c b~il-, ~oicture- and woather-re1iatan· 
m:ira!c.l pl;"oo~ ~ 

7. ~TEllDt:R§_l:.WJ 1ILLERS 

7.1 ~n~r~l 

CO. Lambuth, A.L. 
·Aoheoivab 1~ ihe plywcod industry. 
USDA fo~~at Sorvico, Poreet Products ~aborator7, 
L~.11,.cn, Adheoi ves Sympo aium, Sa pt .1975 and IU.PRO 
~o~!:irl£ Pa!"ty on Wood Gluing, 1975, pp.15. 

A G1n:~ol p~p3r ~1~1ng be.okground in!or~tion on ohangea o..-:~ 
~he laat a~c~do in por.!ornance raquiremento for glue line11 
ohnngon 1n plywoo6 ~anu!B!!t.ure including adheeivo application 
( ourtat~ oont"lrD, ar.::::-eye and roll opreadore - pieoo...,ork orswe 
ca:i ct!ll ou~-~~~for.:1 cutoaated e7at1mc on ooet performance 
b~oie), layup and pro~~ oondition~ for phenolio and ursa glueef 
and gluu lo~m~lfltions otre~eing the roles of Tarioue extend1ra. 
E:Gt":lj'l::i:o ~i-e :Je!llulocic (rioca and oat hulle, nut ahelle, tree 
bzr~~. n~~ ~oo~ flou~e, with ~e~ oorn cob gouro•e and pulp 
oludb~ rinc~ ~~higher co1etur.e ontents)1 inorbinic cl1.1• u1ed 
lllono or ''~ ~h. oell1~lo~ic.r, ~ ctarchy o:"t~.oemiarc to contri but• 
r.h~oloeicLl ~ro,~rtieo ~~leted to aae9mbl1 timo and performance 
tolorc . .ao,=; p~:toin~ (blood and 101- gen~rally only urea glue• 
uoa blood) J bai.·lc oxtr~ot::J ~the so arc o:xtenciera, a11 only wattle, 
mr.n~ro\·J o:-: (!t·~b:rcc~10 oxtrbi.cte ta~ nclheei·,e prop.rt1e~) 1 and 
lit;:iin Cc=i'.',"\~1v~e (only l'1nn1!31h ~lp ~aper Reeearoh In•titute 
pro~v.ct oa~ r~plLCo u~ to 40> Jr pheil011o iu a glue). D11pere-
1~ c~c~to co~ld b~ ~hanged - oodiUl.'l hydroxidg can be deleted 
!or r.:..ior.,clj.c roair!c Md, if &.re:Jnin-b.-.med oatal7"te are u•ecl, 
tor v.zca ~ooinc cc ~ell, then uroa a4~•d laet. Othor a4d1tive• 
inolu<Jo ~.efoc.."'l~::-.a, !totting ag•nt1, ourta.in-f~rming nsenta, pre­
!l?'Cccioa egcc.to to inore~lJ() prepreen bond otrenath, &lue line 
i<le:r~i f~.cro to:r: r.!\loa a~d lessl. i"lr.,oson, and rl.100111 t7 or thixo­
·~~op~.o 08<'ntn. 
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81. Ro~ertson, d,E., and io)ertaon, R.R.P. 
Revi~w of filler and extender quality evaluation. 
roreat ?roducts Journal,27, No.4, 1977, p.30-8. 

~hanges in primary e~tender (fill~r) for eoftwood plY1"ood 
have aroua~d interest in quality and evaluation of fillers 
and extenders. Recent technical sessions and r&ports fo­
cussed attention on research and experience with Tarious 
extenders and !illere. Some alternate products are dis­
cussed. Confusing nomenclature is diecuaeed with a proposal 
to term the lignocelluloo1c/m1neral components 'fillers', and 
le protein-starch components 'extenders'. Raw material 
ourcee and practical quality c~ntrcl proctdi.1.I'es are related 

w0 the technical economical considerations in makint plywood. 

7.2 Proteinous material.a 

82. 11nemura, H., Imura, s., Hirata, s., md Sako, fl!. 
Effect or melamine and potato-protein ae reinforcing 
material in the produ~tion o! urea-treated plywood. 
Journal of the Hokkaidc Forest Products hesearch 
Institute1 No.9, 1S75, p.5-9 (J&c.). 

Fer the production of Jap~mese "'l'ype II" plyYJood with less 
emission of formaldehyde when a uroa-!orwaldehyde adhesive is 
ueed, po~ato-protein should be !tixed with urea during the pre­
paration o! the 6lue, and the veneer used ~hould be or low 
~oiature content. 

83. Yamada, H., and Ichikawa, T. 
Reeorcinol resin adhesives. 
Jap. P~~. 7698,740 (AU£U8t 1976). 

Reaorcinol !'esin wood adhesives contained O. 5 - 100 prtrts of 
protein, such ae casein and defatted aoyabean !lour, as thicke­
ntr for improved nppl1cab111ty. For exarr.ple, a mixture o! 
100 g 40~ 1ueoue formaldehyde-reeorcinol-copolymer and 40 g 
30~ aq~eoue casein had Tiecos1ty (20°) 1050 cp, compared with 
40 for a cont=ol not con t.'1:1'-ting c~.ee:!.n. 

84. Kato, K., IGbitsuka 1 Y., and Kc~do, T. 
Adheaivee for wood. 
Jap. Pat. 76,105,342 (~ept.1976) • 

.tolym>.!rizing a pl.enc.1 with a.n ~ldtthydE: in the presence of an 
alkali and a com~G61tiou containl~ tne rea~ltill8 polymer, an 
eth.ylene8.Ui1ne, end en aldehyde waa ua~ful ae an adhesive for 
manufacture ot plywood. Thue f, polymer (prepared by polymeri-
zing 1 mol phenol with i.g rool HCHO in the :presence of Na.OH), 
diethJlenetriamine (I) 4, p~r~formald~hyde (ll) 3, 3oyabeR.n 
!lour 5, and wheat flour 5, t>Brts were mixed. 'Ihree laua.n ve-
neer• were coated (400 g/m2 J with th~ resulting compoeiti~n and 
pre~••d together at 25° and 10 kg/cm tor 3.5 m1n to give a lami­
nate with a bonding strength of 5.6 kg/cm2 where~a layer eepa­
ration occurred foT a laminate obtained with a similar oompoai­
tion. ~itbout I and II. 
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7.3 Cereals and staroheF 
Cae• also 84 and 105) 

8~. T1urut~, K., and Nishida~ Y. 
PlfWood with f'oamed. glue. 
Jap. Pat. 7506,526 (Mar~h 1975). 

A process wae deaoribed for m.anu!aoture of plywoPd b7 ooa~ing 
the Yeneer1 with adhesives r.uoh &e urea (I) re1ina, eto., con­
taillin& foaming agents auch a1 inorg.ii1c b1carbonat11, an4 
acidic'.- curing qentJe, euch as IH4Cl and laminating a1i high i••­
perature and preeeure. Thus a paet• (viscoa11i{ 4.5 p) of 
51.1~ (I) reain s~lution (viscoaity 1.3 p at '° ) 200, wheat 
flour 16, 107abean glue 12, 1~ a~ NaHCOl 2, and H20 40 g wa1 
apf11e4 on lauan Teneera for 5 g/225 om ,

2
heated !or '° aeo at 

80 , and laminated !or 15 min at 10 kg/oat pre11un to gin 
plpoo4. 

86. ~amura, Y., ~uc Biahina, T. 
DecoratiTe ~.ywood laminates. 
lap. Pat, 76,110,008 (Sept. 1976), 

A coapo•1t1on containing urea resin and !ibrou1 material.a wa• 
u1etul tor la:R1nat1on of ply~ood with decorative wood. !hu.s, 
laur.n flJ11ood was ooa~ed l15 g/900 cm2) with a ~lend containing 
llL0,7 melamine-urea oopolymerJ 100, wheit !lou~ 20, glas• 
t1'br•• 40 and RH4Cl 0.5 part, laminated and 1tored for 8 :..z at 
so•. lo change occurred in storing the :remul ti~ laminate 
joined with a similar ormposition without gla~• !i'ber1. 

87. llineaura, N., and Imura, S. 
Starch waate as an extender ot urea-!oraa1Qeh14• 
?eein adhe£1T•. 
Rinsen Shikenjo Geppo,298, 1976, p.1-' (Jap.). 

Two ki~ 1 of ctaroh 1tante oonta1ni11g rich fiber and 1k11t. whioh 
were made from potatoon with littla or no liae added, were exa­
mined for potentinl u~e ac Gxtgnder of ure~-tormaldeh7de re11n 
(I) adhe~1ve in pl)'\'food produotion. The a4h•11Te wae~epared 
trom I 100, starch a~ot~ po~der 10-20, water 0-50 and S1i.4Cl 1 
part at 10-30•, Viacocity of the I adhe1ive1 deoreaaed ~1th 
inoreaaing e.mount1 of watol' and 1noreae1ng tempwrature, an4 111-
oreuec! t'11th 1ncreu1ng aaounte o'l starch •••t• powder. !be 
•••rage dry bonding otrongth of plywood• prep&Ied witb the 114h•­
a1Te1 (apraad a~ 2i-30 1/900 emf) wa1 ,,.0-14.1 kg/oa4', the 
anrage we'\ bonding et2cristh after aoaldll8• in hot and 0014 
•ater, 10.a-13.0 kl/om • 
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88. Rov. D.C •• Zoola~ud. S.S.: RRh~: P.; Cho~dhll~ir 8:• 
and· Ranga:l-aju, T:-s. · 
Gelntini~ad 1taroh blended UF resin adhesives !or 
pl119cod. 
IPIRI ~Tournal,7, No.1, 1977, p.5.9. 

It 1• adTantageoua tc gelatinize starchy extenders 1uoh ae 
tapioca, wheat flout' end tamarind seed powder before mt..xiq 
then with urea-formaldehyde reein. Th1. !'~aul ting glue .tormu­
laiiona giTe greater oover&8e ihan mixas with normal ung•lat1-
n118d extenders. .Plywood made with grlnt1n1Eed stB,I'oh ex­
tended UF resin oontorm1 to Indian Stenaards and ehowa no 101• 
ot glue adhesion strength in 18 montho o! otora&e at roo= tem­
pe:ratura. 

89. Sohinabel , A. 
·Aaboe~os !iber-extend ed phenolic ~heai v••· 
Canad. Pat. 100,26,76 (Deo. i976). 

~•lHt•toa ti~ers were u•ed ae Tisoosity- and thixotrJpy-oontrol 
agente for phenolic adheaivea for plywood. The fibres rbould 
haft a kerosene retension of ~4. 25 g/10 g fiber and should 
be ueed in amou.nte of 4-11 parts per 70 parta phenolic re11n 
wl1h sutfioient H20 to produce a no\labl• mixture. Thu•, an 
&dh~ei•• was prepared by mixing (in eequ~nce) H20 55, wheat 
flour--14 phenolic resin 35. 50'.' KaOH 12, &nd phenol-formald•-
h,C·•- :eopolymer 205 parts. The Brookfield Tisoosi ty w11s 108,000 
and ,2,350 op at 4 and 20 rpm, respectively, compared to 15,000 
a.nG-' 7 ,200 reei.iecti vel1, for a control containing 25 part a lig­
nooelluloee inmtee.d of asbestos. The adhesive was 1pread at 
~O lb/1000 rt2 on one aide or !ace and Q~Ok veneer of southern 
pine and aged 15-120 minutee before preaeint; at 300°1'' for 4 
m1nutee a~ 200 pai. The rroduct ~ae better than the control 
1n. the bo%11:ig 1'ater te11t ·,US P11:duct Standards PSI-66 4. 4. 3) 
and in the pressure vacuum te•t (PSI-6~, ~.4.8). 

90. Tamura, Y., Fukfi&awa, A., and Kazuah18e, T. 
A~hesi~e for plywood manufo.oture. 
Jap. Pat. 7728,915 (March 1977). 

A compo•i tion containing 100 part• !ormaldehyde-melamin.e copo­
l111er (I) :1nd 10-100 parts of a polymer (II) prepared b7 polJ­
meri&i~g 1 mol PhOH w!th 2.5-4.0 mole HCHO in the pree•noe of 
an·alt-Ui at pH P-11 waa water-reeifttant and uee!l.41 ae adh••i•• 
tor manufBc'tu!"e· of plywood.· Thus, II (prepared b7 pol7meri1ift8 
1 mol Ph<JH with 2. 5 moles HCHO in th9 pre11enoe or NAOrl at pH 9 
for 1 hol.tr at 80°) 30, I MI. 04-;:) 100, wheat floar 25, H20 10 nnd 
IH~Cl {)·~5' g were mixed. On joininr, lauBll Teneare with the ·re-
1Nlting mi~tyre, th~ atrength or ~ending between the layers wae 
16.6 ki/om2 before and 12a5 kg/om attor boiling in H2t. 



91. 

92. 

Bark --
In~ura, s., Sate, M., F.akamura, A., and Abe, I. 
Effecte of bark pc .. der on adtea1Ye quality o! urea­
formald~hy~~ resin~ Part l. 
Journal of tho Hokkaitlo Poreat Products Research 
Inetitute, no.3r 1974, p.9-14. 

Wood tlow; 

Toaae, K •. and Kosik, K. 
Active filler for thermoseiti~ adhesivee. 
Czech. Pat. 155,568 (Dec. 1974). 

Waete lignocelluloae, aa aa~ dust, chipe, bagaeas or corn co~a, 
containing 40-6~ water 16 treated with etee.m at 160-170•, and 
8-12 aimosph•ric preaaure tor 30-i20 min., dried ai 100-120•, 
and ground to 0.2 mm grain size to ~btain an active filler 
!or thermoeetting adhesives (especially }benol-formaldebyd1 re­
sin adheeiYee) which t£.kee part in bonding. Thua 200 g ot 
'tHtech sawdust containing 60% H~O was heated in an autoclaTe to 
•65° tor 120 min. dried et 110 to 6~ humidity and ground. 

93& Kubota, M., and Saito, M. 
Ut111Eat1on of eawdua~ as a filler of plywood adhesive, 
~ransla~1on, Environment Canada No.00.EHV TR-540, 
1975, pp.27. 
Tranel. from Rinaan Shikenjo Geppo, 23, lo. 7, 1974, p.1-,.. 

94. Mana be, T., and Yam&c:,-rucli.1, N • 
.Paet• for wall mete:rial. 
Jap. Pat. 75oe.4~~ (A~ril 1975). 

An adhesive paste for plY"'ood havine improTed workability and 
fungus resistance we.a prepared cOt4 te.inir.g sodium carboxymethyl 
oelluloee subet1tut1on, degree 0.31, 10, wood flour 100, and 
waier 600 parts. T~tron fibres ~•re aleo used as filler• for 
the pa•te. 

7.9 Rice h\ltk 

95. Xue.n, B., Pollisco, F.s., and Casilla, R.C. 
P.!08 hull powder as a glue filler in plywood manu­
racture z Part I - Effect on bond quality. 
Philippine Lumberman,20, No.10, 1974, p.26-a. 

Sbor4!.§ egupa'$a plpood panels glued with pb.enol·~formaldeh7de 
reei"n OOD~&ining 30-40% r1oe-hull filler were 8Ub~ected to dry 
and bo111118 ehear te•ts and found to meet the requirement• of 
Phillppice etandarde for Type 1 pl111ood (tor exterior u•e). 
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96. Xuan, B., Pollieao, F.S., BL~ Casilla, R.C. 
Rice hull pa:.der ae a glue fillor i~ pl,...ood manu­
!aoture i Part !I - Etreet on power oonRUmption. 
Philippine Lumbermen,21, ?;o.3, 1975, p.16-9. 

The power consumed in ti£.W1:18 ~2r1e. A,OUMe• plywood panels 
prepared ae deecril:»ed in Par~ we.o not a nificantly diffe­
rent trom that required for ~nnelo "i1h ooconui ehell !lour 
(the etandard !ill~r for phenol-!ormaldehyd~ adhea1Te1). 
Reeul.11 oontirm that rice-~ull poud~r 1e euitable bJ!I a !ill•r 
in plJWood tor exterior w;e. 

7.10 Other e1tenderP. and !j..ll~r.1 

97. Ka~a7aaa, II., Onoe, A .. , and Tanaka, M. 
Pillere for plywood ac!hesive1. 
Jap~ Pat. 7~,126,806 (Dec.1974). 

Powders obtained from the wute water !rott w6>.eh1n.g rice were 
ueed •• t1ll9ra tor adheeivqe prepared from phenolic reains, 
urea resin•, and urea-melamine resin•. Thue, waste wa1er 
(pH 6.5) t?om waahi~ rice ~ac mix6d with 4 PP• or a tloou­
latiq agent and 600 ppm .A.l pol7ohlor1de to give a powder ( 50 
me1h), which (32.5 parts dry ftei1ht) waa mixed with a urea 
re•in aolution. Plywood ciade with UP resin IJTUp (50~ 1olid) 
100, powder obtained !rom ·~•te •ater 32.5, water 22.5 and 
NH4c1 1 part gaTe good ~~heaion. 

98. lat&Jaaa, ~.; Onoo, A., and Tanaka, K. 
Peanut shell pow4er tor adhesive1. 
Jap. Pa~. 75,29,6E1 (Mar~h 1975). 

Peanut •hell p~1or wa~ U~Qd a1 filler !or phenolic, urea or 
urea-melamine redin adhe1ive, thu•, 100 parta or a urea re1in 
1olution {50~ re1in) waa mixed with 20 part1 peanut ahell powder 
(50 meeh) and 27 part• -:.atcr and mi:xed with 1 part .rm,.c1 a• 
hardening agent to give fill adhctai Tv, with good bondinc proper­
tie1 for the aan~faoture o! plywood•. 

99. To•aa, 11. 
Reducin& the releaee o! phenol Bild toraaldeb7d• b7 
u11n& ~enopreg adhe•ive and Hyoofil filler. 
Drevo,,O, lo.4, 1975, p.105-6 (Slovak.). 

In the context ot work h7giene, faotor7 te•t• were made to ooa­
paz-e the rel•••• ot tree phenol and !oraaldekJ¥d• into the air in 
gluing lNteoh pl7"ood with Penopreg, 1 new phenol-toraaldebJ4• 
a4he11Te reaentl1 4eTeloped at the State Poreat iroducta Rtaearah 
ln•ti tute1 at Bratialan. £mrl u .. oG w1 th lignootl!.ulo•e tiller 
H7oo!ils with two other 001111onl7 uaed adhe•iveae leaul.i• given 
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111 iabl•• and grsph•, aho••~ that tho r•l•u• of phenol and 
foraaldeh7de i• 5 tim•• leec tor Fenopreg 'ban tor ih• oih8r 
a4he1iwa, and that the lharp r1•• 1n th11 r•l•u• tba' 11 
un&ll7 obeernd •1th inoreuilli 110ia'l&.\re content of Uie wood 
1• alao1t non-exiatent in th• oaae or Fenopreg. 

100. Laabu'h• A.L., and Hearon, ~.M. 
Tb1rao .. ttin& adheaiT• ooapoe1t1olUI ••'•Dd•d with 
oellulo11c paper mill .:uda•5• 
U.s. Pat. J,907,72S (Sept. 1975). 

lb•nol-!orllA.ldehJ'd• reain and phen:>l-reaoro1nol formald•hJd.• 
oopolraer adhee1nG wer1 extended with oelluloaa pulp an4 uoed 
to unufacture plJ1fOod. 'rhU•, 1000 & of Pr and 150 g ot 1»9per 
•111 aulph1'• eludee were r~xed in water and applied to plJ­
wood Teneer1 to g1T9 a.eenbli•• w1ih aTerac• load 17' Fil and 
981 failure. 

101.- 8h19hido, s.1 and Raae,awa1 K. 
1henol1o r•• n adbee1T•• tor plJWood. 
Jap. Pat. 753,.699 (No•.1975). 

Coapoai~ion• or 100 fart• pbenc,l-fo~llAld•hJd• reain (I) pre­
pared in the F••enae ot e1roug balle and 7-20 J>li~'la beer oak• 
(br .. ~nc leaeJ haT• IAlita~l• Ti~coait7 and are uae4 aa a4h••1n• 
tor plJWood. Thu•, a 001apoai ti on of 100 par\11 I Qd 7 part1 
'9er oak• had Yi•co•i tie• 1575 and ~050 op illi ti all; an'! after 
6 hr, re•p., rmd wu applied t., lauan wood nn••r•"'at -'O 1/900 ca2, 
oold Jr••••4 tor 20 lli.11. at a 'pr1ewre ot 10 kc/or am bot 
prea .. d tor ' min. at 140• at 10 k&/o:~ \o gi•e plJWood haTing 
adb••1Te 1tren&th• 25.6 ~ld 20~4 ti/o .... i..ror• and after im•er­
•11!& 4 hr in bo111n& wate~J 20 hr in water at 60•, and 4 hr in 
bo111QI water respeo'\iY•l," uoapat'•d "1th a;:)o, l>7S, 22.0 aad 
17.5 r••p•otiTel7 ror a co•poa1i1on ot 100 part• I and 10 par'• 
wheat nour. 

102. larpoTich, & • .:.·., ana otbero. 
Use ot sulfate 11gni.n ff)r modityinc oarbamide a4beeiT••• 
Te&ia7 tokl.- Va••· Kont. ~im. Iapol'Z 
Lignina, 1975, 197~, p.159-60 (Ru11.). 

Urea r•~1n• aodified with alkali 11tn1n (1) a• blo•inc a&•ni 
are prepared u adheaiT•e tor pl,..aod. >.n lldh••in 0011po•i-
tion ooatainiag I 19 26 100, (I) O.tS-0.5 an~ IH4Cl 0~5-1.0 
welcht f. Snoreued the delaaination nreiiath of the a4h••1ft 
l&,Jer on 24 hour 1 .. eraion in water. 

10,. linaai, s., &D4 To•b1sua, A. 
Adh••i••• eoatain1Df pulp eludge tor plJWood. 
Jap. Pat. 7700,495 \Jan. 1977). 

!Ulp alad1• W&8 u.ed a• an extender to rr•par• ~l~od .. b •• 1 .... 
!'Juae, an a4he•1n ooapri•-4 turo1'1 301 urea nain) 100, .. 1 .. 1ne 
realn o.a, pulp elad1• 27.5, !lour 14.5 utd .-d4c1 o.6 pc.rt•. 



104. M&eiim&. T •• Rnd Tnu~A- ~­
llodified urea r~a1n ~-he~ive1. 
Jap. Pat. 7730,836 (March 1977). 

The reaction produota of aldehydes wi ih waete liquors from 
K92so, ••Uchemical pulp ae.u.taoture were ueed Ill •xtendere 
for uaa resin adh••1Te•. Tb.ua, a mixture of 386 part• 
aellioheaioal pulp oooki~ wute l 51.6~ eolicW and 81 parts 
of 37~ for•aldehyd•.•~ beat•~ 60 ainutea at 90-95° to five 
• reaction aixture \pH 8.881 49.3~ 1olide). A aolut on 
( 100 part1) or :5 parte o! urea re1in and 1 pa.rt ot the reac­
tion m1x1ure was heated at eo-100• wiih wheat !lour 20, 
?IH4Cl 0.6 aad watar 10 pa.rt• and e.dju•ted to pH 7-8 with 
formic acid to five a aod1fied urea reaiu adhesiTe •h1ch 
ehowed ~ry and ~et bonding strength1 17.9 end 12.3 &&/cr.2 
reopectively, !or pl111oods 1 compared ~1th 17.3 and 10.9 ree­
pect1Tel7 for a eim.ilar oompoaition withoui the ~bove reaction 
product. 

105. Maejima9 f., and 1auda, I. 
Extenders .t~r urea resin ~he11Y••· 
J&p. ~at. 7730,835 (Karch 1977). 

The reaction proc5ucte ot aldehyde• w1t.h 1emichellical pulp 
cooking waetea were uaed a. extender• for urea re•in adheaiv••· 
Thu•, a llinure of 386 part• or 1emichellical pulp cookin& 
wa1te (51.8' solids) and 81 p&rts or 37~ formaldehyde •&1 
heated for 60 mi~. at ~0-5° to give a reaction mixture (pl; 
8~88; 49,3; eolide}. A reain •olution (100 ~~rte) or 60~ 
urea re1in Ql1d 20J. of the a.l>ove re&etion mixture wu aixed 
with 20 parts wheat flour and 10.6 pr.rte of lc4c1 to g1Ye an 
a.dh••1••• which aho11ed dry and wet bondi~ atrenglh 18.5 and 
12.4 kg/om~ reepec\1Yel1, tor pl.rwooda, oomp&red with 17., 
and 10.9 reap. for urea reein ILlone • 
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