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1. GELERAL

1.1 Glues in general

1. Dhingra, K.C., Ra2atogi, S.C., and Goel, R.K.
Handbook of adkesives: Ksnufacture and use of adhesives.
Smell Business Putlications, Delhi, 1973, pp.294.

The three sections of the book deal with (1) adhesives - their
olassifications, uees and manufacture, (2) adhesive formulations,
(3) incusriel uses of adLesives.

2. Mestow, P.
Chemical materigls for construction: Handboock of
chemicals fcr concrete, flooring, caulks anl sealants,
epoxien, latex emulsions, adhesives, roofing -~ water
proofing, technical coatings, end heavy construction
specialitien.
Strvctures Publishing Co., Farmington, Michigan,
1974, pp.570.

3. Hotoki, I.
Durability of adhesives.
Hyomen 12, No.9, 1974, p.537-44 (Jep.).

The bonding mechanism and the properties related to the durabi-
1ity of adhesivec are reviewsd.

4. Imto. K.
Progress in adhesives.
Nippon Satchaku Kyokai-Shi, 11, No.4, 1975, p.192-202.

Se Goel, R.K., &rd Gupta, R.K.
Indugtrial Adhesives end gums.
Small Busineca Publications, Delhi, 1976, pp.287.

The book gives a large number of adhesive formulationa and a
chapter cn "Adhesiver in wood industry” triefly describes natural
adhesives uced for wood and plywood.

6. Isoto, M.
Adhering: Adhesion sud adhesives.
Lagaka Kyoiku,24, Bo.1, 1976, p.33-39 (Jap.).

A 1eview on adbeasives.




7. Shielde, J.
Adhepives handback, od.<.
Newnes-sutterworth, London, 1976, pp.370.

This book {0 a cowmprohensive reterence work -z +ie wide
variety of adheslvas nmateriels and their us-.e as; bonding
agents. It is mainly concerned with the sinperties of adhe-
eives and covoers casential Tactors involved 31 adhesive
bonding. The neochnanical, paveical and ch~a'ss8l properiies
of adhesiven arz conprehensively summarised :r. tables to
‘aesiat 1n resdy sclection or adhesivec for ::nding a wide va-
riety of naterialc.

8. Pukugava, X.
Adhesiva {echnologyt Yart X.
Setchaku,Q?, Fo.3, 1977, p.103-6 (Jrp.).

A general review on edhesives.

9. Roy, D.C.,, and Chowdhari, S.
Identification of plywood glues.
IPIRI Jn; 7, NO.?, 1977’ p.10-4|

Twenty seven glue forrulatione were prepared and tested for
identification on the tanis of the fumes evolved on heating.
The colour of the acdhesives, p!l of thc fumes, odour uand flame
colour sre tabulated.

10,  Skiest, :.
Handbook of adhegives, E&d - 2.
Vau Nootrand Reinhold. Now York, 1977, pp.1018.

Covers natural and synthetic adhesives aad providesinformation
on preparation of adhesives sné sealanta. The book containe
56 chaptera conirivuted by 7% specialistes in polymers, adhe-
sives and bonding.

1.2 Genersl wcod norking xlueca

11. Lavai, G.
Colles ot collages dans 1'industrle du bois.
Compagnie Francalse d'Editions, Paris, 1968, pp.43: (Fr.).

The 12 chaptere in the book deal with different aspec*s ! natu-
ral and synthetic achesives for gluing plyvood and perticle
boards.
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12. Glues in the wood industry.
Cahier, Centre Tachnique Au Boie, K9.97,
1975, pp.67 (Pr.).

Outlines the theory of gluing, describes the characteristics,
uses, advantages, end drawbacks of the main types of gluas
used in the wood industry, discusses types and difficulties
in gluing, and considors the special problems that arise in
the gluing of wood-mosaic flooring and in gluing aluminiua or
PVC to wood.

13. Kollmann, F.F.P., Kuengi, E.W,, and Stamm, A.J.
Principles of wood science and technologyt: Part Il -
Wood-based materials.

Springer-vorlag, Berlin, 1975, pp.703.

The book consists of 6 chapters. Ths first chapter deals
with ‘'Adhesion end edhesives for wood'.

14. Horioka, K. ‘
Projects on tho durability of adhesion:t Part Il.
Nippon Cetchaku Kyokai Shi 12, Ko.2, 1976, p.55-61 (J=p.).

A roview on the durability of plywood adhesives tested ior a
§-year period.

is. Kozlovskii, A.L.
Adhesive and bonding.
¥eow in life, science and technology, Chemistry Series Ko.6.
Novos V Zhisni, Nauki, Tekhnike, Seriya Khimiya,
Fo.6, Klei i skleivanie, 1976, pp.6d.

16. A.S.T. M,
Annual book of ASTM standardses Part 22 - Wood adhesives.
ASTM, Philedelphia, 1977, pp.1042.

2. CARBOHYDRATE MATERIALS
(see also 24 and 73)

2.1 Starch glues

17. ‘Morris, H.H., Drexil, R.J., and Turner, K.L.
Reaction of fine media-milled starch or protein with a

polymer or polymerizable monomer.
U.3. Pat. 3’891.580 (Jun" 1975).

OGrinding asqueous otarch or osssin olurriss contaiuning pigments
4n the presence of polymera or poiymerigable monomers gave ex-
tremely stable enuXsions uaaful as adhesives and costings fox

paper and wood.
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Adhesives fron gtarch ernd dextrin.
Indun. Uses of Starch & Its Deriv., 1976. pp.50.

A review paper.

19. S8irota, J., and Mckenne, M.P.
Cold water-resistant sterch-base adhesive contairing
Styrene-maleic anhydride resin and fixed alkald.
U.S. Pat. 3,939,108 (1976).

A cold water-resistant edhesive composition comprising a
mixture of ctarch, a styrene maleic anhydride copolymer having
a styrene to maleic anhydride ratioc of 1:1 to 311, a peptiger,
water and sufficient alkall to give a pH within the range of
8.0 to 11.0 with at lcast 20% of the totel alkali, on a stoi-
chiometric equivelent baeis, of a 100% fixed alkali product,
employed in the form of a fixed alkali, ssid composition con-
taining 4.8 to 20.0 part siyrene maleic anhydride per 100 parts
starch. :

20, Yasui, S., Kusayama, S., andéd Ohshima, T.
Wcod adhesives.
Jap. Pat. 7620,939 (Feb. 1976).

Maleated polybutodiene wae treated with starch or carboxymethyl
starch, and mixed wiih carbcxylated (or uncarboxylated) SBR
latex, Zn0 or UNgQ end ethylene glycol diglycidyl ether (I) or
glycercl diglycidyl ether to give water-based adhesive imparting
~water-resistant bonding. For eg: 80 g polybutadiene (mol. wt.
1650) and 20 g maleic anhydricde were heated at 200° for S hra
under N ard then with 25 g starch at 170° for 20 min and treated
with 18 g KCH in 500 ml water to give a solution (1I). Lauan
was laminated usirg an edhesive from (1I) 10; 48% solids carbo-~
xylated SBR %atcx 7; 2n0 1, and (I) 0.1 g by clamping at

120°/1 kg/cm for 5 mir to give a leminate with peel strength

36 kg/emé (100% wood failure) end 27 kg/cm (after 4 h in boil-
ing water), compeTed with 35 and 23, resp. for adhesive coa-
taining unreactad starci.

2.3 Sucrose tased glues

21. Chang, C.D., and Konomenko, 0.K.
Sucrose-xodified phenolic resins as plywood adhasives.
Adhesives Age, 5, Ho.7, 1662, p.36-40.

Inveatigations were carried out on the replacement of a paxrt of
phenol ia phensl formeldchyde resin with sucross. The optimal
coenditiors developed wouro 0.5 mole phenol, 0.13 :mcle sucrose and
1.1% mole paraform catalysed by scdium hydroxide. The resin
ccntains 32% of suzTose by weight, replacing about one~half of the
phenocl used in a regular phenolic resin. Methancl is used to

ad just the concentration of the resin to about 50%. Plywood
panels bonded with the resin hed very good glue adhesmion strength.
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22, Stofko, J.
Bonding of so0lid lignocelluiosic material.
S.Afri. Pet. 7500,551 (Dec. 1975).

Applying an agueous eolutisn of eucrose (1) starch (II) or
wheat flour, snd H>50, to PDouglas-fir vensera or shavings and
hot-pressing gave plywcod or particle board with improved
strength propertiea. Thus, voneers wore brushed on one sur-
face with an cquevus golution containing I 25, 11 25 and Hp80,
1% in tho emount approx. 10 g voln/30 052, overlaid, and
pressed for T, min. &t 170° ard 12 kg/om¢ to give 3-ply-plywood
with 12 kg/cm? rhear ptrernsh.

23. Huang. H.C.
A study on sugar modified melamine resin for water-
soluble enanmels.
Taiwan Sugar,23, No.6, 1976, p.2395-40.

Yhen sugar-codified melamins resin was substituted for the un-
modifiod reocin in alkyd resin-tased coating formulations the
perforaance was sicila~ to that of costings containing unmodi-
ficd kelamine resin.

3. PROTEINOUS MATERIALS

3.1 @energl

24, Wake, W.C.
Adhssion and formulation of adhesives.
Palmerton Publishing Co. Inc., Rew York, 1976, pp.325.

Part II of the book contains a chapter on carbohydrates and
proteino es adhceives.

3.5 Cpgelin glues
(see also 17 and 83)

25. Kewahara, N., Ishii, K., eand Tekemoto, M.
Adhesivee.
Jap. Pat. 7498,444 (Jan. 1973).

Aqueous adhecive compcaitions contained 100 parts protein, 5-200
parts epoxy resins cnd optionally polyvelent metal-~bydroxide.

For ogt plywcod proparsé using an edhesive from ocagein 100, water
250, NeOl 5, Ca(CH)o 20, EP 828-38 and allylglycidyl ether 2 parts
had higher adhepive ctrergth cnd weter rosistance than that pre-
paration without EP B28.
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26. Gupta, R.C., Chauhan, B.R.9., Tandon, K.C.,
Tewari, M,C., gnd Jein, N.C.
Studies on glued 1 emineted constructions: Preliminary
studies on the effect of preservatives on bonding of
Pinus roxburghii (chir).
Journal of the Timber Development Association of India 20,
ROO‘, 1974, p.9—13n

The eftects of treating planke of 2.roxburghii with creosote/
fuel oil, PCP, borax/ZnCl, eml acid cupric chromate before end
after bonding with cascin and cold setting UF resin glues on
the vond strength were Gelercined. The chcice of preserva-
tive depends on the giue to be usec and on whether the treat-
ment 3= carried out beforo or after gluing.

27. Duncan, 2.F.
A look at the industrislized housing market und the
adhesives used.
Porest Producis Journal,?5, ¥o.7, 1975, p.7-18.

A literature search and survey was undertakeu to determine cha-
raoteristice of the industriaiiczced houeing with emphaseis on the
type of adhesives used. AdLesgives employed in industrialiged
house production in corder of importance are mastic comnstruction
adhesives, pclyvinyli acetate resin euulsions, contact cements
and tile cements. Minor amounts of phenol-resorcinol resins,
casein and urea-formaldehyde resins are also used,

28, Miller, D.G., and George, P.
Hot air test of glue bonds in laminated Eastern
white spruce.
Canadign Porestry Service Report OPX 105R, 197%, pp.T.

Exieting methods of testing bonde in glued-laminated beams are
deptructive and therefora limited to material cut from ends of
the timber. 2 hot-air test ie propossd which could test bond
quality nondegtructively at any position along the length of a
laminated timber. This report describes a limited stucy to com-
pare the propoped hot-oir test with the standard block-shear
test. The hot-eir teot would usually ustect weak casein-glue
bonds in laminated Eastern white spruce uvut was not sufficiently
stringent to insure detection of Yoands wiuich did not bBeat the
sheer-strength requirements of CSA standard 0177-1965.

29. Steiner, P.R., and Chow, X,
Low~-tenperature durability of common wood adhesives.
Porest Products Journal,25, No.8, 1975, p.26-30.

Cyclic exposures of water-saturated Dougiss-fir boarcs laminated
with verious adhesives under smbient (20°C), moderate-frigid
(-12°C), and extreme-frigid (-65°C) conditions, have shown urea-
formaldehyde adhesivee to have a greater lose in shegr strength




than urea-melamine-formildehyde, phenol-fcrmaldehvde, and
polyvinvl-acetate-cross-linked adhesives. Boards lamirated
with casein, but maintained in a dry state wvhen exposed to
these three temperatures, showed little shear strength change
during cycling. For most adhecives at frigid exposures,
shear strength was found to be a better indicator of bond
durability than wood failure. Solid wood exhibited little
degradation under similar conditions, suggesting the rdigiditv
difference between the lueline and the wood is an important
factor inviuvencing cold temperature durability.

30. Nakatsuka, R., Suzuki, S., and Tanimoto, S.
Protein based adhesive compositions.
Jap. Pat, 7502,732 (Jan. 1975).

Aqueous protein dispersicns were mixed with epoxy compounds

and hexamethylenetetramine (I) as the hardener to give the
title compositions. For example 7C parts granular casein was
heated 30 min. at 80° in 300 parts 2 % NaOH and stirred with
92,5 parts precipitated CaCO3 and 100 parts of the solution was
mixed with 1 part glycerol diglvcidyl ether and 0.5 parts I

and coated on both sides of a 1.3 mm thick Lauan core, which
was placed between 0.65 mm thick panels, prepressed 10 minutes
at 10 kg/cm? and hot pressed 60 sec at 120° and 10 kg/cm? to
give laminated panel with tensile shearing strength 17.3 kg/cm?,
compared with 12.7 kg/cm? for a panel prepared without 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 slurrieg (> 10%
solids, > 70% crude proteins), and alkaline substances were
mixed with hydrophilic liquid epoxy resins as the crosslinking
agents. For eg.: 100 parts yeast slurry derived from a beer-
fermentation tank (15% solids) was stirred 60 min at 80° with

2 parts NaOH and 10 parts casein (80% crude protein, 107 water)
and nixed with 25 parts of precipitated CaCO;, and the resulting
mixture (> 60 min, pot life a: room temperature) was mixed with
15% glycerol diglycidvl ether and coated on both sides of a

1.3 mm thick Lauan core, which was placed between 2,065 mm thick
panels and hot pressed for 60 sec. at 120° and 10 kg/cm? 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. Pat. 75,108,333 (Aug. 1975).

Water-based casein adhegsives with improved water and heat resis-
tance and useful for laminating wood tn wood or other muaterials
contained epoxy resin and polyvalent metal oxide, eg: an adhesive
was prepared from casein 100, water 250, NaOH 7,calcium oxide 15,
EP 828-38 and allyl glycidyl ether 2 parts.
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Vater-based casein adhesives.
Jap. Pat. 75,108,334 (Aug 1975).
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Watar-based casein adhewivers with improved water and hest
resistance and useful for wood-io-wood, wood-to-asbestos, and
wood-to-paper lemination contained epoxy resin and polyvalent
metal oxide or hydroxide, egt an adhesive was prepared from
casein 100, water 550, 40% eodium silicate 80, NaOH 2, caloium
hydroxide 20, and EP 812-2 parts.

34. Kawahara, N., Ishii, K., and Takemoto, M.

Water-based casein-epoxy adhesives.

dap. Pat. 75,111,128 (Sept. 1075),
A mixture of casein, calcium hydrcxide, borax and optionally
sodiun phosphate was mixed immediately before application,
with 5-200 parts (based on i00 parts casein) of epoxy resin to
give water and heat resistent adhesive with good initial
strength for wood, metals and plastics, eg! a ball-milled mix-
ture of casein 100, Ca(OH),; 50 and borax 60 parts was dissolved
in 300 parts water and mixed with EP 828-40, 50% SER latex 60,
PnOH and ¥Mg0 195 parts to give an adhesive.

35. Kawahara, N., Ishii, K., and Takemoto, M.
Water-be: ~ed protein-epoxy adhesives.
Jap. Pat. 75,111,129 (Sept. 1975).

VWater-based adhesives cortaining protein (gelatin-casein) and
epoxy resin in 100:15-200 ratio were treated with boron tri-
fluoride or tri-ethyl amine and SBR latex, nitrile rubber 1 atex
to give adh.sives with good wetver and heat reeiatance and ini-
tial alhesive strength fYor wood, metal and plagtics, egi: a solu-
tion from gelatin 100, water 150, K,Crp07 0.4, AcOH 15, Epon
812-60, and prlyamide hardener 24 parte was mixed with 4 parts
boron trirlluoriée and then 60 parts 50% nitrile rubber latex to
give an adhesnivo.

36. Junichi, K.
Pulverigation of colloidal cement additives.
Jap. Pat. 75,139,823 (Nov. 1975).

Colloidal substances such as casein are pulvariged with lime,
quartg or other rocke and added to cement to inorease the adhe-
sive property of the cement, eg:s milk casein 3 anl quartg =and
(No.8) 30 kg were mizcd and pulveriged for 6 hrs and added to
portland cement. The addition cf cagein increased the binding
of the cemeut to wood materials.
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3,10 Other proteinous materials

37. Mursysma, S., Nakatsuka, R., Suguki, S., and
Taiimoto, S.
Petroleum yeast protein adhesives for plywood.
Jap. Pat. 74’98,846 (Jan.. 1974)0

The 2-1iq-type thermosetting waterbased adhegivee for wood
contalin diepersions of proteins from petroleum yecst in aqueous
alkall and crose-linking liquid epoxides. Thus 100 g of puri-
fied dry petrocleum yeast cultured in n-paraeffin wae heated

1 hr in 2.1 aqueous NaCH to give s dispersion. A oixture of

owatAam 100 ra cradtiivul crvae ~lwnal A4 A~Tuwad A
Ut‘\—*o‘UAL '\lv’ t'\JA-JM-bD o> i f‘-J A e \‘-bLJ d‘\rl.‘-
sther 10, wheat flour 20 and sodium alginete 1 part was spplied
to veneers and pregsed 3 min at 130° and 10 kg/cz¢.  The ply-
wood had <ensile shear strengths 18.5 (dry) and 9.5 kg/cm¢
(wet), compared with 17.3 anml 7.5 reepectively, for similar
Plywood adherad with conventional urea-formaidehyde resin.

+he ohnvae Adan
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4.,  TANNIN

4.1 Tannins in general
(see alac 62)

38. Martin, B.
Energy crisis spurs research in veneer gluing
technology.
British Columbia Lumberman 59, Ko.5, 1975, p.3C-1.

The Western Forest Products Latcratory in Vancuuver, Canada,

is carrying out resegrch on the adhesives used for plywocd.

As petroleun prices increase, phenolic products from bark that
could be 1sed es plywood adhesiveg beccme increaesingly desirabdble.
The laboratory has isolated probleme in using bark phenolics,

but the author doee not elabvorate on them.

39,  Rey, D.C., and Chowdhury, S.
Identification of glue in plywood glue line: Part Il.
IPIRI J.. 5, Ko-z' 1975’ po‘4"60

Jdentification of glues containing tannin by microscopic exa-~
mination of mections stained with FeCly and dilute H;SCy is
described.

40. Sin‘h, S‘Pc
A note on tannin formaldehyde adhesives.
Journal of the Timber Development Association of
I“i‘:z’, !o.‘. 1975’ p.11"7.

The cost of synthetic recins is very high in India, due to thae
high cost of their copstituent chemicals. The cordensed tannins
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react with formaldehyde to produce paencl-formaldehyde type

of rosins; which ocan boe utilimed for the manuf oiture of ply-
wood, pariicle board, etc. Pherefore the ways end meansn

for the utiligation of these naturally ooccurring polyphenols
(tannine, as achesives from wasta meterials have been suggested.

41. Konishi, M., amd Ots, I.
Tannin adhesives for plywood.
Weod Indugtry,31, Ne.4, 1976, p.27-32 (Jap.).

42, Prokhorrhuk, ?.I., Teatska, E.M,, and Isaeva-Ivanova, L,S.
Furaece cetting reein from spruce bark.
Vsb., Khim. 1 Mekh. Pererabotke Drevesiny i1 Dreves.
Otkhodov L, 2, 1976, p.25-32 (Russ.).

43, Ohta, T., ard others.
kdhesives for wood.
Jap. Pat. 76,125,427 (Kov, 1976).

Adhesives were prepared from 30-40% (solids) tannins, 5-25%
baged on the tannins) syzihetio rubber latexes, snd 5-25%
based on the 4s7\nine, 23" anine-formaldehyde copolymér or a
gimilar copolymer. Thus, an achesive for wood comprised Acacie
tannins 100, water 113, NaOH 0.9, coconut powder 13, 97% parea-
formaldehyde 19.4, SBR 7702-40, and melamine 15 parts.

44. Hemingway, R.W., and Mcgraw, G.W.
Southern pine bark polyflavonoids: structure, reacti-
vity, use in wood mdheaives.
Proveed ‘nga of TAPPI For. Biol. Wood. Chenm.
Conf. 1977, p.261-9.

The structure of flavonoids from southern pine barks, nolecular
weight distribution ef Hy0-soluble tannins, reaciion of tannin
model compounds with formaldehyde, and adhesives based on for-
maldehyde-bark alkaline extraot reaction producte are reviewad.

4.2 NWpttle begrk tannin

45. Horioka, K., Sugano, E., Katsuzawa, Y., and Nayashida, X,
The synthesis of tannin adhesives and their properties.
USDA Forest Service, PForest Products Laboratory, Madison,
Adhesives Symposium, Sept.1975, and IGFRO Working Party
on VWood Glu1n" 1975’ pp027a

Chemically, watile bark tannia grown in Japan ia similar to com-
mercial wattle tannin from South /frica. ‘ennin reein adhesiver
using paraformaldehyde are used i: Japan but bond strength must
be improved. Thermal degradation of tannin resin sdhesives is
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greator than phencl rosin adhezives. Durability of phenol
end tannin adhesives is superior to urea and melamine-ursa
adhasives. Reporcinol-phenol~tannin adkesives are superior
to resorcinol-phenol=-foraaldehyde resin adhesivas.

46. Saayman, H.M., and Catley, J.A.
Wood adheeives from wattle bark extract.
USDA Forest Sorvics, Forest Products Laboratory,
Madison., Adhesives Sympomium Sept.1975 and IUFRO
Wor-ing Party on Wood Gluing, 1975, pp.15.

Black wattle (Anacis mearnsii) bark extruct containe 70% poly-
phenolic tannins, usesé to make a wide range of wood adhesives.
Thermosetting unfortified tannin-formaldshydo adhesive is used
at 10% of ohip mass for weather resistant particle boardj
15-20% furnish M.C. is poosible without blowing Auring hot
pressing. Vaterproof particle toard requireps 12-14%i resin.
Feutral pH is umed; pressing cycles are as fast as for urea-
formaldehyde resin. For interior plywood unfortified tannin-
formaldehyde is used; phenol-resorcinocl-formaldshyde is ad'ed
for waterproof bonde. Reaotivity is greater than for phenol,
Sc assendly and pross tifies can be rsduced. Phenol-fortified
shuttaring board is made ac well as a resorcinol-tannin-formal-
dehyde cold-getting leminating and finger~jointing adhesive.
ture supplies of spray-dried resin sdhesives are assured
through continued afforestation of black wattle in South Africa.

47. Saaymen, H.M,
Wattle tannin adhesives for wood bdonding.
USDL Porest Service. Forest Products Laboratery,
Madison. Adhesivea Symposium, Sept.1975 and IUFEO
Working Party on Yood Gluing, 1975, pp.4.

Polyphenolic flavenoid tannins extracted from bleck wattle
(Acegia me ii) bark have ranctive centres in the rara posi-
tions of tge bcngeneoid nucleii. They behave as typical phe-
nols in reac{ions with formaldehyde, and can bs uged to maske
tannin~-formaldehyde adhesive resins. Unfortifiod adhesives
for exterior grade particle boards have an 2xpected life span
of over 20 yeors; gurface trestment and edge sealing are required
for outdoor use. During nanufacture, 20% moisture ccntent is
possidble in particlcs without tlowing the board after hot pres-
sing; 0.5~0.75 inch thiock boards can be pressed in 2-5 min. at
180-190°%C, Exterior grade plywood requires fortifioation with
phenol, marine grades require phenol and resorcinol. Resoroi-
nol~tannin-Jlormaldehyde reocins cea be used for cold setting
laninating adhegives.




48, Scharfetter, H.
Glulam manufactured with Intermediate temperature-
setting plywocd adhesives,
Porest Products Jourmal,25, No.3, 1979, p.3C-2.

A substitute for resorcinoi-based sdhesives usued in manufuc-
turing glulam beams was urgently required cn account of tre
acute shortage of rescrcinol which arose in Scuth afric. to-
varés the end of 157%, and which is likely to continue inde-
finitely. A cormercial phenolic plywocd edhesive and wattle
anunin adresivee modified with szall gquzntities ci phencl end
resorcinol vere fcunc *tc osc suliatle fcr %hiz purpcse provided
the beams were heatec curing the curing etage. “he taunin
alkesives wer: preferred because the temperetures requirec
for curing were lower. It 18 eseential to maintuin a suftfi-
ciently highk relative humidity in curing chambers to prevent
the timber from beccoming dried cut. Facilities for curing =t
elevated temperatures in iaminating plenis appesr 1o ve econo-
ricelly justified, bec:zuse the adhesives tiste’ ccgt much less
than conventional laminating adhesives.

49, Ckxuma, M.
Plywood properties influenced by gilue line.
Wood Science and Technology,10, No.1, 1976, [.57-68.

The effect of the number unc the locstion of the glue lines ir
the cross secticn cn the bending propertiecs nae been studied cn
plywood bonded with tennin-formzidehyde adhesive. he thick-
ness ¢f zlue line has aluo been investigauted. by compcring
the theoreticel ecuations with the empirical ones, we can get
the thickness ¢f the glue line of wattle tunnin adhegive ply-
wood to be 0.15 nr. Young'e modulus in bencing of the
glue line of phenclic re=in i1s caleulated to de 21%.ig/c+C end
is larger than that of the glue line of phenolic reein becnded
plvv.ood. In releticn tc the veneer, Young's moculus of the
veneer under the condition of plywood assembly secems tc be
elizhtly larger thun that of the veneer under the free condi-
tion.

50. Sagyman, H.M., and Oatley, J.A.
Yood gdhesives from wattle bark extract.
Forest Products Journal 26, No.12, 1976, p.27-3%.

Ccniensed flavcacic tannine from the berk extract of Blacw
viattle (Acsacia meprnzii lewilé) were used tc prepare thermo-
setiing achesive resine {or the producticn of exterior crade
plyrocod, blockbonrd ané purticle board and a cold getting adhe-
elve forzmulation for finger Jj<inting ernd laminatios of ticber.
Unfertified tennin-formaliehyde resins were used to produce
sexj-ext.irdor gcrede piyrocd., Prenol- or resorcincl-formalde-
hyde fortifring recine were incorpcratec in watitle-base glues
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for fNlly sxterior grale piywood and construction Liookvoard.
The main benefits derived from these glues were neutral glue
linez and faaster prese cycles. Weather resistant particle
boards were vroduced with an unfortified tannin-formaldehyde
formulation et 10 par n=ant level on wood chip mass while at

12 t0 14 per cent level, exterior grade board was manufactured.
Copolymerigation of tannine and resorcinoi with formaldehyde
gielded a 00ld-psetting adhesive for lamination of South African
r

slggg ;gggggg timoper. Thie adhesive passed the relevant
tigh and South African Standardes for European beechwood.

51. Onta, T., Araki, K., and Kabe, T.
Adhesive compositions.
Jap. Pat. 7695,439 (Aug.1976).

Adhesives for wood were prepared from mimosa or quebracho
tannins and fornaldoh{do-uroa copolymer (I) or a similar copo-
lymer. Thus, 1-5 mols formaldecyde was ad justed to pH 7.8-8
with NaOH, mixed with 1 mol ures, heated st 40° for 3C min. t¢
prapare I (61% solids), and mixed with 50% squeous tannin in
ratio 111 to prepare an adhesivs.

52. Roy’ D.C.' naha’ Po’ ﬂnd Iw' Jo
Tannin adhesives for plywood manufacturet Part III.
IPIRI Journal,7, ¥o.1, 1977, p.1-4.

Deals with the use of mimoasa tannin for different types of hot
setting adhesives. Seven glus formulations for the manufac-
turs of WWR, CWR, BWP grades of plywood are given with their
glue adhesion strengths.

4.4 Quebre sho tannip

(mee also 51)
4.8 Other tannine

53. Steiner, P.R., and Chow, 5.
SBome factors influencing the usc of Western hemlock
bark extract as adhesives,
USDA Porest Service, Porest Products Laboratory, Madison.
Adhesives Symposium, Sept.1975, and IUFRO Working
Party on Wood Gluing, 1975, pp.25.

Some physico~-chemical properties of Western hemlook bark exireo-
tives vwere examined and vulated to 1tvs potential use in wooéd adhe-
sives. Age of darx and method of extraction affected final
sdhesive quality. Absorption spectra indicated a marked inorease
in colour instabiiity of aqueous extract with increasing tempe-
ratures at pH over 5.3. Differential thermal analysis (DTA
thermogram and gelation studies showed reastions of extractives
with formaldehyde resembled phenol-resoroinol formaldehyde resin
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showed temperatures over 17C°C nececed for resin cure 20-20%

% /¥ formaldehyde to bark extrast solids neceesary for cured
resin with maximum scitening iemperatures of 16C°C dry =and
180°C wet. Precs tczperatures cf *8C°C produ ed plywood bdbonds
vith bark extract-formaldehyde havirg shear stiosngth anc wood
failure of 1,17 MPa (170 psi) and 575 efter boil-dry-boil
tests. Lower press temperstures decrecced kond durability.

54. Steiner, P.R., and Chow, S.
Pactors influencing Western Hemlock bark extracts
used in adhesives.
Information Report, Western Forest Products Laberatory,
Canads No,.VP-X-153, 1975, pp.25.

The suitability cf aqueous extracts cf the barx of Tsugz heterc-
phylla for use in edtesives for plywcod c¢r particle cvcard was
studied. Extracte were ottained by colc pregsing the fresh
bark or by extraction witn water, and their stuuvility wae exa-
Tined. reactioneg with formeldehyde werz studied ty measuring
elation times and by differential thermzl emalysis. The
curing characteristics of the bark extract/formzldeliyde resin
resembled those of phencl/resorcinot/formaléehyde resins, Ex-
ploratory plywood tonding exreriments incdicate:l the practical
conditions of effective usce of the bark extractis.

55. Kolvik, B.
Chestnut wood tawnin extract in plywood adhssives.
Adhesives Age 19, No.3, 1976, p.19-21.

Chestnut wood tannin extract, a hydrolyzable tannin, has been
used to replace part of the phenol in normal alkeline phenol-
formaldehyd plywood adhesives 'n Malaysia for j01l- and weaiher-
proof plywood. Tre ~hemstnut wood ¢tannirn extrezct in spray-dried
powder form contains 707 tennins as polyphenolic compounds and
about 22% nontannins. Trials at 20 plywood factories showed
satisfactory perforn:nce with the chestnut-modified phenol-for-
maldehyde (PF) adhesives having about the same properties as
unmodified adhesives with respect to viecosity, svlids content,
acidity, storege life, pot life and glue mixture. Glue spread,
assenbly tiwe, pre-preseing time, and hot precsaing tize sare the
geame ag for pure unmodified adhesmives. The advantages of PCP

is reduced as high as tne price of the chestnut woocd tannin ex-
tract. The disadvantage of PCF is higher sensitivity tc varia-
tions in conditions during piywood manufacture. hesults of
cyclic boiling and dryirg tests on meranti plywood menufzactured
with the modified acheeive are given, along with specifi. adle-
aive foramulations. Chestnut tannin can replace phenol at a rate
cf up to 50% with satiafactory results.

56. Kulvik, BE.
Cheectnut wood tannin extract as cure accelerator for
phenol-formaldehvde wood adhesives.
Adhesives Age 20, No.3, 1977, p.33- 4.

—




5. LIGHIN

5.1 L Yaned epive

57. Roffasl, E., Reuoch, ¥,, and Beyer, S.
Lignin-containiug phonoiic-formaldehyde resins as
adhesives for gluing venesrs: Part II - Sulphite
waste liquor in combination with phenolioc zesims.
Holg als Roh- und Werkstoff,K 32, No.12, 1974,

P 469"720 (Ger. ) .

The rate of condensation of ligrin sulphonates by thermal
treatments in an acidio medium and in the presence of phenolic
resins can be greatly increased. Cn the basis of these
findings, it was proved thet specially prepared lignosulpho-
natee can be used to partially substitute phenolic resins in
plywood manufactuze. At 8 preesing temperature of 190°C,
about 30% of the phenolic resin used can be substituted by
lignia sulphonates without reducing ihe physical and techno-
logical properties of the boarda. However, at a presaing tem-
perature of 165°C, the asubstitution of ore than 10X phenolio
resins leads to a conpiderable doorsase in the physical and
technological properties.

58. Zhadnova, B.S., Sokclova, A.A., and Kochergin, V.M,
Heat-setting adhesivs resins from demethylated and
tall oil lignine. )

Khim. Iapol'Z Lignina, 1974, p.428-33,

Lignin-phenol~formaldshyde resin (I) was prepared if two

-tnious first modified lignin (II) obtained either by ths al-
kali hydrolysis of the sulphate or the residue from the %21l

0il manufecture, wac condens.d vith phenol in the presence of
Hp804 at 105-110°, then the condensate was reaoted with formal-
dehyde in alkalirne solution at 80-100°. (1) had excellent
adhesion to wood and 4t would be used as the bindsr for partiocle
boards. The optimum (II) phenol-formaldshyde ratio was 30
100150 weight parts.

59. Yamamoto, Y., Higuchi, K., and Okads, kK.
Synthetic rosins from wood extracts.
Jap. Pat. 75,121,392 (March 1974).

A phenolic resin useful as an sdhesive for wood products was
prepared by polymerising phenol and formaldehyde st 80-90° with
lignin deoomposition products. The lignin desomposition pro-
Suots contained oresol and cateohol components and were obtained
by oxpo-1n¥ wood éxtractives to an eleotron bean. The obtained
resin had 1.5-2 p viscosity at 30°C.
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60. Kilpelainen, K., Forss, K., and Fuhrmar:, :.
Lignin-based adhesives for the board 1i: dustry,
USDA Porest Service, Forest Productis Lawzatory,
Madison, Adhesives Symposium, Sept.1977, -n?
IUPRO Working Party on Wood Gluing, 1573 gpp.2t.

The Finnish Pulp and Paper Research Institu.e nas dev:loped
and patented a lignin-based adhesive \Karat:xz) for plywood and
particle board manufacture. High molecular weight Yignin
derivatives are co-polymerized with phenol- formaldehyde resin.
Laboratory tesgt results greatly exceeded As.erican and Finnish
Standards for softwood and hardwood plywoo’ls. Press times,

temperetures, ussembly tines, e¢tc., are gisen with shear strengths

and wood fallure percentages of typical plywcod panels.

61. Shen, K.C.
Acidified spray-dried spent sulfite liquor as binder
for sxterior waferboard.
- Proceedings of Eigkth Particle board Symposium,
¥ashington State University, Pullmann, %A,
March 1974, 1975, p.231-46.

Acid-catalysed, spray-dried povder of spent sulfite liquor ss
binder for exterior weferboard was superior to a previously
developed ayctem. The refined process sizplified the blending
operati.n, eliminated direct spraying of wafers with acid and
reduceG¢ the quantity of binder and acid required to achieve
acceptable finished waferboard.

62. Glue from pulp waste.
Pulp and Paper Canada’77, No.2, 1976, p.E&1.

Recent regeaxch efforta *o develop adhesives from bark and

japer mill wastes wcre reviewed at a recent sympcsium at the

US Porest Products Laboratory, Madiscon, Wieconeln, Non-petro-
leum sources of wood acheeives discuesed included tennin ex-
tracted from bark and used as a chemical feedstock to procduce
adhesives, with the bark residues then used for fuel, and lignin
wastes from pulp and paper uills. k new chkemical bonding
technique and a yprocess for recovery of concentrated fodder

and adhesives from chemical pulping wastes were discussed. The
Finnish Pulp and faper Hhesearch Institute has developed an expe-
rimental glue from lignin which can be used in making plywood
and particle board. The adhesive has been tested guccess-
fully on an industrial scale. Animal feed is aleo being pro-
duced at a prototype plant in Finland, using chemical pulp
wasien.
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63. Coyle, R,P
Pertiocle board, hardboard and plywood produced 4in
combination with a 14ignin sulfonete-phenol formal-
dehydo glue systom.
U.8. Pat. 3,921,072 (1976).

Procees for the preparation of an improved glue systex for
adhering wood particles to sach other which compriees preparing
a lignin sulfonato formaldchyds prepolymer by heating s sdlu-
tion of a salt of o ligrnooulfonic ecid with an alkali metal
hydroxide, thersaftor adding a first amount of formaldehyde to
form said pre-poclynsr, thereafter adding phenol to said pre-
polymer, fcllowed by the addition of a second mount of formal-
dehide and heating the resulting mixture to form the glue
systom.

640 LOU' Go:|| Pﬁrk' Boxo. and L." B.q,
Afplioution of lignint Part 2 - Preparation of
lignin resin and its adhesive strength.

Taehan Hwahak Hoeohi 20, No.3, 1976, 3.240-3.

Formaldehyde-lignin-phenol copolymer prepared using aqueous
NaOH-aotivated lignin was usod &s vood adhesive with higher
sdhesive strength than phenol-formaldehyde resiny optimum con-
ditions were squoous NaOH concentration 4% and mole ratio in the
copolyner 0.3 ¢ 0.0012 ¢ 0.1 at athesivs strength 25 kg/om®,

65. Blacknore, K.A.E., and Stout, A.V.
Phenolio adhesives.
U.B. Pato 3.956.207 (Ha] 1976)0

Reaoting dried spont gulphite liquor with phenol and formaldehyde
gave adhesivea for use in manufaciure of plywood. Dried sul-
hite liquor containing 12% phenol and formsldehyde and NeOH
{15$ of phenol added) was cooked to give 40% mixture (viscosity
1000-1100 oP at 25°) which was spread on Southern pine veneer

at 75-80 1b/1000 ft< double glue line, and pressed for 6 min, at
300°F and 200 1b/in? pressure to give a spooimen with 93% wood
failure (bottom gluo line) for 15 min., sitand time,

66, Froes, K.G,, and ’uhrﬂﬂnn' A.G.M, T,
Adhesive for use in ftoducing wood products.
Ger. Pat, 2'601.600 July 1976)0

Compounding alkalino polutions of sulfate lignin (I) precipitated
fron blaok liquor with formsldehyde-pheaol copolymer f§1) and addi-
tivos gave adhesivos for uea in manufacture of pltwood and obip~
»oard. Thus, a nixture (viscopity 1000 cP at 23°) of 37,5%
alkeline (I) asolution 450, 465 (II) solution 550 and a blend 84 g
from wood flour 30, nhaé} ;0 and wheat flour 20 parts was applied
on birch vgnoer at 1950 g/n° wui, ovo-leid, prepreosed for 7 min.
at 7 kg/on?, rnd hoti-preascd for 4_min., &% i35° and 16 kg/om? to
ive 3-ply plywood with 32.0 kg/ca? dry shearing stzength and
1% wood fraooture.
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. sonansscn, i.
Lignin-bszed synthetic resins,
Ger. Pat. 2,624,673 (Dec.1976).

(o]

Mixtures of sulfate lignin (1) with phenol-forraldehyde solu-
tions conte.ning 2 ocuring agent are gcod adhes.ves for wood.

Thus 10 g purified and air-dried I wes mixed with 5 g phenol=~
formeldehyde soclution (prepared by mixing 50 g paraformaldehyde
vith 100 g molten phenol at 80°) and 0.5 g FH,C1l, and the mix-
ture was stirred for 1 min. at room temperaturs to give an
adhegive which was used {0 bond 2 mm thiok pine veneer to 10 mm
thick chipboard for 5 nmin. at 150" and 5 kg/cmé. In delanmi-
nation tests wood failure was practically 100% end in trans-
verse strength testing chipboard failure occurred at 5.44 kg/ome.

68. Yamato, Y., Higuochi, K., Okeda, K., end Shibamoto, 8.
Lignin-phenol resin adhecives.
Jap. Pat. 76,148,73* (Dec.1976).

Adhesives were prepared from phenol derivatives and lignin ob-
tained from pulp cooling liquor wastes. Thus, a mixture of
phemol 50, a SO¥ kraft paper black liquor 50, 50% EaOH 6, and
Nas0 £.5 parts was heated 15-20 minutes at 60-80°, reacted 6
houre at 75-95° with formaldehyde, diluted with water, and ad-
justed to pH 11-11.5 witn NaOH to givs ar adhesive containing
40% lignin-phenol resin, whish showed gocd bonding atrength to-
wards plywocds.

69. fhen, K.C,
Spent sulfits as binder for particle board.
Adhesives Age,19, No.2, 1977, p.33=f5.

A new procems of bonding particle boards with en apidified

spent sulfi<e liquor in either liquid or powdezsd form in a
conventional hot press operation has bazen developed at the Eas-
tern Porest Products Laboratory, Canada. Prees time is similar
to that required for similar board made with a phenolic reein.
The finished board meets Canadisn Standards Association require-
ments (CSA-0188-68) for exterior grade particle board.

70. Shen, K.C.
Spent sulphite liquor binder for exterior waferboard,
Porest Products Journsl,27, No.5, 1977, p.32-8.

High-strength poplar waferboaré can be made with acidified
epray-dried spent sulpnite liquor (SSL) powéer as an adhesive
and with a press cyocle similar %o that used in ocommeroial phe-
nolic waferboard production. In goneral, laborstory-made S3S8L
waferboards showed agirg chcracteristios similar to thoes of
comaercial phenclic weZerboard when the conventional gcoelerated
aging treatments were applied. However, these conventional
aocelerated aging treatments are mainly deaigned to predict the
long=-term durability of nhenclic bonde ‘n wnod compceites. The
acidic SSL bonds mey hol.ave differently from the phenolic bonds
in their long-teru perforngnce. Jurther laboratory work has
been carried out to dotermine the effect cf acid on long-term
durability of SSL-bonde¢d waferhoard. ‘
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71. Okada, K., Yamamoto, Y., Higuchi, K., and Shibamoto, S.
Powdered lignin-phencl copolymer adhesives.
Jap. Pat. 7708,042 (J&n.1977).

A polymer adhesive for wood was prepared by heating phennl

and NaCH at 70-90° and pH 9 for 5-20 minutes, mixing with
100-280% (molar) formalin, heating at 70-95° {0 molecular
weight 200-2000, mixing with 30-60# (molar) lign;n/(a kraft
pulp black liquor containing 30 solids), 50-15C. {molar) for-
malin and NaCH, condensing, concentrating in vacuo, spraying
and mixing with 2-105 drying agent,

72. Yamanoto, Y., Koji, H., Ckada, K., cnd Shibamoto, S.
. Adhesivee for plywcod.
- Jap. Pat. 7721,305 (Feb.1977).

A formulcehyde-lignir-copolymer edheeive was preypsred by W
mixing phenol with KCH to maintain ph at 1?, heatigg et 80-8%
for 10-15 min, mixing wita 100-26C%# (molar) formalin, conden-
ning at §5-65° to mol. wt. 200-3000, mixing with 30-6C% (molar)
1ignin (ae a kraft pulp black liquor containing 37% solid:c),
50-150% (molar) formalin, and KCH, and condensing to molecular
wel ht 30C-30C0.

75. ° George, J., Zuoclagud, S.S., Narayanaprasad, T.E.,
Rangarafu, T.5., and dohandas, K.K.

* Partial replacement of phenol in phenol-formaldehyde
‘regin adhesive. Part 1 - The use of lignocellulosic
nzterinls,

Journal of the Indien Academy of Wcod Science,8, No.2,
1977’ p.4-12.

Comminuted lignncellulosic materials suck as wocd, coconut /
shells end ccconut Lusk after treatment vith phenol and[aulphuo Lan ac
ric acid at bciling water bath temperature can be dicpersed in  Such
dilute elkali. The dispersion 1eacts with Fcramcldehyce to give

a resin which i1s suitsable fcr preparing boil proof plywood and

boil reeistent perticle becard.

Experimentcs with sal wooc¢ flour and coconut shell pocwder show
that S0 to 60 per cemt of the phencl in Pz zresin «hesive can

be replaced with these materials. The volume of resin obtained
is about 2.5 o 3 times the vciume of strai _ht PF resin for a
given volume of phenol. Replacement of phenol in the plywood
glue line is thereby further increzsed to €C to 70 per cent.

The cost of the resin i1s estimated tc be aoout 50 per cent of tie
cost of PP resin calculated on total resin molids.

Coconut shell 1a particularly suitable ap a partial raplacement
for phenol. The powdered shell may alao be dispersed with zlkali
before (1) condensation with phenol and formaldehyde or (2) being
mixed with a high~formeldehyde P¥ reain to obtain the above ecuno-
mies.,

A million tonnes ol coconut elells are produced unnually in India
alone‘ . '
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6. OTHER GLUES

6.1 Cashewnut phell liquid glues

740 Dhamanﬁy' COP.
Anilino formaldchyde reeins in tanv fieid of CHNSL
based plywood adhesivas.
Paintindia,?s, No.8, 1976, p.20.

Aniline and formeldehyde are condensed in the presence of HCl
and the resin is mixed with phenol (1) {or xylemol (il) ),
formeldehyde, cachewnut chell 1iquid, and an ammonis cetaslyst
and heated at 60-T0°, Adhesion tents shcwed the addition

of 1 end II improved thec bonding quality of the resin. Adha-
eion was also imrroved by adding a Cull; hardener showing that
the reaction produots are 2-stage resins.

75. Dhamaney, C.P.
Preliminary note on the utilization of nil extracted
CNSL shelle in the field of CNSL based mdhesivas.
Paintindie 26, No.9, 1976, 0.19.

HCIIU was polymeriged with CNSL and oil-extracted, puilveriged
oashewnu! shells (A) to give udhesives; oil-exiracted (A) were
also used in the manufacture of particle boerd. Thus 90 parts
formaldohyde wes polymeriged for 45 minutes with 100 perts
cushawnut shell 1liquid and %0 parts A at 60-70° in the presence
of HC1 polymerization catalyst and CuCl); hardener to give an
adhesive. A typiocal particle board manufactured from 1 part

A and % garte sawduet with CuCly, hardener had bending strength
475.5 PsI.

6.2 Migosllgneous glues

76. Sankaranerayanen, Y.
Adhesives and shellac.
Shellac Export Promotion Council, Calcutta, 1970, pp.70.

Gives fcrmulations of different adhesives using shellac.

7. EKurata, R., end Takahashi, A.
Lecture on letex technology; uss of latexes in the
field of edhesives.
Mipron Gomu Kyo Keishi 47, No.11, 1974, p.735-47.

A review of adhesives for plywcod.

18. 8helobanovu, V.G., and Kiskina, M.A,
Latex adheaive composition.
Prois-vo 3hin, Rezinotekhn, 1 AsbLestotekhn.
Iz8elii. Nauch.- techn. 9, 1976, p.B8-Y.
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79, IMliatamby, D.A., and Kadarajah, N.
3tabiliecd naturel rubber latex adhesive for plywood.
Brit. Pat. 1,455,744 (Now. 1976).

Fornaldchydo ctabiliecd field or ocentrifuged ne“ural rubber
letex containing optional forma. iehyde r3sin ic usecrul as
inturply adhesive in cuu wwiufuoiure of plywood. Thus, a
55% solidc contenti adhesivs at pH 9-10 containing 5% formalin,
FaOH, 2nd a 50:50:20 formaldehyde-phenol copolymer str' ‘liged
natural rubber-knolin blend had failing load of 265.3 . nd
wam uscd {0 zake boil-, moicture- and woather-resintan- .
norcicl plyvood.

7.  EXTEVDZRS £FD PILLERS

7.1 Gaoparel

€0. Lambuth, i.L.
"Adkhepivos 12 the plywcod industry.
U3DA Forest Sorvics, Porest Producte wmaboratory,
l'~3incn, Adhepives Symponium, Sapt.1975 and IUFRO
Jozking Party on Wood CGluing, 975, pp.15.

A gonzz22l paper glving beokground inforzation onm ochangea ovsz
“he last docade in porfornance reaquiremerts for glue lines;
shangen in plywood nanufasture including esdhesive application
{ourtain ocoaters, sp-ays and roll opresders - pisce-work crswe
caax ctill out~porfora ecutomated eysteac on cost performance
pasis), layup anéd prons conditiorns for phenolic and urea gluesj
and gluv Tormul ations ptreosing the roles of various extenders.
Extezisrs nre sellulocic (rice and oat hulls, aut shells, tree

erks, and wond {lours, with rev corn cob sources and pulp
sludgs fince 2% higher moisture ontents); inoryinic clays used
alono or with cellulouicc:; otarchy oxienders to contribute
rhaolordicel vronertien relcted to anssmbly time and performance
tclorciaoezy precioing (bloo? and soy- gonsrally only urea glues
use tlocd)s dark oxtreota \these arc cxtenders, as only wattle,
monarov: or cvabracho oxtructe have adhesive propsrties); and
ligain Cezivatives (only Pinnish Bulp Paper Recearch Inatitute
product can renlesc un to 40%® >f pheiolic in a glue). Dispers-
ing c~cotn could bz nhanged - godium hydroxide can be deleted
for paorcidc rosing and, if am=-onia-based catalysts are used,
for vrca rosinn co well, then uroa added last. Othor additives
includo defocnars, wotting agents, curtain-forming ngentns, pre-
nreceeing cgonts t0 inoresso prepress bond otrength, glue line
ddentificro for rnalos aad legal jurposes, and viscosity or thizo-
tropliec ocgentn.
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81. Rovertson, J.E., and Robertson, R.R.P.
Revisw of filler and extender quality evaluation.
Porest rroducts Journal K 27, No.4, 1977, p.30-8.

Changes in primary evtender (filler) for softwood plywood
heve aroused interest in quality and svaluation of fillers
end extenders. Recent technical sessions and reports fo-
cussed attention on research and experlence with various
extenders and fillers. Some alternate products are dis-
cussged. Corfusing ncmenclature is discuseed with a proposal
to term the lignocellulosic/mineral componeuts 'filiers', and
he protein-starch components 'extenders'. Raw material
ources and practical quality contrcl procedures are related
.o the technical economical considerations in makin:; plywood.

7.2 Proteinous materisls

82. Minemurs, N., Imures, S,, Hirata, S., =mmd Sako, i.
Effect of melamine and potato-protein as reinforcing
material in the production of urea-treated plywocod.
Journal of the Hokkaldc Forest Products hesearch
Ingtitute, No.9, 1675, p.5-9 (d&n.).

Pcr the production of Japznese "Type II" plywood with less
emission of formaldehyde when a uroa~formaldehyde adhesive is
used, potato-protein shculd be zixed with urea during the pre-
paration of the glue, and the veneer used should be of low
moisture content.

83. Yamada, H., and Ichikewa, T.
Reeorcinol resin adhesives.
Jap. Pst. T698,740 (August 1976).

Resorcinol resin wood adhegives contained 0.5 - 100 parts of
protein, such as casein and defatted soyabean flour, as thicke-
nsr for improved applicability. Por example, & mixture of

100 g 40% queous formaldehyde-resorcinol-~copolymer and 40 g
30% aqueous casein had viscosity (20°) 1050 cp, compared with
40 for a control not contzining ce=sein.

84, Kato, K., Iehitsuka, Y., and Kcondo, 7.
AdhLesives for wood.
Jap. Pat. 75,105,342 (tept.1976).

folymerizing a phensl with an aldehyde in the presence of an
ulkali and a compcsltion containing tne resulting polymer, un
ethyleneanine, end an aldehyde was useful as an adhesive for
manufacture of plywocd. Thus = polymer (prepared by polymeri-
zing 1 mol phencl with 1.9 mol HCHO in the presence of NaOH),
diethylenetriamine (1) 4, paraformaldchyde fll) 3, aoyabean
flour 5, and wheat flour 5 parts were mixed. Three lauan ve-
neers were cozted (400 g/mz) with thg resulting compositisn and
premnsad together at 25° and 10 kg/cm¢ for_3.5 min to give a lemi-
nate with a tonding strength of 5.6 kg/cm2 wherease layer sepe-
ration occurred for a laminate obtained with a similar composi-
tion without I and II.
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7.3 Cersals srd starghes
(see also 84 and 105)

85. T!umt&, Ko’ and Niehida‘ Y.
Plywood with foamed glue.
Jap. Pat. 7506,526 (March 1975).

A process was desorihed for manufaoilure of piywood by coating
the veneers with adhesives amich as urea (I) resins, etc., con~-
taining foaming agents such ss inorgenic bicarbonates, and
acidic’ curing agenis, such es MH,Cl and laminating at high tem-
perature and pressure. Thue a paste (visoouit¥ 4.5 p) of
51.1% (I) resin sclution (viscosity 1.3 p at 30°) 200, wheat
flour 16, soyabean glue 12, 1% aq NaHCOz 2, and E>0 40 g was
aprliod on lauan veneers for 5 g/225 cm®, heated for 30 sec at
80%, and laminated for 15 min at 10 kg/ox? pressure to give
pl’" 00d .

86. Tamura, Y., -né Highina, T.
Decorative p.ywood laminates.
Jap. Pat, 76,110,008 (Sept. 1976).

A oompoasition containing urea resin and fibroua materigls was
useful for lamination of plywood with_deocorative wood. Thus,
lauen plywood wae coated ?15 8/900 cm?) with a blend containing
ML037 (melamine-uree copolymer} 100, wheat flour 20, glase
fibres 40 and KH.C1l 0.5 part, lsminated and stored for 8 (.r at
80°. No change occurred in storing the resulting laminate
joined with a similar ccmposition without glaws fibers.

87. Minemurs, K., and Imura, S.
Staroh waste as an extender of urea-foraaldehyde
veein adhegive.
Rinsen Shikenjo Geppo,298, 1976, p.1-3 (Jap.).

Two kinds of ctarch waste containing rich fiber and skir whioh
were made from potatoos with little or no lime added, were exa-
mined for potentianl usze ac extonder of ures-formaldehyde resin
(I) adhesive in plywood production. The gdhesive was prepared
from I 100, starch waate powder 10-20, water 0-50 and Cl1 1
part at 10-30°, Viscooity of the 1 adhesives decreased with
increasing amounts of water and inoreassing temperature, and in-
oreased nith increasing amounts of starch waste powder. The
avorage 4dry btonding otrength of plywoods prepared with the adhe-
sives (opreed at 2%-30 g/900 ox?) was 13.0-14.1 kg/cmc, the
average wet bonding etsensth after soakings in hot and oo0ld
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88. Roy. D.C.. Zoolagud, S5.S5.., Rahe, P.. Chowdhuri. 8.,
and Rangaraju, T.S.
Gelatinigad starch blended UF resin adhesives for
plywcod.
IPIRI Journal,7, No.1, 1977, p.5-G.

It 18 advantageous tc gelatinize starchy extenders such as
tapioca, wheat flour and tamarind sesd powder before mixing
them with urea-formaldehyde resin. Thr» resulting glue formu-
lations give greater ocoverage than mixes with normal ungelati-
nized extenders. Plywood made with grluotinized starch ex-
tended UF resin conforme to Indian Stendarde and shows no loss
of glue adhesion strength in 18 months of otorage at room tem-
pesrature.

89, Sohinabel, A,
Asbogtos fiber-extended phenolic adhesives.
Canad. Pat. 100,26,76 (Dec. 1976).

Lebestos fibers were used as viscosity- and thixotropy-ocontrol
agents for phenolic adhesives for plywood. The fibres echould
have a kerosene retension of 724,25 g/10 g fiber and should

be used in amounts of 4-11 parts per 70 parits phenolic resin
with suffiocient Ho0 to produce a flowabls mixture. Thus, an
adhesive wae prepasred by mixing (in sequence) Hy0O 55, wheat
flour- 14 phenolic resin 35. 50% NaOH 12, and phenol-formalde-
hyie copolymer 205 parts. The Brockfield viscosity was 108,000
and 32,350 op at 4 and 20 rpm, respectively, compared to 15,000
and’ 7,200 respectively, for a control containing 25 parts lig-
nooellulose instecd of asbestos. The adhesive was spread at
40 1b/1000 f£t2 on one side of face asnd bnok veneer of southern
pine and aged 15-120 minutes before pressing at 300°F for 4
minutes at 200 psi. The product wae betier than the control
in the bol1ling water teet (US Pruduct Standards PSI-66 4.4.3)
and in the pressure vacuum test (PSI-67, 4.4.8).

30. Tamura, Y., Fukagawa, A,, and Kagushige, T.
Adhesive for plywood manufacture.
Jap. Pat. 7728,915 (March 1977).

A composition containing 100 parts formaldehyde-melamine copo-
lyner {(I) znd 10-100 parts of a polymer (11) prevared by poly-
meriging 1 mol PhOH with 2.5-4.0 mols HCHO in the presence of

an alkali at pH £-11 wae water-resistant and usefiil as adhesive
for manufaciure of plywood. Thus, II (prepared by polymerizing
1 mol PhOH with 2.5 moles HCHO in the presence of NAOH at pH 9
for 1 hour at BO°) 30, I ML 047) 100, wheat flour 25, HpO 10 and
NH4C1 0.9 g were mixed. On joining lauan veneears with the re-
-ugting mixture, the strength of Bonding between the leayers wae
18.6 kg/cm® before and 120g kg/om< after boiling im Hp(.
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7.4 B

91. Inaura, S., Setc, M., Nekamura, A., and Abe, I.
Effects of bvark pcvder on sdhealve quality of urea-
formaldehyir resin: Part I,

Journal of the Hokkaido Porest Products Ressarch
In.titnt’, No.}; 1974; P-9”14o

7.6 Y¥ood flowr

92. TO.&B. ‘0! and Kosik’ K.
Active filler for thermosetti sadhesives.
Czech, Pat. 155,568 (Dec. 1974).

Waste lignocellulose, as saw dust, chips, bagasse or corn cobs,
cont aining 40-60% water ic treated with steem at 160-170°, and
B8-12 atmospheric pressure for 30-120 min., éried at 100-120°,
and ground to 0.2 mm grain sige to obtair an active filler
for thermosetting adhesives (especially phenol-formeldehyde re-
sin adhesives) which tekes part in bonding. Thus 200 g of
beech sawdust conteining 60% HgO was heated in an autoclave to
*165° for 120 min. dried at 110% tc 6% humidity and ground.

g%, . Eubota, M., and Saito, N,
Utilization of suwduegt as a filler of plywood adhesgive.
Translation, Environment Canada Nc.OOENV TR-G40,
1975, pp.27.
Tranel. from Rinsan Shikenjc Geppo, 23, No.7, 1974, p.1-",

94. Manabe, T., end Yamsguchi, N.
Paste for wall material.
Jap. Pat. 7508.46A (4pril 1675),

An adhesive paste for piyvood having improved workability and
fungus resistance was prepared conteining sodium carboxymethyl
cellulose substitution, degree 0.3%1, 10, wood flour 100, and
water 600 parts. Tetron fibres were also used as fillers for
the paste.

7.9 Rice husk

95. Xuen, B., Polliscc, F.8,, and Casilla, R.C.
dce mll powder &8 A glue filler in plywood manu-
facture: Part I - Effect on bond quality.
Philippine Lumberman,20, No.10, 1974, p.26-8.

Shorea squamata plywood panels glued with phenol--formaldehyde
reein containing 30-40% rice-hull filler were subjected to dry
and boiling shegr tests and found to meet the regquirements of
Phillppire standards for Type 1 plywood (for exterior use).
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96. Xuan, B.,, Pollieco, ¥.S., an¢ Casilla, R.C,
Rice hull powder as a glue 7illor ir plywood manu-
facture: Part II -~ Effect on power consumption.
Philippine Lumbermen,21, Ko.3, 1975, p.16-9.

The power consumed in sewing §?g;£g gggggfig Flywood panels
prepared as described in Pari 1 wes not significantly diffe-
rent from that required for paneis with coconut shell flour
(the standard fillsr for phenol~-formaldehyde adhepives).

Results oconfirm that rice-null povder is suitable «s a filler
in plywood for exterior use.

7.10 Other eytenders and fillexzg

97. Katayama, M., Onoe, A., and Tanaka, K.
Fillers for plywood aédnesives.

Powders obtained from the waste water fror washing rice wers
used as fillers for edhesives prepared from phenolioc resinms,
urea resins, and ursa-melsmine regins. Thus, waste water

(pH 6.5) fzom washing rice vac mired with 4 ppa of a floou-
lating agent and 600 ppm Al polychloride to give a powder (50
mesh), which (32.5 parts dry weight) was mixed with & urea
resin solution. Plywood made with UP resin syruy {50% e0iid)
100, powder obtained from weste wmater 32.5, weter 22.5 and
NH,C1 1 part gave good edhenion.

98. Katayama, M., Onoc, A., and Tanaka, M.
Peanut shell pewder for adhesives.
Jap. Pat. 75,29,6€1 (March 1975).

Peanut shell powlor was used as filler for phenolic, ures or
urea-melamine reuin adhesive, thus, 100 parie of a urea resin
solution (50% resin) was mixed with 20 parts peanut shell powder
(50 meen) and 27 parts watcr and mixed with 1 part NH Cl as
hardening agent to give en adhosive, with good bonding proper-
ties for the manufsoture of plywoods.

93, Toras, K.
Reducing the release of phenol and formaldehyde by
using Fenopreg adhesive and Hycofil filler.
Drevo,30, Ko.4, 1975, p.105-6 (Slovak.).

In the ocontext of work hygiene, factory tests were made to ocom-
pare the release of free phenol and formaldehyde into the air in
gluing Beech plywood with Penopreg, » new phenol-formaldehyde
adhesive recently developed at the State Porest Products Research
Institute at Bratislave cnd uuwolé with lignoceliulose filler
Hycofil; with two other ocommonly used adheaives. Results given
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in tables and grsphs, showed thet tho release of phencl and
formaldehyde is S tinmes less for Fenopreg than for the other
adhesives, and that the sharp rise in this relsase that is
usually obgerved with inoreasing mcisture content of the wood
is alaost non-existent in the case of Fenopreg.

100. Lllb\ith. A.L-' and Hﬁﬂron' V.M,
Thermosstting sdéhesive ocomporitiony extended with
cellulosic paper mill s_udges.
U.S, Pat. 3,907,728 (Sept. 197%).

Phencl ~formaldehyds resin and phenvl-resoroinol formaldehyde
copolyrer adhesivec were extended with cellulose pulp and used
to manufacture plywood. Thus, 1000 g of Pr and 150 g of paper
aill sulphite esludge were rixed in water and applied to ply-
wood veneers to give assemblies with average load 173 P8l end
984 failure.

101. Shishido, S., and Haseguwa, K.
Fhenolio rooln adhesives for plywood,
Jap., Pat. 7533.899 (Nov.1975).

Compositions of 100 parta phencl-formaldehyde resin (I) pre-
?arod in the presence of strong base ané 7-20 paurts beer cake
brewing less) have suitadls viscosity and are used as sdhesives
for plywood. Thuas, a composition of 100 parte I ané 7 parts
boor cake had viscosities 1575 ané 20%0 op initiall; an’Z after
6 hr, resp., md was applied to lauan wood veneers_at 30 g/900 em?
0clé ressed for 20 nin. at a‘prossure,of 10 kg/oa“ and hot
pressed for 3 min. at 140° st 10 kg/oc to give plywood having
adhesive strengths 25.6 . \d 20,4 kg/om? bafore and after izmer-
eing 4 hr in bdolling water, 20 hr in water at 60°, and 4 hr in
boiling water respeovivel v vompared with 1630, 3375, 22.0 end
17.5 respectively for s compositiion of 100 parts I and 10 parte
wheat flour.

102. Karpovich, 8..., and othern,
Use of sulfate lignmin for modifying carbamids adhesives.
Terisy Tokl.~ Vees. Konf. Khim. Igpol'l
Lignine, 1975, 1975, p.199-€0 (Russ.).

Urea resins modified with alkeli lignin (I) as dlowing ageat
are prepared as adhesives for plywcod, An sdhesive composi-~
tion containing ¥ 19 26 100, (1) 0.15~0.5 and WH Cl 0.5-1.0
weight £ increassed the delamination strength of the adhesive
layer on 24 hour immersion in water.

10%. Minemi, S,, snd Yoshisamwa, A.
Adhesives containing pulp sludgs for plywood.
Jap. Pat. 7700,49% (Jan. 1977).

Pulp sludge was used as an extender to prepare lywoocd adhesivaa.
Thue, an adhesive comprised Yuroid 3501 (ureas resin) 100, melamine
resin 0.3, pulp eludge 27.%, flour 14.5 and Wil,Cl 0.6 parts.

’
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104. Mseiima. T.. and Teuda. K.
Modified urea resia adhesives.
Jap. Fat. 7730,836 (March 1977).

The reaotion products cf aldehydes with waste liquors from
NaySCy sexmichemical pulp manufacture were used as extenders
for ufea resin adhesives. Thue, a mixture of 386 parte
semichemical pulp cooking waste (51.61 solidy and 81 parts
of 37% formaldehyde was heated 60 minutes at 90-95° to give
& reaction mixture {(pi 8.88; 43.3% solids). A solution
(100 parts) of 3 parte of urea resin and 1 part of th: reac-
tion amixture was heated at 60-100° with wheat flour 20,
NH4Cl 0.6 and water 10 parts and et justed to pH 7-8 with
formic acid to give a modified urez resiu sdhesive which
showed ¢ry and wzet bonding strengths 17.5 and 12.3 kg/cme
respectively, for plywoods, compared with 17.3 and 10.9 res-
pectively for a similar composition mithout the above reastion
product.

105. Mgejima, T., and fsuda, N.
Extenders for urea resin achegives.
Jap. Yat. 7730,835 (¥arch 1977).

The reaction products of sldehydes with gemichemical pulp
cooking wastze were uased as extenders for urea resin adhesives.
Thus, & mixture of 386 parts of semichemical pulp coocking
waste (51.8% golide) and €1 parts of 37% formaldehyde was
heated for 60 min. at 30-5° to give a reaction mixiure (pi
8.88; 49.3% solids). 4 reain solution {100 purts) of 60%
urea resin and 20F of the above reaction mixture was mixed
with 20 parts wheat flour and 10.6 psrts of NE,Cl to give an
adhesive, ich showed dry and wet bording strength 13.5 and
12.4 kg/om< respectively, for plywoods, compared with 17.3
and 10.9 resp. for urea resin alones.

LA XX ERNE
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