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I. INTRODUCTION 

L1gn1n 1• •n 1mporian\ oonat1\uen\ of wood. Apparen\17 

the function of l1gn1n 1a to a\1tten and strengthen the cell 

wall• of tree• and plant.a. Sometime• 1\ la referred \o a• 

ihe cementing material in •ood. The 11gn1n oontent ot plan\ 

stalk• averagea about 15 to 25 per oen\. 

11ll1ons ot ion• of l1gn1n are available each year 1n 

the Un1 t.ed St.at••• The larg••t quantity oomes trom t.he wood 

ualng induatri&s. Mo&t of this supply ie wa6ted or burned aa 

low-grade fuel. The saw mill waate in the lwnber 1nduetry 1• 

es\1mated at 10,000,000 tone p•r year of which roughly t5 per 

cent 1& l1gn1n. This industry either burns or wastes 2,500,000 

tone of 11.;nin eaoh 7ear. The atalka ot plant, turn1ah an-

other aource ot lignin. Thoae which are produced ln large 

quant1t1ea are pea vines, baaaaae, wheat and rye etraw, tlax 

straw, cotton atalke, oorn etalka, eoybean atraw, rioe 1traw, 

and numeroue graaaea and shrubs. 

Industry ha~ tried numerous ways ot u\111zing lignin 

was\e. Most work baa been done on nltite waste liquor (which 

contain• l1gn1n) produced by the sult1t• procese for nnu-

tactur1ng pulp and paper. Adbes1ve1, 1nsect1cidea, tert1• 

lizer, aoapa, T&nllJ1n, and c:1,-es are some of the product• 

made aulfite liquor. The manufacture ot theee materials 

utilize• only a very small percentage of the lignin that la 

availtible. 



the fact \bat lignin contains a phenolic radioal 1n 1ta 

atructure suggests that it might be uaetl11 as a resin 1n 

making pla•t1oa. HoweYer, the phenolic con\•n• 1& ao lo• 

ibat 1t bas not been auoceastul.17 uaed as a aubatituto tor 

pbenol•tonaaldeh7de res1na, bu\ baa been uaed aa an extender 

1n plaatica containing tneae resins. A 11gn1n 

used tor aaking wallboard b~s been obtained by trea\1ng 11&• 

nin tiret with a zinc aalt anu \nen with~ r•d~oing agen\. 

One diaadTantage of most li&n1n pl.at1o• is their dark oolor. 

To be used tor decoratiye materials that will compete with 

other plaatioe they muet, be produced in lighter color• and 

the ratio ot water abaorpt1on muat be #educed. 

The purpoae of this 1nveat1ga\1on was to make a l1gn1n 

reein and plaatte troa aultate 11gn1n by refluxing 1t v1tb 

a metallic salt.• t,reat.1ng 1 t wit. ll hydrogen sulfide, oendena-

1ng it with a condenains agent., and molding \he res1noua 

produo~. 



II. LITERATURE REVIEW 

~all-oard Produced trom Z1nc Sal\ Ite~~•d L11Q1Q• A 

proce•• tor making a l1gn1n wallboar4 has been deaortbed b7 

Se1berl1ch {19, iO). A 50 sraa sample of Scholler l1sn1n 
waa refluxed with a 10.C aolut1on ot z1nc oxide or Sino aul-

tate for & hours. The lignin was f1ltered, washe4 1 plaoed 

1n an Erlenmeyer flask, and gassed aeveral times wtth hydro-

gen sulfide. The h7drogen sulfide ~reat.ed lignin waa heated 

1n a commercial solution of formaldehyde for IO mtau\ea. 

The product, wae aolded at. .i•QOO 1ba. per aq. in. a\ a t,eaper-

at.ure ot 100°r tor t.hree nill}u.tos •. The co~ 
, -, .. ..,_,,,.. 

pared favorably with Masonite and other wood preaoed wall• 

boards. 

Seiberlich bas treated lignin in a •tmllar wa7 w1t,h a 

1og aod1wa t.et.ranlfide ao1ut.1on a·nd t, hen w it.b. e\b.Jl•n• 

oblor14e. However. tbt product, •xh1b1\e4 properi1•• 1nfer1or 

to \ho•• made fro• \be z1no aalt \rea\ed l1gn1n. 

1e,saiLa-•204 Ly1.y\e4 Mat.tr&•~- One of the t1rst, 11gn1n 

plastics was of the laa1DAt.ed board t,yp•• Boehm (1, ,, 6) 

baa described a proceae use4 b7 the Masoni\e Company 1n 

making 11gn1n plaa\1ca. 

Wooa en1pa were treated tor a matter of second• at a 

steam pressure of 1¥00 lbs. per eq. in. In \ni• abor\ ti•• 



lignin ••a first. aoft•ned. by the b.1gb temperature steam an4 

then upon &Qdden release oft.be ch1pa to atmoapheric press-

ure, the)" were explocted by the high 1nterna.l pressure result-

ins 1n a aaae of t1bers siill ooat.ed with 11gn1n. 

In the manufacture or the plaatio, t.hia fiber was sub-

J•ct.ed to a temperature ot 175°c. and a pressure ot 1100 lba. 

per sq. in. and the fibers were again bonded by the 11gn1n. 

Curing was very rap 1d. In fact. 1t was only requ1 red that 

the temperature be raised to the curing temperature before 

oh1111ng was started. 

Similarity of tnis act.ion tot.bat. of the the.rt1oaeiiing 

resina led to furtbe r study of thla phenomenon. Some trac-

t-ion• ot exploded fiber exh1b\t.ecl a Yery high degree ot 

plasticity wb1oh, when molded, produced a product, similar 

in many ways to phenolic laminated matorials. 

The llb.eet.a or panels produced exploded wood ohips 

oan be ma4e in an1 t.hicltneae from 0.1 1n. \o 1.0 in. l\ 

bas a syec1t1o gravity ot 1.451 a ao4ulus ot rupt.ure of 

about. &O,OOOlba. per aq. in.• a t,erusil• at.r•agt,b of 10,000 
l'ba. per sq. 1n., a compresa1on atrengt.h ot about, >::5 1000 

lbs. per aq. 1n. and a~, bour water absorption of leaa 

th&n l per cent. It,1 cU.elect.rt.o properties a.re good. It 

••1 be drilled, tapped, or turned readily, preaent,1na a 

luatroua black t1n1at>.. 

L1&a1n•Phtn•A R••~a- Chtllllper and Chrtat.ensen {7) b.ave 
described a method of making a 11gn1n plastic by condensing 
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it with phenol. An excess of phenol, for example 600 grams 

containing 7.5 grams of sulfuric acid, was heated to approxi-

mately 100°c. and a~proximately ~50 grams of lignin was 

added to the phenol as rapidly as dissolution occurred. 

This mixture was held at about lOouc. tor an hour, and then 

the reaction vessel was connected to a condenser and vacuum 

pump. With continuous agitation, the temperature was raised 

at the rate of about 15°c. per hour unt.11 the ultimate tem-

perature of 155°c. was reached. During this treatment a 

mixture of phenol and wuter was distilled over, the phenol 

being recovered. 

As the condensation reaction progressed, the viscosity 

of the mass increased. The reaction was continued until all 

unreacted phenol wa~ distilled oft. At this phase, the 

initial mass had become a viscous black proauct. This resin 

cun be dissolved in suitable solvents ana uaed as a varnish 

for protective coatings or it can be dispersed by a dispers-

ing agent und used as a filler 1n ti ber boards. 

The resin can be mixed v,i th su1 table 1ne rt f 1bers such 

as wood !lour, asbestos, or ground vegetable fibers and mol-

ded. This treatment was carried out at a pressure of 1,000 

lbs. per sq. in. and at a temperature of lb0-l80°c. The 

polymerization product was a hard lustrous, insoluble, and 

infusible resin. 

Resins from L1gnin b;'[ Gonde4!1.qg__ '~-~-~h a Polybasio Carbo-

X!lic Acid- A wide range of useful resins may be obtained 



troa lignin by condensing it with various polyoaTboxyl1o 

aoida. Wallace {18) bas 111&4e t,n1s type resin aucc•••full7 

by using euch acids as auccin1o. glutar1c, ad1p1c, p1m•l1e, 

auber1c, a.zela1o, and ••bac1c. From 10 t.o 40 part.a ot 
polyearboxylic ac14 1• uauall7 1utt101ent to rea1n1ty 100 

part,s ot l1gnin by weigh\, when the acid and l1gn1n are 

heated t,o bet.ween l5o0 c. and ;::;10°c. The t.ime required 

varies with th• aource ot the lignin, but. gener•lly • \o 20 

houra heat1ns are sufficient. for example, a good resin 

can be obtained trom a mixture ot 70 to 71 part.a ot 11gn.1n 

and 30 to 25 parta of either aucc1nlo or pbt.hal1o ao1da 

heated to between lij0°c. anu 1so0c. for 6 to 6 hours. 

Such reetns are useful for molding oompoaitiona, aur-

tace coatings, and bon4ing asen\a tor abrasive wheels. 

!tl1n1a-Pb.•no1-ro~MJ. d.ehY4.!.~¼ na- Coll 1nga, Fr•e•n, 

and Upright (8) hav• disco•ered a procesa tor making a phen-

resin. L1gn1n was d.igeated 1n phenol 

or a solut.1on ot a phenolttt.e suob aa eod.ium pb.enolat.• • pot.a._ 

a1ua phenol•te, bar1wn pbenolat•, aodiwa-ortho-creaol~t.•, 
sodiua ~ylanolate, or a.mmon1•••-ohlorophenola te. The 4igea-

t1on t.c;,olt pla.oe bet.•••n l.5o0 c. and iew0 c. Th• a1xt,ure wa• 

cooled to between 5a°C. and so0 c. and an aldehyde added 

t.neret.o. b'ubat.ant.ia.lly any aldehyde, tor example• ace\alde. 

hyde, toraaldab7de, bui7ral4ebyde, ben&aldth7de, aa1107lalde. 

byd.e, or furtural4eby4e, can be used. The reaction aixt,ure 
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was t.boroughly agit,a.ted ano. au.int.a.inea at i.i temperature ot 

uso0c. f11r a period of t,1.me r•q•ired \o cau•• oondena-.t,141111 

but 1nsuff1o1ent to cause precipitation ot tbe condensation 

proauct, from •lution. The temper•t.ure ot the eolut1on was 

~aJuated to bet•een &000. and 4ooc. and ao1a1f1e4 t,o preci-

pU,at.e the tbermo-aet.t.1ng mat.erial. Thia mat.er·1al ••• then 

washed and filtered. 

A was prepared of 70 par-t,a b7 weight of the r•-

e1noua product. w 1th 30 .()&rt.a of commercial rubber duet,, l 

part of caloiu hydroxide, 2 part• ot aodiwa •i.earat,e, and 

4 part• or carbon bl.ck. Thia compoa1t1on ••• molaed at, 

1so0c,, cUlQ a pressure of 2,wo Iba. per sq. 1n., tne mold• 

ins oyele llein& a ainut.••• Tne molded an.1011 was hard and 

ba4 a gloeay, blao~ aurrace. 

A similar pheol-aldehy4e-11gnin rea1n bas been des-

cribed by Hoohwal\ c1,). Approximately ir.6 part.a of l1gn1n 

by weigh\ ••r• diaaolYed 1n ~5 part• ot phenol b7 heatina 

tbe mixture on a steam ba\h. A solution conta1n1na 34 parta 

of 40',( formaldehyde and 2 parts of aodiua hydroxide••• a44-

ed and the t.wo aol11t.1ona were t.b.orough17 mixed. Heat.1ng ••• 

cont.1nued un\il t.be u.as ab.owed eY1dence of aol1d1f71ng. 

It waa then ooole4 and a tough dark brittle aolid waa toraed. 

Thia aubetanoe was m1xe4 with a tiller and paaaed between 

the nip of a pair of smooth roll• and heated to a tempera-

ture ot ~io0 r. tor 60 seconds. 
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D'Alelio (10) has prepared several different phanol-

aldeh1de•lignin resins. He dis~olTed 116n1n in phenol and 

adoe4 fonnalttebyde solution containing sulfuric acid aa a 

ca taly-11\. Tb1s mixture wae b.eat,ed tor 15 a1nut.e:s • ma.Qe 

alk~line w1\b sodium hydrox1ae. end he~teu tor un aaait1onal 

30 mlnutes. Th• resin produced was molded ai z.ooo lbs. per 

sq. in. and at a temper~iure ot 175 \o 1ao0 c. tor 50 aeconde. 

Anotner grQup ot phenol-formaldehyde resins have been 

described by Fiedler (ll). For example, 300 pc;irts ut lion·in 

b1 ••isht were dissolved 1n iOO p~rts ot phenol at a tempera-

ture between 5000. and 100°c. 450 parts or cold 

hyda were ~atled ~nd unen the temperature reaohed o~proximately 

65°c. to ?5°c., 11.5 parts of ao~ium hydroxide ~ere added. 

The reaction was ~llo•ea to prooe•~ for ~pprox1mately 30 

a1nut.ea at, t.ne bliiiling poiut. 15.3 po.rt.a ot an111nl were 

added and the reaction allowed t.o OQn\inue tor appro•taate17 

live minutes longer. The liquid resinous mt1sa wa~ deb7dr•t•a 

unaer redaaed preaeure. The hard resin produ¢ecl wae powdered 

and molded. 

Aromatic amines such as pyridine, p1per1aine, naphth7la-

mine, and qu1nol1ne •¥ be u~ea in vlace of au111ne. These 

substances react with tree formnldehyde and po~eibly w1th 

l i&nin. ?rhi=. taver its comJ.1oei.t ion may be, the reaction pro-

duct t.hus formed appeared to plaa\iciz• the aa1n resinous 

body so that, aoldabl• compos1t,1ona produced \heretrom b~d 



bette.'r fl.ow or pletet1city. an.a. the m,;,ldea a.rtiolts better 

a,1rta0e finish tMn ,Products free from &llCh rea.otion prod--

ucts. 

L1SJ!.i.n-fonnaldeh;yde ~UiQ- Bailey ana Ward (3) cla1.m 

to hav~ developed a lignin-formaldeh7de resin which Cf.Jlli.Pl:!.r~u, 

t• Vtff~bly in er1t.icttl laboratory test.o w1 th tlle bellilt 001111er-

ci~l pla.st10s. 15 erame of bu\a.nol 11gn1n were diaeolYed 1a 

2'00 al. or water and 15 ml. of ~. 6N souium hydroxide. This 

oolution -~& IDQ~e up~- 750 Ml. w1th water, 33 ml. or ~,re 
fonnaldehrde and 6 ml. ot ammonium hydroxide !j<•ere ti.Gl.utH1. 

J\t this 1,,hase, t,he electromet.r1c pH wa.e 10.5 to 11.0. '!'his 

mixture '!ias placed 1n a stainless steel autoclave and. brought. 

to l40°C. (rec1u1r1n~ 30 minute ft:) w .t th cvntinuuua at,irring 

thr·ough a .stutfinz b,)X, The temperature was held at. 14o0 c. 
tor l hour and -.z,han a11,n,ea to cool to room temperat,ure { re-

41.1irin~ 2 to 3 hours). The. ;,H at th1 s po lnt t,as approxima-

tely ti.3. The solution was me1.ue alkaline to a pH of 10.5 

to 11.0 ,;:1th sodium hydroxide {~ .. 5N) e.nd filtered. The 

yield was 80 \085,.; based on originttl but.u.nol 11ga1n. 

Bailey and Ward (3) used roo·ny ctifferent plhSt.1c1zers 

and till ere 1n their molding met-hods. Soae or tne .Pl•ut1-

c izen; u.1ed we1·e; cast,or oil, flex.:;.lyn, aibut1l ph."t.ilca.J.a:l,e, 

fhenol, butyl phthalyl butyl glycc:>late, o ... and p ... t.oluene 

sulfonamide, trieth7l citr-ate, ~a tricre.:iyl pb.oapbat.e. 

Various eor-Lcent,n:nion~ of pltietio1zers \lere employed e.nd 



effects on •ater resistance, flexural strength• modulus ot 
el~~ticity, flow, etc. r.ere noted. Tricresyl phosphate 

proa.uced eftscta generally superior to thoae ot other plas-

ticizers. ~ater reeistance was improved 800 to 300 ,; while 

the :flow point we.s reduced from lic:O•l40°c. to so-100°c. when 

l~ triore•yl phosphate was added. 

The fillere used were b1gh-strengtb cotton cloth, glasa 

thread, and wood flour. The amount of filler rangea from 5 

to 5~. Small proportione incr•-~ed impact strength ~00-

3()()% without advereely affecting the moduli of rupture or 

el~st1c1t7 • .Bnoraoualy high impact at.rengths (~Oo,( h1gher 

than the phenolic plastics) were obtained by t.he use or 

le1trger quanti t.1ea or filler, but. as1mul tea.neo'1s lose of flex-

ural strength and stiffness occurred. 

The butasin resin was molaeu at a vreasure ot &,ooo 
lbs. per sq. in. The pl~tene were heated from room tem-

perature to ~50°c. (20 minutes), held at ~so0 o. tor 5 ain-

utes, and cooled to 1s0o. (20 minutes), and the molded butaetn 

wae removed. 

!__JA..m!-.I! .• tJ..tt1!.ti_Llr..2!!-Crude Cel_l uloa !..<!.Mater ia.1 __ §9£~~ 

.§~J.•.<!J!!i• Geller {12J hae described a method. of making a lig• 

nin resin from sawdust. 100 gri&lle of sawdust, or o~her l1gno-

cellttlos1c materibl, ,were added to a molten bath of a paraf-

t1n hydrocarbon. 'fhe mixture wtu, agitated slowly, 2-i 

srdle ef Ltre~ 11tere o.d.c:ieci, followed by of mixed 
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acid and 4 parts ot 98~ acetic acid. The mixture was main• 

tained 1n a molten state and agitated tor 10 to li minutes. 

One to three per cent ot pure 11gn1n was added, and mixed 

thoroughly. The wood ~as allowed to settle a.ad was separ-

a~ed from the p~rattin. 

For molding, t \o 1i of 98' acet1o ac14 and 3 to 4~ 

lign1n were added. The mixture waa molded a\ pressures 

troa ~.ooo \o 6,000 lba. per •4• in. and a\ t•mperatures 

betw••n ~40 and 3ao0r. Thia plastic may oe inoorporatea 
I 

with phenol-furmaldehyde resins 1! desired. 

Y.!!,! and F1:1ture of Li_gn19...fi~j.aa- According to Aries 

(l,1') and Lewie {15)• t,o date the ohief use of lignin 

plastics bas been in luminat,ea. wallboard.a, and in l1gnin-

extended phenolic resina. Lignin laminates ha.Ye been useful 

1n t.h• elect.rioal industry. Due t,o good electrical prop-

erties they have been usea as switchboards, switch bases. 

spool head•• 1naulat.1ng spacers, and insula t, 1ng supports. 

They are also being used for ice oube trays, office chair 

bearings. foundry pattern•, and other a.pplioa.tion•. Ligni~ 

has been uaecl aa an ext.ena.e1· in phenolic resin• t.o lower 

the cost,, but no lar&e amount has been use'1 iu 't.bie way. 

L1e911n has not, proved. to be a auoceoatul phenol subst1t.ut,e 

in the preparation o! phenol-formaldehyde reaina, possibly 

becauae of the fact th~t, only one phenolic radical exiots 

per weight of 840. 



Tb.e u.•• of 11an1n plaat.loa 1n any 1ars• quant.1t,;y 1a 

nut yet, t1. real1\J. LErn1~ (l:>} baa est.1mateo. tb.~t ~u tona a 

w•ek of li&a.1n plast.1 oa and ext.ilndera wen bsins marketed 

or a,ouo ~one ot raaina and pl~etica ai that s~e time. 

S~me l1gn1n plaat1oa are brittle and all are ~ark colored. 

Ba.tore tbey oan l>e more wict~ly ·aliled it •~ill be neoessa.ry t.o 

develop bet.t.er plaat1o propertiea. To oompet.e in tGt.e decor• 

at.ive tield, li~1n au.et. bii converted t.o a form 1rbicb ·,,111 

produce colorleQs atrong t.b.~nnoplast.ic and i.b.ermoaet,ting 

Karly ao1ent1sts thou.gilt- t.bat- wood \ta.a a definite 

obamioal au.bst,a.noe. A Frenoh ehesn1at., Anaelm• Payen (17)• 

wa.s the t1rat, t.o sbow tb.at, wood mt.a a het.eroaeneoue m1.x .. 

ture. lie t. reat,ed wood w1t,b. n1 t.rle acid, alka11ea • alcohol, 

and ether and obtained a au~atane. wb1oh be Galled oellu-

loae. In t.he process ot 1eolat.1on he bad removed a &roup 

ot subst.anoes whloJi ha oalled t.he .. true woody material" 

(la m~t.iere 11,3neu6I veritable). Ha cons1dere4 the cellu-

lose t.o be aurrounded or 1mpregnat.ed. wi t,b. this uw.terial. 

our present day \heory, according to Hasohe (13), con-

aiders wood io be made obietly ot ••llulose, l1gnin, and 

pentoeane. The function of 11gn1n in the plant le to give 



s1'reastn and r111<1U,y Ire \ho o•ll wall wh1 cb 12 ma1nl7 oellU• 

lo••• It- 1• believed t.nat. 11au1n 1iii der1Yed trom t.he pent.o• 

1Hu,a 1a w:;1od. l'be f.l16'l1••a ot •arlotaa t.7pea of woocl ar• 

at:i.o•n in t.ne rollow1na t.abl•: 

Malyaio ut iroQ4a 
(~of oven dr'/ aaapl•• J 

· ·~r •• .:·10·.. •· ------·-----
Typ• ot toocl Acid Pent.oaa?:)s Cell•lo»e .t.ipin ------------------ ··"······--···· .... - .. . ... 

~k.n-•-•-•-•-·•-··~uE--..-,A-•-21-.---~t~~q,,=·~· -·--•.-..r.1.i.,t~'----·-··-·-~~~--
li111U1.. . . ...J.s..' ..... .A.--. _ti::;..;;·N• ...... ea.....__, _____ l•-t-1 .... f-,. __ ,.l2tl&. 

I!a\!rk ~- I ,,.~t - Utll .. I' l!hQl, ' Ht81 
&1!1 Q.11, , ......... 1,21 ........ G,t~-....... __ ..tih!I ___ lit'll .... _ 
Sbellbartt 
JiUiltx .. -- . ,, Isl, iteJM ........ li,Mt •.l1it . 

Pblll1pa U, 7) at.at.•• i.aa t, t.h• ,ta.ea1oa1 at.ruot.ure ot 
11anln 1• oeaplu and. net t.hot'o11ply uderat.ood. •1, oat1 a.ti 

b• ••pba•1•4 \o4> at.ron111 t.h•\ 1\ 1• •nttlrely pr•aa\ur• t.e 
propo•• any e•n•t.1t.u.\looa1 tormula tor lt1n111 oona1c1er1n1 our 

1nooapl•t.• kno•1•4&• •t ta.he onu1•1'r1 of thi• •u•tan••• (1 T). 

The preaeGoe of ••rt.aiA oonat.i\11•11t.. aroupa, how•vor, baa 

4efJ.n1\e1y b••n ••ia1Jl1abed., 

It. 1• known t.hk\ a number c.t aat..h•xyl and bydroxyl 

grou.pa are prethm\ in t.n• 11p1n a\r110\1.1r•• Ot,her croup• 
oeiu,1at.1na ot a nuraber et aroaat,1c •o•b1nat.ion• are a1ao 



present. Braun'e (17) formulation tor lign1n involves a 

keto-enol1c isomerism whlch may be represented by: 

CH1 0 
CH10' 
CH:10 
c~o 

OH 
C . Of/ -

1111.Jz O.s OH· -
OH 

'-C=O 
I 

I. 

(fl.JO 
CH,10 
CH.,O 
CH,;O 

OIi 
OH 

C.11Hj106 OH 
OH 
=C-H 

J 

Cross and Bevan (17) were the first to propose a con-

stitutional formula for lignin. i1.lt.hough it is not ii.1 bar-

mony with modern concepts, it is presented for historical 

reasons: 

H 
I 

C-OH 
I 

OH 

Ku1·sch.:1er (17; conuider-ed ti.1<..t lignin is a ,JolJ11,er of 

tluoos1de coriiferin ,,h1ch yields conifel~yl alcolwl en :1yd1·0-



CH20H CHzOH CH2 0H 
I I I C-H c-H c-H II II II c-H c-H c-H 

0-0Cll.1 Q-oc~ 
0 0 0 0-0(#3 (joc113 ~~II, 

CH20H cH20H f H2.0f/ l I ---c C -c c- -c c---I I I I I J H H H H X-2 II fl 

the benzene nuclei are connected through oxyien in ether-

like linkages. _:;._ compo•,md w1tl1 this type of structure ought 

cii th hydriodic or hydrochloric ac itl. Ifo :Juc~1 com;,,o';.lnd s ha.ye 

been obte•.ineci fr0m apru,~e 113.nin. 

F'reudenberg U 7) cv1:.:$id8red lignin ~s ::i. lia.:nr condcn-

~a~\on product of building units (IV a~ci V) 1 n~~bar V baidS 



CH,2011 
I 

H-C-OH 
I 

H-C-fl 

O-OCN3 
OH 

IV. 

16. 

1/ • 

The condensatLin product. of these groups 111;ere represented 

by formula (Vl ). Thia was cieti.lignated as ilpr·L:ic.-r·y lignin by 

Freuaenberg. The polymerization of "priffi~r1 lignin" pro-

c.u.oe ;J "secondary li&ninu. 

H H H~ H H H~ H H JI 1 I I I I I o .... L'>-c-c-c- -o-yc-c-c- -o-yc-c-cHoil 
I ,·",--/ f I t ·1 I I I I '2 

Ha c-o H OH H OCHJ H OH H 10 OCHJ fl OH 

VI. 

The above a\ruot.ure o! 11gnin was subsequant.ly mot.li-

t 1ec:i. by Freuaenberg. He cons1 d,~red that. th13 t.hr as-carbon 

i.id.e cha.in ,Day bs: either (VII), (VIII)• or (IX) and that 

theie are att.a-cneo to t.1romat.ic nuclei (X:), (XI), and (XII). 

H 
I 11-c=o C/13 H-C-OII 
I I 

H-C-OII 11-C-H c=o 
I I H-C-OH H-C-OH H-C-011 I l I 

V l J. • V J..1. ..l. • l.)~. 



.1 ·1. 

OH 

. . 
-A• :er. ·• I .J.. • 

Tt1rollg:::. etheri.t'ication und subeequent co,;u~n;.;. .. :~ion :;f 

tt 
I rt-c 
I 

H 
I 

H-C-Oil 
I 

1-1-c-011 
I 

11-c-011 

OCH, 

C-OH 0 
H"c/ 

OH 

1,-c =O 
I 

11-c-11 
I 

H-C-OH 

OH 
' H-C--

OH OH 

1 
H-C-H 

I 
c=o 
I 

H-C-0/-1 



u~ed. ;.,im.l.liid"lJ". t.1.towatic nuclei (XI) and Oi:II) m~y unuergo 

eth~ritivc;..t1.on an~ cuncu:,n~ut1on 1'01·11ini ~nt.lGsou~ pr"ducts. 

Lew is ( 16) saya the.it. 11 g.riin in 1 tse lf is a peer mcd,e rial 

for plastics. This m~y be due to the prtaence oi various 

types of hydroxyl groupa whicn m~• it rel~tivel7 hydrophilic. 

In the condensation of lignin with fcrmaldohyde and other 

compoun6•• toe phenolic hydroxyl grcupti in the lignin may be 

coVt.d'ed, but t. her· e st1 ll remG.in e lcoholic llJdroxyl eroupa 

which ,.,ill a.ffeot the water resistance ot plai.ietice •oe 

it. Covering these hydroxyl groups by acylation should make 

the li~nin less hydrophilic. 

solution of lead acetate 1• reacted Vii tn 1:eadol a.no. lead 

Me~dol precipitates. The aalt tbua formed appears to b~ a 

mixture ot lead 11gn1n con\a1n1ng one le&4 atYm for two 

hydroxyl groups per building W'l1t (aeau111ng a molecular . 



we1p.t ot 110) and on• oont.a1at.ng three lead. at.oaa tor each 

t.wo building ua1t,•. L1gn1n ••"•r• bave a1ao 'Deen•'• uing 
41Yalen\ tin and copper, and aonoYalent. n1c1u1l. 

a. Ce11be1 (9) \reat,e4 lignin •••bran•• with •it,her a 

lead or aiao ,al\ 1a a oolc»r rea.ot.1011 of 11gn1n which be 41•• 

covered. Cu~•••• made in tbe oboa•n organic plant, and 

aubJeoted \Q the ac\1on ot JaYe1l• fi&tar fer about 11 

t.o el1m1u.t.e eellltlar u.t,erial. Att.er lleiAg waahtd. repeat,-

e411 w1\h or41nar7 wa\er and then 41s\1lled water, ihe prep• 

arat.ioaa were plaeecl in a eloae4 il••• co11t.a.iner un.d.er 

•~~•ou• l•~d aub-aee~aie. The \1a• of au'baers1on var1a4 

wU,h t.h• ib10knaaa ot tb.e cu\, l.4'•14 aours tor t.b.e beat pr•p• 
arat.icru:1•• Tb.e7 ••r• tben we.ab.to w1 \b: d1stlll•4 water. Aft.er 

\b.1• t,reat,men\ lt. waa ••rt.aio \ha\ \tle o•llular •••bra.Eula 

we,·• tapregnat,•4 •1 t,h • lead ooapoa1t.1on •• proven bJ t,reat-

••n\ wit,b •n ••et1o ao14 aolat1oa Qf pot.•••1ua lo414• re-
ault.in, in a 7ellow preo1p1t.at.e ot lead. 1od14•• 

Tb.e praparat.ion• \l:Ula o-.klntd w•r• l•e41at,ely plooe4 
1n a ooTered glaea oon\a1n•r• oontainin1 a •olut.1oa of 

hydrogen ault1d•• and there appeared a blaok preo1p1t.at.• ot 

le11.a nlfio.e, wher••f part reM1n•d ln t.h• ... 1:tran•• while 

part. wa• el1alna\t4 by •a•blag wl\h dia\1llt4 water. The 

eu\e b&Te \o N a1n\a1ae4 1n ib• b:,d,n>a•n au1t14• aolu\loa 

for 10-11 a1n-.,,a. 

It t,o t.h••• pr•parat.1on• a drop of centtntrat.ea •Ulturte 

aotd were a44ed 11 iher• immediately appeare4 on all 1S,..1t1•4 



20. 

f,O r·tlons a at.gnif i-:::ent :red coloration ana1o,;oua t, !.,) t,ha.t. _pro-

du,.;; 0d. 1.>y meuna Qf pb.lur0glucinol and hydrochloric ac1cl.. The 

eulol' n~mained tor a length of ti.me depending upon t.be l1g-

n1f1caticn. lt disappetred little by little, tne •~ll~ or 

t.he cell being l<-'at. The rel..c1t1ou wa.e only pr·oduced by lig• 

n1fied membranes. 

In pl~ce ot le~u $Ub-~cetate, aaturated £olution¥ of 

neu.t.ra.l leail aQet,,.t,,t aud lead nitrate may be u..:ed. 

Ih~ rs.acti<.rn. 't.GAe; p.it.i.ce in throe st..ips: 

l. l"hlrl prolon6e d act.ion of E.. concent ra tecl sclutl,gn 

of les.d. eal ts o.u the &l-'ecimen ( 1i h~ur·& :::lt n;iom 

t.emyerature or halt--a,.:.-b.our vn a water bti.th). 

~. 'l'reat.ment. v:.1 th hydrogen au.11· iae. 

i. Tre~tmen\ with sulfuric acid. 

lf s\ep l is omitted., there are no results exce1)t tl1oae 

probabl_, c.iue to h.yc.irQlffilili:l. lt. is o.tsolut.ely naces.ee.ry to 

carry out. steps in the order sho1;n. Result.s show that tr~~t-

mt::nt w.i tr.. leci.i.U ~ad.ts reH'l.ll ts 1n the fo rma 1,io.n of .1n in.soluble 

com.t'ouno. and ,'.l.ot a .simple imp reina ti en. ·rhi cum1.;v-a.nd i~ 

relQtively &tabla. 

Cn using the stute proceou.re, a. .reci c:olortt 'tion ,.,Gt.a obt.:d ned 

absolutely identical with that obtaine4 ~hen lead was uead. 

Cupric Btilll'a.te ano &al t.s of ra•rcury Al1d barium gave no 

r11sul ts. furthermore the formation of an 1nsoluble aulf'.:L't,e 



ie no~ .n••••~-r,. Zino UJ4ra~e (Z1ng nydroxid•) oan ,e ua..S. 

ii.l'l acc•yt;-.ble trooedu.re !Qllo••, Tlie apectaen 1a t.re&t.• 

ed •itih ~&V6:ll• WQteJ" tgr- p~r1a4fi ~f no\ l(Uljett r;,ilan @a lleur. 

oare tullJ Wci.oli>he4 • Wl4 tit.en plu.QfHl in a lara• il, it.~• lla""•· 

Cine &ra.s of cine ox1cl• e1iupenrlecl in ~v graaa uf wcL1,ar 1• tua 
t.i.a.ueci an~ tUt11 m1xt.1.u·• heaied on a "-at.er oat.b to,· about, ~o ata-
ut.e •• 'Ille s,,,u:1atNia are r .. «.>TeQ., ••~i.l.•4 t.1.n4 pl.c..04H1 1n a 

~at.urat.cd coi-~t.1o~ o! ll.3drQ&in sulf1<!&. .ft!i.er .five ai.but,ea 

ttle spac:1mene are 4Ui0Aly waanecl, plGO@d. on a aJ..id.@ cover 

.~llich nae bEJen aoi•t.•n•a. wU,n. a dr-ap ot ooA,uini.nd,ttcl saltur1e 

acid. A r~d color 1r.i. all \.he li&n1tie4 portion 1 .. 
' ately r._raeo.. 
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l'a• p•r;,c,H ot ,au.a iaYea\ipiien ••• ,. IIM• • 11pia 

r•••• .all ,1a•t.lo trv• wJ.t•t.• li.&n.i.Q b7 r•tlma, it. •i\11 

• aet,alli• Ml_,, t.r,at.iq 1\ w.lt,a ~4roa-a aait.t.4•• oon••---
a.in,. 11i •i.lll • •--••141 •leAlt ema M14iq t.tMJ rea11toua 
proclaot.. 

1. Jll~.lttt-lt hlta\o 11p1n .,.. refluxed at, 1.lle 

b~iliftl po1n\ wi\h· follow1.D1 Rl \es 

%1no 81l1tat.• 

c11prl• 81lltat• 
Lea4 Ae·et.a\e 

&t,antlol&a Chloriae 

•• ttzv:us•a !ll:t&:cit Trtu.,t.!!!Ur: A wat.er euep•n•ion et 
1.ne •lt. t., .. ,.,,., li&n.J.n ••• s~••4 •1 t.b ny4ns•.o n1t14• • 

1. ,f!rt1l1lc•,r1 lolcl\118' To d.•t.era1n• •biob or th• Ml\ 

t.reat.•d 11anln1 na•• \bd baa\ aoldeel predao\ ano. at>aorl'Hld. 

\be leaa\ aao1Ult. of wat.•r• pr•11alntLry r,ana we..-

4. £1n«•n•tM: Th• aalt ~r1ai14 11gntn Wbloh gay• \lat 
4 

'bee\ pro4uct. Sn •1'11ntt a.·\laa ••• \tw•••• Th1 • 



s~lt trea\e<l 11.,;~in a\ \he e,-1 ot hydr~g•n nlt1de 

treatment. (witb,u\ ••tnc lioldecl) waa eona•n•eo. in \llt 

pr•aeno• ot •ot1•• bJAroxt•• w1\h ~b• t•llo•1ng oon4en-
•1ng •sent.a: 

hrt•ral 
ror•lct•hJ.a• 

i. 12ic1111: Th• c~at,na,o 11an1n ••• m1x•« wit,b. 

wood flour and ffhJ14e4. 

6, 1'1•t1sa, Tb.e tollo•1n1 teat.• were ll&clt on aoleleci 

•~aplee: 

rer Ceni wat•r Ab•orptton 

Co111pa.rat1 •• Impaot, Te a\ 

Lltu1&a: Tbe l1p1n t?,aed in tbls 1nveat11at1on was 

sulfate li&n11l obtained a& a by .. produc\ J.n t.n.e sulf(4t,• or 

Kraft pr@ce~• tor JD:t,&ing »•1•r iUlp. I\••• ma.n'Qf'ac\ure4 
in the Obarleston, South Carol1na pl•nt on tbt \?ea\ Vir• 

&in1• yulp ono ~~ver Comp~n, una•r tno tr4de name ot 

•InaalinM, ligntn fr~m pine wood. The l1sn1n used wa• 

t rom lot, 1· ~123. 

H7drosen sult1d4 waa gentrated ~7 
iouring lQ ief ctn\ elilltur1c ati4 ayer 1roo sulfide. 

~at~llli. {Qt; ~l2if!a!lBI. i•at\liit Be•aeo.\ ar•4• 
eodium hydroxide •~e u~e4. 



§!lt• tor Bet~giy with ~lmins Tb• followln1 •U.'• 
were uae4: znso"'.1H40, Pb(Ol:!IOOOJ~.aa2o, cuso4 .IH,}>, 
8n01~.2B2o. All aalt.a wer• reagent sra.4•. 

r,or!!ldepct11 37 per cent. u. 8.P. tormaldehy4• •• 

ueed. as a condeneing agent. 

Furt'},l[!l: Teohntca1 grade turtural waa obtained 

t.he Quaker Oa\e Oompan7, C•dar Rap14e, Iowa. 

fbenoA: 'l'eohn1oa1 grad• phenol •• u•d. 

Para-nl ir,-191A&at: a .. Bent. 1rade p•ai tro-•n111ne 

w1 \n a melling polnt. or 146-1,,•c. ••• u .. , to de\era1n• 

~bo t•ape rat.ur• of t be ••14. 
Wood [lour: 45 mesh weod flour. whten waa almoat 

eo.t,1rel7 white pine, was obtained from tbe Becker, Jloor• 

and Company, Nor\b Tono.wan4a, New York. 

A •ket.oh of t.h• equlpmen\ used in r•flwd.ng, gaae1na, 

and oonc1ana1na t.h• l1p1n 1a ebown 1n fia. 1. 

,Q1a\&111R• lAe9 a94 QgQdtn•tE• A t-hr•• neok, round. 
bott.oud, P1"• a1ua, " lit._•r tUatillina flask -· UHG 

in retlwcina llgn1a wl\b. a1,a, aa•s1na wit.ta 

llydroaen. av.1t1c1e, and 1n re!ltlX1 na t.b• 11an1n. wi t,b. a con-

dtnain& agent.. Tb• eon4ans•r ••• of t.ne 1.ie\,11 t.1P•• 

'i91ifG!fi&9A Mi~i: The mold uae4 wo.s oonet.ract,ed. bf 



Fred. s. Carver, Engineer, ~anutaoturer ot Hydraulic Equip-

me,1t • New York. It was ~. inches in diameter. A picture 

of the mold is shown in Fig.~. 

Hydraulic Press: The hydraulic press used in the 

molding process wa~ manufactur~d by Fred s. Carver, Engineer, 

lvianufa.ct.urer of Hydrs.ulio Equipment• New York. The prees 

had alt inch ram, with the maxl•u~ total pressure on the 

ram being ~o,ooo pounds. A picture ot the press is shown 

in Fig. l!. 

Heat1na; Element {2J' Mold: A 500 watt beating element. 

~as made trom nichrome w1re having a resistance of 1.66 

ohms per toot. 

Eltctrical ResJ,tors: Three 20 ohm fixed resistors 

and one 19.6 ohm variable resistor were uaed to control the 

current and tnere!ore the temperature of the heating element 

of the mold • 

. Hr Stirr•r: A circular piece of galvanized steel was 

cut and bent to form blade• so that an air stream would 

cause it to rotate. This was attached to a glass 1tirrin1 

rod which was used to.agitate solutions and mixtures used 

in th1 s 1nvest1~e. ti on.· 

~mpact .. ,Test1ng Maphin.!,: The impact testing machine 

used wa.& manufactured by the International Equipment Com-

pany, Boston, ?.;ass. The SE:rial number wae No. A5017. 
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E. Method of Procedure 

+"i•f J.W.ini wi t.1:1 ~l t.f: A J.1gnin aaapl• we1pins 60 pa. 
wae p.1.acea 1n a~ lit.er Woulfe flask and iOO cc. of a 10;( 

aal t, solut.1on were added. 'l'he mixt.ure was ajit.a.ted to k~•P 

t,be lignin from ae\.t.ling. .~n electric heat1n!.$ olement. was 

use~ to bring t.he mixture t.o the boiling point. Thia re-

quired approx.imat.ely 15 t; o i;o mi nut ei.. 'l'he mixture was re-

fluxed at ~be boiling point, Wi\h contin~ous aijita\1on. for 

hours. 'l'he a1ixt.ure was tilt.ereo. on a Bu.chner· funnel and 

the precipitate washed w1th liters of ctietilled water. 

Hxar21e9 Sulfide ',\'reatm1nt: The iialt treaieo. lignin 

was placed 1n a Woul.!e flusk and 600 00. of distilled water 

were add.ed. 'l'tle mixtw--e was &ii tat.ea continuously and b.yd-

ro~•n sulf1ae gaa waa passed 1nto it for a period of 15 

m1nt.1tes. dydrogen sull' ldd was generated by pouring 100..liri:5 

cc. of l(¾ sulfuric acid• wnicn he..d been ile&t.ed to c.pprox1-

mr.itely 70°G. • over 3iJ ~ms. of iron sulf:,.,iJe. rhc: li~lin was 

&t,para tea fi·oru t.he mixt·ure bj· filter lns 1 t on a Buchner fun-

nel. The l1gnin was washed with~ liters of distilled water 

and dried in an air drier at room temperaturt tor ~4 hours. 

The h.ydro~en sulfide treatment, was earrl:ld 0ut unc.er a h.ood. 

Pral+minary Mold1Qi.: ·r~13 treated lign1n wa.3 mixed with 

wood flour, the percentage of wuod flour beini ai~n~r ~5 or 
5~. Bot.a tha .• cocl flour und -~::1e :U~in :;were pr1ib@at.cd in 

a 110°c. oven for· a period 01' time varying from l t,o lit.:!· 
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minu\es t.o driTe oft exceee moisture; tb.eref'ora preventiq 

the molded p1to• fro• l>lowing ou\ on the surface. The •14 

was brought, \o a t,e•perature of 11000. • plu• or alnua ap.-

proximately 1o•c. The correot. ttmperaiure waa reached wua 
a. orys\e.l of p-n1t.ro-an111n• ••lt.e4 when plaoed on the t.op 

ot the mold. The melting point o, p-n1~ro-ani11ne 1a 14t• 
14700. Tbe mold was lubricnted w1\b atear1c Acid and \be 

aampl• wae molde4 at, a t,1aperat.ur1 of 11o«>c. tor 3 ain.ut.e• 
under a pressure or 2,000 paig. The ••lt. m1ch ga.Ye tbe 

best, preliminary molded product waa ohoeen and 11gn1n 

tre-.tad with tb.1• eal\ wa2 UNd 1n all abaequent. runa. 

Th• best. prod11e\ wae choaert b1 alaple 1n•pto\1on t.ea\a 

such as appe-t..rano• • •ater &beorpt,1on, and eerat.ch.in& th• 

eurtact w1th the f1ngerna1l•• 
,on.cJm•a111 S&l\ t,reate4 11gn1n waa ooadeneed wi\h 

tro• t to & .ola ot tormaldeh1«•• turt•ral, an4 
of tonnaldeh7d1 a4 turtural. A $0 P• aaaple ot· aalt 

treated 11gn1n w,us ,u.saol••d ln a .,cuum iqd.rQx14e •llll-

t.ivn. Us•llJ ioo oo. ot U ao41-.a• hJliroxitit were •••• 
'· l' 

anti t.b.1a wa.i. dllat.-4 witb tr-om 100 t.o 800 oc. of 

led water. To thia •lutrlon t.he oonden.e1111 a&ent waa ••• 

cle4 •1th con•t,ant ag1t,a\1on. Tbe solution waa haa:t.e4 

w1th aa eleetr1c ~ea\1ng el•ment. From 15 to iO ainutea 

were requlrtd. t.o reaoll t.ne bollina poin't.. The solution 

waa refluxed w1 tb. ocmt.inuou.a aaitatioa tor hour•. lt 
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ihe reainoue prod.uc'I, had no1. preo1p1t.at,ed ·at, the enu of tbe 

oonden&ing period tbe eolu~io~ waa ma.Ge aciQ w1tn b% eul• 

furic aciG, oaus1n1 t,he l1gn1z1 t.o precip1t-a1.e. Tn.e produe\ 

wai> f1l t.ered on a Buchner tu.nnel and washed with d.1st1llecl 

water. lt ~aLJ then dried for ~4 hours 1n un air drier at 

room teu~eratur~. 

llo;bding: 'i'h1 s procedure was ei:uilur t.o th~ t st.~.ted 

u.nuer prdl1m1nary moldini;;. In 4,ome rWl.s froM 5 to lC)f; 

phenol wae ueeu as a plas~1o1zer. 

It:1:;it,ins: All th.a molded dit1oa 'l.U,utd tor teat.1.ng h"d 

appr0x1mat.e J.y the same a1ze a.mt shape. l'he uiamet.er waa 

inchea. 'l'b.e thicknea:;a ot a ain,le disc variecl aa 

as u.08 inch. 'l'ble was clue t.o t.he fact t.lw.t, t.he mold 

used was worn ana there ,,,re large t.oleranoe6 between 

llat1ng parts of the 1110ld. The average thickness ot the 

discs wa~ approximately o.~~ inchaa. 'i'llo weight of the 

discs varied from 19 to ~O gma., the average w~igbt being 

uppraxim~toly 19.6 gm~. 

Water absorption tests were made on the be,$18 ot the 

we13ht of water absorbed in a n<.,ur par1od. ·rne molded 

dieo ,,.as mt1gh•d acourately on an analyt.1oal balance. 

ii. z50 cc. beaker was tilled with distil.led we.t.er and the 

ui~c was oompJ.et.ely submerged in u·.e water. At the end 

ot t,wo i~vu.rs th::.: ciise was taken out. and the aurf o.ae \HS.1,er 

Via.ii wiped. off v.i't.h a dry clot,.u. 'l'he disc was we1ihed again 



,:•i~ ::"; ~· ~.1 _., ;, _.l .. };_::,;-~:j~t~·~ft~ 
ia. 

· •• .,,, anal7\:1•a:l b4f.l•a•• •• f r9,n t.t.• ••1allJ; :p1••• ·,u ,.,, .r:. ·.. ;1 • : ;· ,:, . ,,: ,. . \ ,' 

~•ni ·,water •1'••r).eil dB oalolll&te4. 

· Th• rttJ~,~~ 1Japact· rir~••• ••• ••••ratii.• on -..i U••· 
: ,-; • · .. ,·,; ' '6-_-"'~ . ..,· . ,J ,· • , • 

pact test.1na •1n1nt ~anu.tact.\:,,..,r ~1 t•• 1n,~rll1f.t.1°'i:-~ 
. iqu1p•tat, C~•pan,. 1h• 41•0 waa 1~14 i·1a\ ta .. \h• ";,.~1 

• ' ' < ',, • • ., ·-·'' : •• , • 

bott•• Jitt th• ,.,u,i.~ 11ui1.Ch.1Jl•• . Qn t.be 'lop aurtaee ot 1ia• · 
• . l , 

diat & · ••all •t.••l oy11D4e;r we.£ plaoetl ( t.bA eat ot t.h• · 
_, . ' . 

. etl1n4er. 1n eon\&6t •ll~ \A• •1ao •• r•Utld·•r •b.•p•d 
' • t . . 

like a b.•i•pber•). ··9n ~op •t th• •t•~.iJliQ4•r-·•• a 
,. . ' ' ' ·,., I. ••~ab., wlt.1Qll .oould ~•· raJ.114 t,o'· aq. 4e•.tt•• ;,.iijift. 1l1• 

. ' •. ! .; ••• 

. ••~all\ waa ral ... '• ·• a.lp\ t,t & 11r I·••• •nt ft414'1l1F. 
•·· ' . ' . . ' ; . . ;, . 

drJppe4 C>At,o .\ht •e•lc11tM•r• ftle ·4Pi--• 
. . : ,. " 

was ra1M4 •• 1nQteast4 1n 1n•r•••nt.• •t • ••• a\13. tit.I 
dlao •.as era.eked or ,roken •un t,b• ••1p\ f•ll~ •. ftl• • 

,· '. , ' . ' .• · !, ·,.·, 

. . ' . ' . ' '.''' · .. _. i 

•t•t,&i,e• ot ·tai; ·•• reoor4td and oalltcl t.b.• r•l•,•lft 
pac\ •ttr•act.h •t '1:1-• •••pl• lt•1na , .. , • .._. 

, ·\ 



Tb• exper1••n\al d&w., include \b.e mold1tll ot t.b.• 

\rea\•4 111iQ1ft an4 ttbe t.••~• macl• on \be aol4e4 41•o••. 

&r.la&a kll~d l&Ma !11:&011 111!:&tAI §al kl I Tb• f•1• 
lo•ill& 11•• r'1D•• 1aolu4a4 ln tabla 1, ahewa \b• eftoc\ •t 
••l4lng 11p1a wb1ol:i. baa b••n trr••t.•4 w1\tl a aet.alJ.1o Mlt. 

au a14roa•A -.ltld•• Ta• tov dltter•n, all• uncl ••r• 
a1no e\lltat.•, le&c& •••'•'• • ••;r1c nlf•'-•, ud a\a.nno•• 

•bl•ricl•• Au• 1A an4 ii••• '11• •tfeo\ •I ••r11na \be 
leq\b of \lM t.ha\ J.1anin l• rofluecl wlt.h • •1 \. 

la nub•rlns t.b• mold rllA•• t.bt number betor• the hJJ)han 
lwUoa\ea lb• ...... ,.. ll.gnin t,bat, RC 1.u1•cl and t.h• llllllber 

aft.er \ha tqptt•n iodlo&\ea l.h• nub•r et t.h• Mld l"Wl UCAO 
on i,nat, 11p•o1t1e17 t.reat.ed 11,nln. 

Tb• --,lea ter •bJ.oh no ••t.•r abaorption onarao,er• 
S.al.1•• or r•l•t.lYe lapaoc. at,r•na,11• are 42:r•o were l•p•rteo\ 
a&11pl.•• or ot auon poor q,v.a11\y t.b&IP t.eat.1ni wtu1 ot li.t,t.1• 

or ao val11•~ 
All aol'-4 aampl•• when s,lao•4 in wakt tor t.wo houra 

'b•o•• ao ao.r, an4 (U,at.or\ed t,nat, t.b• p•r c•n\ or watr•r at>-
••t"-4 Ofl\.114 not. be •• ,.rm1n•4· hl4•d d1aoa which Md bffft 

\.reat.•4 w1,1i e1t.ll•r Pl,(OH6tH>0)2 or cuw4 cU.aln\esra\e4 1 .. 

••a1al•11 wn•n plaotd ln n\er. il&apl•• wn1ob ••r• t,re&t.•4 
w1\Ja .1,ur zaG04 or aao11 •r• 4l•t.•r,e4 w;v llllpt.J.1 at1'•r 
be1na l••r••4 ln watter tor t.wo bour•• and et '11••• \•o alt.• 





· lal\ U•4 ta ,, .. 
MelA a.tl•x!Aa \Ile ., ... Ll,nla btlu ••• (u.) 
1 .. , ........ • 
i..a ..... -.o • 
U-1 .... ,..0 • ~· ... , ... o • 
I.A-I •IOt•fllaO •• 
lA-1 ........ 0 •• 
1 ... , .... fll,o • 
U-l •eo..m,o • .. , ft(GlaGIOO)a•llaO • 
a-1 ..... ._ • .. , ........ 0 • 

.. , . ., 
lal\ 

!be IIIM\ •t frea\.1111 MaaiD wi\b. ae\&1Ue 811\a 

•••1A1 
a.nu.1 ... •1•1ne .,.. , •• ,1a1 

, .... , -'·., Pr•-linl a.1a11w .. ,.., 
'WON Lllftin -au 111,.., ,......,.,,.. 

tN&, •• rl•r . ... --lib ••• u. ... ., 110 • Ten , .... , . , .... , (aia.) C 8111•) • ••• ••• 0 - -u.1 a., 0 II • 
10.0 · 10.0 • • -... • •• 10 • -
10.0 10.e . J.O • -
10.0 10.0 I 18 • 
10.0 10.0 l ll .... 
10.0 10.0 l .. .... 
J.O.t 10.0 l 10 a.1 .. , .. ,., .. 
10.0 10.0 l ,. •1•1n-,, ... , .. 
10.0 10.0 ' . ,. ... . 

n .. .......i ~-la el ao14N DiN 
ao1• 

, ... '3.wn .- en .... , ... 
, .. l4na •• ea ... t••• 
poor '1- _, - .,, ... • • 
1•r ••r1 ..,, au ••l~J 

Nra,olMd wit.h tiaaernaJ.1 .. ... •• ,, QI\ ...... ,.,., 
.. ra,otMa4 •J. ,n tlaaenall , .... Mrdalllll-•11 

, .... urc aa• ... o.-
J>Mr ..... ....... , ... ,... •ot&J.4 It• •r•,••• 

w.l\b tlna•Mll ,... •01&.1.4 Dt _,..,ob .. · 
w1t.h f lnarnail , .... .... ...... ,. 



.. .J., ? • !D~ ,I$ :ra,1e • 1no~• \.ht Y&r1o•• 
••1• 1n •niob 11pi.a v&& l.te•t,oa in Nll& I, 6 • 7 • a,~ a. In 

t'AA ,. l1"41;i -· 11,Ql,\J.-,t'1 w1Wlwt\t.. 1,q1il..i t.r,;;.t.t.~<1 a\ ~ll. ln 

ru.r. 6, 11~:t.111 ua tiroat.e4 ~,11.u "''-~m.oiu cbl.ur..i.aa r-.JJJ.;,. i..11.rd,a 

1i1u.;,,. "ro3.t..c1J .,.U,.l hJt!·l)~Q .,~l i' l'il• i,;nl.:t l.u •·~i1.1 1. ;a r.11l :.l 

l!-i,2.l.;.1• ,w.4 t..rt•t.~11 ",U,1i at,iU'tniiHld Qbl<,.1~1~• lollo..,11,4 b:l !.tt)b\• 

r:a@nt. •l.'4-i. ~,"4t'fJii)1UA a:u!14~. 

th; re~ul tttt or mol4ina ao.mple• ot riU\a 5 • 6, 'I, : .. md a 

t..ro ¥:LlOHtl iu. :r,,~t,;lfl a .. 
1'Abl• 11 "hc~a t1f'i,1$:1c• ~f ¢11 r~o\..iilt\ llot.•t,;:;n l.t_.n1A AQ4 

1it"nno1,u. t11ti\1.r .. ~G ~L;,,.i1l.:ui,1 1n i.~w:.. J. a.u; p!'Jt tl;;tOt. 

mol,,t.ur• ln ;.u,r, 01'4i,l¾~l J.ian,t,:1 •ita f,.h~ si'vftftA\iU(i ~lt;i,r.\,d:Ji 

\.:.,tit.~'- l:\.ttt1.!u. -ca:i d~t-iJi·~intc.1 and !'1·.:,a z.b.1~ l.tii. Jr; ~ai~~•·:.a 

••. .,",. tlH!tl'tl '11Jll<:'q.lf11\t~A.. l'!Ht p~;:• Ount. filih w \U., un,r.--.t.,4 
~n ... 1.i~;-m,<,;.a.4 chlt.u,"1'1• t,i·at.1!.~i.l 1.i&nia iJi.l.B .J.ut.iJt"airiu.:t o.n,;i ro-

-'tllt.• ,u·,11 \F.l;nu.~~~J 111 J:<l.blt$ •• 



Wgt.. - ot 
••• Lignin 

(pa.) 

5 60 

6 60 , 60 

• ao 

Table a 

Liana Treat.ea wit.h snc18 only; a2 s oru7, anc18 and H,2 s, 

and Lian.in lfot Treat.e4 aft All 

Time Salt. uae4 All ount. Conoentrat.ion T1a-e ot 
1n ot Sa.lt. of Salt. or Bas Befluxin& Solution Solution Reflu Treatment. 

Lipln (co.) (br.) 

none none une 0 0 
SDC12.a2o 500 lC\C 

2 0 SnCl2 
non• noae n~ 0 15 

SnCla•IBaO 500 l°' 2 15 SnClz 



Table I 

aeldlna and Teat.inc of Buna It 6, f, alld 8 

Jleldlq Teat.lq 

T1M of Tia• ., Tille Belat.iTe Wat.er Flow AppMl"&Me ot 
llol4 .. , .. , .. , .. , Preoeat.1aa Pr•b•\1na •t Iapao\ Ala•rpt.1• 1a 11o1,e4 Dl N - rr •• , .. - .... Li~ Wood PJo•r aoldlq .,....,aa I llr. ••1• ... L1&fl11l ,1 .... ., 110 c. a\ 110 c. Teat. 

(pa.) (pa.) (ala.) (ala.) (ala.) (•8•) i 
1-1 11 I & • $ - - ,..,. 8'-e•k \o aeU 

. , 
5.a 16 I & a 1 - - ' - ,. ... ,1 ...... 

·-• 11 • 0 • I - ,..r •1 ..... , -
·.5-4 16 • l • - 5 - PHI" •1·- ·--
1-1 15 • a • 5 ao ,.a peer bar4 and 811N\b 

6-1 11 I a • I 10 1.9 
, .... bard and aaoe\h 

,-1 15 5 s a I 1-1 10.t pMr ll&rd and aaoo\b 

a-1 16 5 a • 6 10 1.8 , .. r bar4 •~. allH\11 

• All ot t.be 41•• Hr• aol4a4 a\. a l.eaperat..ve of llO o. and a preaaun et 
1,000 •~'-· 



.,.,1 ... 
IYl••-· of s ••• ,1 •••• , •••• LJ.pla 

au ••ma••• Clllorlo 
la Ra. 

••'• ot treale4 and u.,raa\ed Llp1n 
(4r, ••le) 

••'• •t or1alul 1lpio •••••••••·••••••••••••• 
••'• et aac11 t.r•at.•411p111 •••••••••••••••••• 
.. ,. 1a •• , ••••••••••••••••••••••••••••••••••• 

Gal.a la••'• •••••••••"•••••••••••••••••••••••• 

P•r Ctai A& ~•\•ra1ftli\1oa ca 
frea\e4 an4 Uat.raa\ed Llsn1n 

A.a la orl1lnal lS.p,ln •••••••••••••••••••••••• 
A.a in aac11 t.reat.e41lsn1a ••••••••••••••••••• 

., ....... . 
,i.ooo ... . 
11.141 ... . 

···-



, , ... 

fJlil1. ,lat\M W••· ,i1at•1at..1&\II EU:IIUIUU• aw 
•• 10At l.Olt J.GC, au 11 •bO• t.be •It••' •t oend•ut.n, IIIOl • INa\M 11.-.la 111\b •1 IU• (a Ml), U IU• (1 Nl) 1 aat 
164 -• (• •1•> •I If ,-r oea, lonal..,..•• fa.NI I--•• 
\:Ile ••l\itu .,.., .au.,a ,,.. 14,nia •• ••••"• Ja ta'1e 
I t,u· ·•i•aa ••ulUou Mid t,a• rtau,a et "••t.1111 are '-• 
l•W•• 

~t._\u .. , •t \be ooeuna1na per1o4 ln rat ao r••la 
llad pr•cif.l\at.•41 ao 'h• •1•t.1on •• Mde at14 •IV& IJ: 
laiO•• In hfl lOA t.&le ...... preo&plkM4 tr• IA• .. 1.,1 ••• 
••• a\ t.b• •t1tt •t ,._ ••n4•n•lna per.Loo'"'• ao1u.,1on •• 
., ••• ,, ,. h -· \bal all, •• J.11,Qia_aati pr••lpt.'6,••· 
S. aub MlJ.4 -· pnaolpt.kt.•• in t.h• IOU ••• ot eolllliieQ 

\t.t.&t. l\ ••- ••rJ 'flM•• and u.r4 \o_•t.1r. ln ru 109 
a\ 'l,b• tMta.\noloa of U&.• ••n-•n•1oa par1a 100 ••• of •t•r 
Nr• a44e4 M t.ll• IOO Mt. •t l'&CII Nlat.lon M t,ut. 

••l11t,1011 weuld ao, '"°"• YlNOua al\4 bard t,o •Ur aben t.aa 

r••l• pr .. J.p&taw•• •• ••t• •• addd •• Ill• •u et t.h• 
......... 1 .. ,.,.,... J.a ru lOC lt, -· cu ... , ..... \bat. ..,._, 

IOO ••• •t l,C Bao.I Nr• •••-17 M 411.•olv• \ae 11fla1A 
wtuta iOO ••• of •ur ••r• a44•4• ftl• ra •• at.•pped 
1••4lat.el7 .,, ... MaA- r••la 1r•o1p1kt.o4. B•••••r V.• 

al.lct.v• •• aJ.••• @Olleld&l 1a aa\v• an4 •• 1-,oaailtle 
lo fil'4tr• TU •iXW• •• d.r1M wlt.btl•\ 111\Wlna• la 
ru 11, ••••••lfti &pin••• 1arr1,c1 ••' tor I b-,•• 



Tal>l• I 

• ,,. ,t AIIOUD.\ Amount. .. , . ot T1ae Aaout, 
l\1&D. lnOla •t ., ., I~ •t of 
No. treat,•4 liaOII wat.•r JICHO Bellwc -Ha•, Lignin aolu.t.1on 44d.•4 Added 

(graa.) <••·> (oc.) (pa.) (min.) (oc.) 

' 10 aoo 0 ,1 120 tJQ\11 aol4 
t.o 11\aua 

lOA 10 IOO 0 12 110 00 

101 10 IQ() &00 81 180 0 

100 10 100 500 ea ,o 0 

11 60 aoo aoo 1,, 110 0 

Not.•: 1ft all run.a in t.able I, SQC12 \reat,•4 11pla ••• 
prepa.re4 b7 retlwd.111 &O pa. of l1gn1n wiill 100 
••• Gf 1°' anc18 tor a· hour• toll•••• by \reaimem 
w1\h s1 a tor 16 as.a.. 



•&'· ., ..... , 
.. 1, 811Cla .... - freat,M ,i. ... ... L1&n1A 

(pa.) (gma. ) 

9-l 10 • .... 16 • ... 16 • 
lW.-1 11 • -
1oa-1 18 0 

lOII-& - 11 6 

lOC-1 11 I 

11-1 1S I 

••Utea .... T••las 11111C18 ,,..., .. u .. 111 
. CMda•••tt.lar.....i .. ,. 

••14111& .. ., 

•• et Tia• ot Ti•• -96 ,,... 84tlat.1w 
fMMl PNll..-llll& JINM&t.lac ., Ja,ul 

LI~ .... 1':."' hl.41 .. ....... 
at. lo. at.- l • 

(pa.} .,.111..) (atn.) (atn.) , ... , 
• 1 1 a -. . 

l l · 1 I ao 
0 l 1 a 11 . 
0 ·1 1 I 1, 

• l 0 I -
0 1 l a .. 
0 1 l 3 18 
0 1 - l a 11 

.. ,. ; All \.he 41- ••n •lda4 al a ~.,..._.,.. ot illlfc. _. a pre...,.. 
et a.ooo pela. · 

, ...... 
~•r n. Ap .......... ., 

&UUpllea la Jlo14N J)l .. ..... ..w 
"t" -

wry pll•nol ... M 
. - ..... "'· .v1 ... 

I ... ,. p)lez»l OD 
' ·• . .... , ..... , ... ··-·-- .,..,., •- •• ..,..,obe4 .,...,., .. . ... wit.b flnc•l'M11 -

u.1 very IIU"P.08 N.O ...-a,oha4 
· poor •11.1:l f iuel'Aa.l J. -••rs phaDOl oa aurfao•• - - "°'" ,e&Aill' brolttc ··-•-- ••r:1 ...-r•••.,.. •OJ"at.~ ~~,-- .., .... ·•lib fillild•11 ., ... ·••r.r •naoe •• •rat.ob•• .......... o•r ai Ui_ fl.Aaal"ftll 11 ...... _ .. ., eutt ... au Mr&lohe4 "'"'' .. poor •l i.a. t 1Dilel"tla11 



IR9Aa n:tt,\14 ~&&Dia 9Mua11• 11\A I llllM[I tt 
llEB•dlUM 114 ,tu:tJlrMi Rua l&, 11, a.n4 1, ••• \M 

•tteot •t ou4enalna ill&Cla vea\•4 11&.Aln wl\b a mia\v• 
of ,1 P•• (a ••l) •t a1i t•raaldeb7d• and ,a••• (t aol), 
t6 P•• (1 •l>, an4 1'4 P•• (li .. 1) of tvhral. 
fable? abow• ,be ooa41\lon• W'.Mler •nloh \be l1p1n ... 
oon4en••4. re.bl• I mo•• 'b• eornU ,1ona uru:ler Wllloh 

run• ••r• ••• &rul abow• t.n• r•Slillt.• of \eat,1na \he ulde4 

·1••·· 
A\ \b.e •nd oft.he oon4•u1na p•rlt4 1n r,an 1a. no 

realn bacl ;,ret1p1'41•4a ao t.be eolta,100 n• a&d• ao1c1 w1\b 

.a1w4• la rue 11 and 1, t.b• r••1n J>rtolp1\aut tvlna 

\he oon4•n•1na period and n• ao14 wa• adcht<&. th• 004•0-

1&\lon preduot. ot nn 14 ••• auu7 and had \ob• air cb"1•4 

for 10 day• l>efor• 1\ ofNld bo ••14ed. 



Run 
Bo. 

12 

lS 
1, 

Wgt. of 
SnCl2 

Treated 
Lignin 
(pa.) 

50 

10 

50 

table 7 

SnC12 Treated Lignin Condensed with a Mixture ot 

ForMlclehyd.e and J'urtural 

Amount. Amount Wgt.. ot Wgt. of 
ot 5' of 3~ h.rfural 

Tiae 
of 

JfaOH Water BCHO B.etll&Xing 
Solut.1on Added 

(oe.) (cc.) (grna.) (pa.) (hr.) 
200 400 ,1 48 & 

200 400 41 96 a 
200 400 41 1,, a 

Amount. 
ot 

5!( l¼S04 

(co.) 

71 

0 

0 

ln all runa int.able?, SnCla \reat.ed 11gn1n •a• prepared b7 retluxtng 
60 gaa. of l1gn1n wt t.b 500 ec. of 10.C SDCla tor 2 hour a followed by t.reat-
aent w lt.h a2 a for 15 minut.ea. 



J 

.. ,. et .. , .. , 
1r'::L .... - ,1...-

••• 1.1aa1a 
( .... , (pa.) 

1a-1 11 I 

lS-1 11 6 

lt-1 11 I 

Table 8 

Moldlq and Teat,lQ& 811.Cla TrH\e4 L1pln C.nd.ea•• •1Ua a 
l at roral dell.,.• and hrhral 

Molcll• 

Tia et Ti .. et Tl• : .. 1a,1 .... ., ... rr.1aea,1ac Prea.a,1aa el Iapae\ .. ....,, .. 
L1~ woe, n .... 8'Nna\ll a 11.r. 

a.t. 11 • at, 110-C. , ..... ) . . f'ul 
(ala.) (ala.) (at.a.) ' • • I .• a, u.a 

a ' I at a,., 
' .. 

a . • a 17 .... 
Jlet,ea All \he cUaca we.-. at. a t.eap .... \are . et · 1ao•o. and a preu..-. · et 

a.ooo pata. 

, .. ,. 
r1n 
la ••1• 
,..,. 
, .... 
p.or 

Apr...,--• et 
•• 4•· »1 .. 

barcl and •••t.Ja 
lt.&rd and .... ,b 

bar4 and aaooUl 

.. 
GI • 



••• tr,11,, L&&in Ir:•111c1 u.,, r1rt1a:•A 1 .... 11. 
li, 17, 18, li, and. &0 •now \he •tfeet. of oon4tna1na al\ 

\rea\e4 llan,ln wlt.b turtv•l• Tattle tan••• t.n• oon41t.1oaa 
un4er wb1ob \be 11p1n ••• oond•a••4• fabl• 10 ahowa \he 

••ncu,1ona un4er whS.eb m<ll4 ran• ••r• ••• and abowe t.h• 
reaulta ot \eat.in& t.he •ol4e<.i ·uaoa. 

ln ru 1&, ,a pa.<• aol) of tvtural ••r• •••d and 

t,he praeiplt.a\e ••• a f1ne bro•n prec1p1t.at.e. In run• 1n 

wbiob 96 1••• (l aol) ot tl.lrtv•l ••r• used, l.h• ad.411.ion 
or aold cauee4 a \bJ.cle blaok aynp t.o be tor••d wnleb har4--

•u•fl rap1cl1J e.n exponr• t,o &1r. ln rQn .iO • 111 P•• 
(I ot hrtural ••r• uaed and \he vrod~c\ preo1p1\a\e4 
111 t.n• aoid ••• a \h1ok blaoa •JTap wn1oh att,er four •••k• 
bad no\ b&rd•n•d enough \e be Hlded. Tb• reain waa no\ 

preo1p.it.aiea 1n an,y ot \h••• rwia W'lt,11 att.•r t.n• ao14 

wae adcied. 

la run 17 \ht oono•n\ra\1on ot N&OH •~• •••a ••ak•r 
\baa t,ba\ uae4 ln nms 16 1 18, an.a 19. (In a.llt.b••• rune 

96 pa. {1 aol) of turtural ••• 11••'-•) Th• r••1'-• ot 

\b.••• run• ai-e an••n in Tabl• 10. 
f"fw•u• 11 and li ••r• oondenH<l \lbeler t..he ..... oonc11 \ion• 

lnat, ~ci.2 ireat.ed 11gn1n wae uae4 1n rl&A 11 and zaoo4 

t.rea.t.ed 11sn1n •a• ua•d 1n run li. 'l"b• reault.• of' t.b••• 
run• are anown 1n Table 10. 



Table 9 

salt Treated L1gn1n Condensed with Furtural 

Wgt. of Wgt.. of Amount. Aaout. Wgt.. ot Time Amount. 
Run BnCla ZnSOf of 5' ot hrfural of ot 
Ito. Treated Trea eel JlaOB Wat.er aetluxina 6~ B2S04 

.t.1gn1n Lignin Solution Adde4 
(pa.) (gu.) (cc.) (co.) (&••·) (hr.) (oo.) 

15 50 0 200 ,oo 48 2 115 

16 10 0 200 ,oo 96 2 ·200 

l? 50 0 150 850 96 2 105 

18 50 0 200 400 96 2 143 

19 0 50 200 400 96 2 125 

20 50 0 200 400 - 192 "I 200 

Bot.e: ID all runa 1n t.able 9, the aalt. t.reat.ed 11p1n waa prepared by 
refluina 60 gaa. of 11gn1n wit.h 500 cc. ot lOj alt. aolut.ion tor 
2 boura followed by t.reat.men1. wi\b Has tor U almlt.••• 



••1•&111· , •• u .. 
/, .. , . ., . ,, .. , ,,_., tlM et flM a.1.,1 .. : .. , ... no. ..... , ........ ., 

••W . w, . ... .... 'lac PNbM\laa ., 111,,.., •-•rpti.lea la a.i.c 1>1• 
Jiu ,, .. , .. ,1 .... 1.l~ • ... ,1 .. ..1., .. &t-r•nalll I U'• ••M 
••• Lipi& • , 11 o • ., 110 c • , .. , , .... , , .... ) (a.la.) ,.,. .. , <••·> ' 1.1-J. ll I l 1 I - • .... -.i .... , 

' 
11-8 11 I • I • I - • .... ~-- .... 
11-1 11 I I , I I .. 11.1 .... ........ _, .. 
lt-1 II • I • I • • .... ,1 .... , 

1a-1 11 • ' • I • - .... ,1 ..... 

:1 .. , .11 • • • I ""' • . ... , 1-l.Mn .. , 

1, ... 11 I • • I 11 ••• .... '1•• •• , ,,., 11 I • • I ao 11.1 &Nd .. ,.., --· 
11-1 11 • I • I • • . ... a.i ••• , 

ll•I 11 I 11 ll I 11 " 11.1 '"' ................ 
ia-1 .11.1 , ... 0 • -,p ••• • •• o .... b&N u• •eo\111 

lt-1 11 I • • lUl\ll 11 1.a ... bar• and ... o\11. .aal 



Qwa,i.tllta ., I1111a, U111lr\11 1n ,.,1. 11 \h• 

t.••t.ln& reault,a ot ,ii. b•a\ ••lueci 41M 1tl -..;11 nr1 &r• 

t,a'bula ,.c. 

Oil W ili! WRJ.ss Flo• ln t,u.e mwlG 1& 11l.u.et.r-.t.ad 

in f'i&• •. aaa,1e ;. ••• oon4•n••" •1 tih toru.1c:.a1"-t uii 
exnib1\tG 11\\l• •r no tl•• in \h• MlQ. Th• ark.,.,. 
ol rea1n 414 tl~w au4 co'f•u· t.b• wh.1 t.e wood flour. 

"oo'1 tlo• •• •.;d11-.1 L•ci \;1 a.aai1~ D 'llb.1o.b. •• oon.donli•~ 

w.U,h tw.rfura,l • tb• ,.11n flt;,wed QQQ OQY$l"04 \.~ WOOG !~o•r 
&i • bMJ t.n• 11014eei pl••• a u:1.ltora bltit.Gk oolor. \ 



oo. 

Table 11 

Comp1lat.ion of Teat.ins Realt,• 

Mold Flow 1A Per Cent. Rela\iv• 
Bun the kter Impact, 
No. I.old Abaorpt.1on 8'reng1,b 

i br ...... , ( 

lA•T poor * 21 
11-1 poor * 22 
a-1 poor 41•1nt.earat,e4 10 
1-1 poor d1s1n\egrat.ecl 18 •-1 peor * 11 
5-5 poor 1. $ ao 
6-1 poor 5.t \ 10 
1-1 poor 10., 1, 
8•1 poor 1.e 10 ,_, yery poor d1a1ntegrat.ed. lli 

lOA•l very poor 15.l. lT 
108-2 Tery poor 41•1nt.earat.e4 21 
100-1 Yer"¥ poor 41a1nt.egrat,e4 18 
11-1 very poor di a1nt egra te4 11 
12-1 poor 62.8 27 
11-1 poor 11., 29 
14-1 poor a., 17 
11-a good 15.5 22 1, .... goocl 6.2 15 
11-1 goo4 21.1 ao 
18-1 good ,.o 11 
19-1 good 1.8 15 ao Not. Molded 

* Alt.bough tb.eae aamplea d14 not. diaint.egrat.e, \hey 
were ao d1at.orte4 and aott. at t.he end ot t.he 2 hour 
wat.er abaorpt.1on t.eat. t.bat t.be per ••nt wat,er 
abaorbed could not be determined. 



• 

A 

Fig. 4 

CGmparison of Flow in the Mold 

B 



ic~WA 1£M\l'.I ulW'A ilEl.tll il.\t.41 J..••4 

~o•t..•tr• ,raat,ed li;n1n and o"pr1o a\.llfat,e iteat.ed ll."'1in 

weru mo. ~@t,;, ill t.h ll t. t.l• ot ,l~ • ..i~ CiHH,. ;;J.t::c e: molda<.,. t1?i'lffi 

lh•-.• ult. \r--u.t.•d l.lt&ni,1• ••r• •••lly a.rQ.1.•n 1Mui l,1).•1r 

au.r t-.c61a 001..1'1 be aor.11.otu•~ w1 ~a. ~u, linger na..J.l. it.er. 
pl.aoo<l 1A -.t,ar t,u.a., tall. •1ar·1. er 41a1A&,•_,n .. 1.o4 1.IU41• 

a.tcl.7 • 

.;;;.t..illl1.0U.a •hlorige irei.t.•" l11Ain i:i.r.,Q ainc u\llt1'lt.e 

,,.,~ t,.,,d J.i .. nin 1i11er• aiolu•d •i \. h aonhw 1;,t.1.Qo• aa. l.nGt'1taa1na 

\b.• t.J.ze t,b.At, l1..n1n ••• r•tlux4a4 w:i.t.ll a1no Rltu.t.e d14 

AQt. improv• &.h• aol41n4' onaraot,e,·1a1'1oa a.uJ• Tba r-al-.tr1v• 

1rap.ot. at.reqt,ba ot a\Qnrioua •hl•rid• •nd &ino .\ll.t•t.• 
\r••~•4 11an1n ••r• approx1aa\•l1 \he•••• HoNYer 

a\annou• obl•rJ.d• t.r•a\tt4 11p1n waa be\c,•r in ~h• ._,..,. 

abaorpt.ion ieat. \ban alno w.lt~\• \reat.•d. l11n1ti. U•r•aft..ar 

•knnQ11a onlor1d.e t.rea\•cl 11,nln will b• l"•t•a·r•d t.o aa 

at.&nnou• 11,n1n. 

IM 11,111 ., XWl&M .,.,a Hi•h mg.,1 vAAx, ,Hai wu.z, 
yg 4Cl1 IDi Bisi Li~n1n •h1Gh •• t,raa~~d w1,b sncla 
tollo••4 07 t.r••t.••rU, w.U,h u'-'a b&4 )wt, t.•r aattar atacu:pt,S.,;;,,.1 
obtf.rAot.eria\1oa lih&A 11t&A1n t.rtat.tc:i w1 t.b ~'\Cl~ on.11 1 ll&nin 

1tr1H1t.eci w.U,h Has ool.1, or l1an1n not, t,reat.e<i a\ .::t.11. 

do·••Y•r ttu• r•la\lv• lap:aet, at.r•nst.h ot 11,111n which •"'• 



Mlltl').11 1i&u&q iiUl!Dll4 WUti litmtlS\1hz'ltt flolft4 

cUeca ma4• tro• aia.•o•• 111nS.n oanoenMct w1t.h tormald .. 
ta.yd• bad vary pooi· flow 1n thc, mold• Tbo wood tlo\U" •• 

not, covered and eoUld 'b• r~bbed er aor~tcllod ott ot t.b• 
•urtao• ot t..h.• 1ac>l4t4 '11M ~1\b. t.ho t1naer na.111;. Tb• -.,er 
ao .. rption otaart.o\erl~\lo~ ~or• ••r1 t».4~ Th•r• was only 
ono run ln vb1eb t•..,..\•,-4• waa uead \hat di,I not, 41•,.._ 
l•ir•'• w"o.tn p,._..tl Sn wa\et-. No txplana\1oa 1• 9tter•d 

1.0 t,@ why on• 4110 dld r,o\ 41•1.nt•ar~\• ,_wb11• a11 ot.n.er• 
di.cl. th• r•la\1'ft 1zp&C\ .,r.1111.ha •t \u1• ••pl•• ..... 
a, 1000 •• \h• •••r&&• of otb•r· aa•11••• 

a,oa..aa W1A1& PilMam w''-"' .• 1,a1.r• ,, 
llri1 uf&.06[(1£1l: ru •110nt. ;;t tor•l«•b7cle •••d r••:luct 
eonat.an\ a\• ••l wbll.e •• J., u41• 1101• of t\\rtura1 ••r• 
••••• TM ,.r oea.t. •t a\•r al)aorlHtd ••••••a"4 •• t.be 
aaount. •t ftt.rflu·a1 "'-• lnorea.se4. Tb• urc••t ot 
hrfval 1tba.t, 1otl14 M llNd •• la ••1•• Ill• 1'b.1• aaoun\ 
•• u•e4 ,ne pr•4uo\ wa• &\Ulll1 and bei.d \o be tlrl•d tor 
10 uaya b•t~r-. 1t, •oul.d. be co.td.od. Tb• hlsb.••' r•lci\1•• 

l•pao\ evena\b. ot any ,am¥ 1• tn tthl 8 1n'f-,tt.lga\1on •• 

ohw.1n•4 ••• i aoi ot hrt'fll"Al w•• u•••• Ro••••r th• 
rol.at.1v• 1m;i:i.ct, lflt.f'Gn,tih dr•FP•4 ott wh•n la •1• ot turtt.lral 
wer• \1Ul4td• 

11,1 1£.111111 LAula Sclll4•a11t D\a OU:tu:ti, at.a••• 



obleri4• 111nS.n ••• oonclfH1M4 w1\h t col, l ••1, •• a ••1• 

et turtural. fl.le b•• wat,•r •••rp\lon •• obtained whera 1 
•-1 •f tvtval ••• uae4. How•••r ine rela\lY• iapao\ 

at.nnat.b -· .... , •ll• -.nl7 • ••1 ••• UM4. \lben '" •1• 
of turt•ral nr• 11ee4 t.be p,,.dtlot. •• • 11:llok •.rnp whiell 

aft.•r tov •••k a bacl not- ctr1e4 enap t.o be aol4e4. Ia oae 
ro (l'\UI 17) • Yer;, 411\lt.• ·••lu,1on ot kOli •• a•• ln t.ll• 
oonclaain~ pert oiil. How•T•r \ be re wlt,a ••r• • t. a• 1N4 as 

wnen hl&ll•r o•ru.•nt.ra\1ona of NaOB ••r• a44e4. Kl&h•r •a-
••nt.n\J.oa1 ot »aOH pro babl.J ••• a bet, i.er oaWya\ tor t,b• 

r•otw1oa. 

Ar•••••• ••ln& atno nlt•'• \r•i•• ltanta ia-
at.ead ot a'8anw• llanir.. Ckrmoue eblerlt• ,,. .. ,,, 111• 
ain &a'f• \be b••t. r• a&l w mum nc eocdenaJ.na apnt. •• •11141 

n•••••r• alae aultat.a \nat.e4 11an1c 1••• tth• beet- rec1,a 
wllen. furtt&Nl •• u•ed •• a oon4en•1ns -.•nt.. 

Zlll Hll 118' Wad ,. I eitl\llllK I Pllcmol .... ••d •• 

a plaat.1e1ur b\ll ba4 tio b• cl1 .. ar4N dwa \o blMdina. DUr-

ina t.he plMNlol Mllia4 and •• foroet.l t,o fJhe au.rt••• 
"' itw M.14•4 41H• 'lb.eG t.b.e cuao 0001'4 crr•ti•l• .r paenol 
••• let\ on t.h• nrt•••• Slnoe ptM,n•l oan Mu•• akin 11:ri• 
t,at.1on .t.t. woul4 not. 1-e praot,ioabl• \o b&Te or1•t.ala ot .t.t. oa 

\ll• aurt••• ot • pl&a\io. 

DI Ill l,t ,11111 Et.ti£ 11 I [iil:IE• D• lo,( •eel tlov 
••••••la lb• pr•liainar1 Nldi111 ot tn• lo•r CU.ff••• 



l&li t.reai•4 11&n1na \he •at.er abNrpt.1wi ••• •• great. ,., 
,n. ,.r oen\ ot ... , ....... ,,.d GOlll4 AOL b• ,., .... iu,. 
AUAO\l8 obl•ricl• , .... , •• 11pln aoldM •1\b oa1, * ... , 
tlov •••rb•4 •A11 • ...i.1 aMunt. ot wat.•r• M•••••r t.b• 
relat.1•• •v•aat.h ••• lo••r.4• ln aeeral 1n •••t. 
,.... •4• 11 Ra no,loa.t \hat, •• \he wat.•r &l»Nrp\loa •bar• 
••t.•rlatloa laprov•4 t.he r•lat.J.•• l•p•t, a\.rtttli\b ,,..., ....... 

ltllMIDil~HDI 

atrtallll MIi IUR1£1\itt ., ,11, w&ts••W.tn 1111-·it• ,l&UIEI' In \bla ln•••t.lpt.lon t,ha oonc&...,,1on 
aot,1oft ••• carried ou\ a\ 100°c. In fut.ure t••'• 1\ l.a 

•'IA.ll•et.•4 t,bAI. t.ll• oono.ua,1on reaot.1on be •rr1•d. ov., 111 

u a11t.ool••• • t.aa, tdl• ,.,.,.., \&re •1 " 1n•r••.._ 
&a111a!e£di• 1, \bt 114&!11 Udm&41 Mlnlu1 Tb• 

b1gh••' •onoaa,n.\1en of HaOH llNCl 1n \be oondena1n1 p•rlod 

1n \hla in1'ea\1&at.ion •• a,c. In t,u t11.t.lll"• lt. •"14 be 

4•a1rab1e t.o a\114¥ tb• etteot, of ualna higher oon1en\ra• 
iiona et NaOH. 

t\1111111 al( ,HIJI ,IMSEIM,I "RIil• In t.be tu\w-• 1\ wo\114 
" •••lrable t.o ,. .. llanln •upl•• la.ra•r t.ban 60 a••• tor 
retluJ.na and oondena1ns. lt, 1• deairabl• t,o bov• a larae 
unn\ of pro4uoi •• \ba\ nwatro•• aapl•• •an be •14•4 
u4 11••4 , ... .... ,,. ... 



iaaMMMI& .Al!Bll' 1n tut.we , •• ,. •on4•Dll1Q& ., •• ,. 

o\b•r \ban f•,..1abJ4• an4 ru.rtval-, be u••• ror.,.. 
up1t, J>OlfO&POQ11c e.o14a ar• aeoct ooncl••n& •a•nti•• 

tlia&tEI ,tet 1114111• fb• only f11lor u1e4 in ae14lftl 
I.A t,bie i.nv••t..1pt.1on ••• woo4 flour. l\ woul.4 t.Ht cle&t.ra•l• 

la tut.1&re \eat.a t,o •• til.1•• aeh •• &l••• t1be.r • oe\lon 
o1e\h1 .a4 •••••"o•• 

il!WllEI I( kat ail iu..11&•• It. ••ulu b• 4••1ra'1• 
in fll\V• '••u t,o at.041 ih• ob.•J.a,r1 ot t,u reaot.loa be-

t.•••a 1lp1n ancl a 1111&1110 eal\ .. 11 •• alno aultat.e or 
•t.&DAOua oblor1de. 

Itt!tlni ,a. frwd• 1\ 1• •ua••t-•d \bat. la \be 

tu\ur• a\ltf1o1eot. 4uan\lt,7 of t.n• prQ4uot, be ••nt. ,o a 
J.aborat-ory tqll&J.p,-4 t.o •• aooun.\t 110141ng and. \••t,1ng ot 

plaat,1••• 

•• ,.,m Ja..lr&t .lltlt.lM.it.11•&111 In f•t.•r• 
\ee\e 1t woul.4 be dealrabl• \o 4•\•nnlM aooura\ely \ba hllb• 
••1' per cent. of ao1a\ure t.ht.\ could. be loft, 1a t.h• aol41ng 

eoa;pound. a1'l4 at.111 not. o,n,a t.h• aolcl•d pl••• t.o ltlow ou1. 

'lh• ••ap•11n4 aboald b• v1e4 t.o \b.1• ••1•1.v• o .. 
t.en\ at, r•• \•perat.ure. Dry1ng la • loe>°C. ••• •1 •••• 

preaat,ure ••t.t.J.aa -, of t.b• plaat.101 and t.ber•for• •••re&N 
tlo• 1n line aol4 a.no. ot.b•r p1aat,1o propert.1•• ot \h• Nldlna 



·tta1n\atl ., CpDflQM\lta .IIAl!tlta• Wl\.b. 1.b• .,u,-
Mllt. t.b.at. ••• ONcl • \he ••••a.aat.ioa r•aet.1on u.4 \e be 

•arr.t.•4 out. at, at.uapb•r1• pr• .. -.re. fb•r•t•r• ,b.e Mllptl'• 

at.are ot Wl• oon4_..t.lon react.1oa •••ld not, tt• 

ra1•-4 •••• 100°0. 
llll llllklt ti IIUU IAMI 4!MllJIAI, (1£ t11t.&a1 Th• 

7le14 fNII t.be ooncleua,1on. reaot,lon •• approuu\el7 10 or · 

60 IU• Onl7 t.au·•• or t•r aold-4 41•• oo\lld I>• •••• tr• 
t.hl• •out. of pr"4uot. and ••cl tor t.ea\1111• 

J:111&9~.,\M ll&Sllt P&1111 A It J.noh 41uet.er 41• 
.,, .. ..,. ... ,.1, t laeb t, JU.Ok •• 1 , M ., • and .. ,. of t.be 

,, ••• \hat. OCHlld be •14e4 la t.b• H1d \bat. -· &Y&i.la,i.. 

Makin& t.enall• nrtn1\b \ea1.a and. o'iber' t.••'-• ••orc11aa '• 
Aitll et,aQdar4e t.ba\ abOllld be ••• on plaat.1o• require 

pl•••• of •P••lal el•• and .._,••• 

fiu!rltllK• :tt, ••• ori1iaa111 plawd \o •• 411>\I\Jl 
pbt.balat.e •• a pl&a1.lo1aer. Ho••Y•r DOIN ••• &ftllabl.• .. , 

\be liim• t.b.l• in•••t,1p\1on •• IIMl•• uw,,, t1a1m1car111.11 ££11•m• Th• uw1aa ,.,.,.._ 
\ur• ••• lilllt.a\ed t,o 11o•c. •• a.ooo pal&• Tb• •all 
quant.1 ,, ot produ.•t. t.ha\ •• •••11ab1e tor Nlc.U.q anct t.••1'-

ln& ••• 'Lbl• 11m1t.at.1on nH•••r7. 



V • CONCLU SI OIUI 

1. A ••ldabl• plaat.10 aat.,rul •• pr•J>&rN trM lic-
Q.La 01 ,,.., .. a, wit.b at.amou Cblort.ct.. b7droaan a1t1u. 

IIU)c. • oon4••ln& a1ent.. 

a. 1&\•r abaorpL1on Obl.rao~•rla~1oa an4 1••• 
a\rena\n ••r• no, ap1r•oiabl1 Japrove4 ~, 001uledla& a-... 
ng11a Mlorlde t.reat.4Ml llamn wi\b, • oorultmelftl aa•n\, bu\ 

tlo• ln \be mold •• iapro'f-« bJ •••nttl.Gti wit.h tvf1u-..,1. 
a. Tb• bee\ •'•r abNrpt- 1on ftl••• 1.8', a ... 1a,1ve 

1•pa•t, value of 10 •• • an.4 poor th• 1n \.he aold ••N ._ 
t,a.ln•d by t.rM\lag 11.gnln •1t.h. at.annoua, ohlor14• and b.7.,.._ 

a•• nlt14•• wit.bout, a con4e£'la.ln& ea.n.t.. 
,. Tbe b••t. wat.er abaorpt, ion T&l.t18, 1.a,(, bea\ fl" 

1n t.u aol.ct, an4 a r•la1,1Yt 1•pao\ Yalue ot 16 •• ••r• 
ol>\aln•• ,, lrea\1q lipln •1\h &iu hlt&\•, hJ4roa• 
aultJ.4•, and f\lrtural. 

•• Th• beet, rel~t.1.•• 11\jie-,ct. val.a•, 29 o••, a •t.•r 
abaorpilon yaJ.u. ot a,.~, au poor tl•• 1n \be ••14 ••n 
•bt.a1ned b1 t.rM\1ftl lJ.anin •1 \b. 8',annou• olll.erl.d•, b7dr .. 

a•n •ltide • an4 a a1xtur• ot tor11&14•h1d• &net tlU't11ral. 

•• L•« aoet.&tte anfl •uprle a\l.U'&t.e t.Na\•d J.ill',liA 

were ••ry poor ••14.ln& ooapo'WMl•• 
1. Z1no ault e\ \e e.nd a\annoua ehl•r .ht• t.r•t.•• 11pia 

••N aolded w1\h -• ....... , &o.d of \he'"• -....-
ohlorlu n• t,be bt\t,•r• 



•• ~- RX1flWI dOUUt. ol t1llttr \b&1, OOl&lfl b• •••• 

o.nd ,1111 •1>t.a1n e;eoa oov•rl.QI •• I._ woo4 fl.our. 

t. P11eno1 ••14 no\ be UM4 •• • p>.aat.1o1a•r due tr• 

bl••cl1n&• 

10. A!olde4 Ueoa bl•• •" W'lleaa aecor4t4 •1•tlal 

11. ta• aolatd 41ao eould l:Je kep\ from blt•1na out, aa4 

wckll,na •• \bit art••• b71 (1) pr8bea\1ft& t.be ligftia n4 
wood flow la a uo0o. oYea, •r (1) leaYin& t.h• aampl• la 

tb• •old, wb:1.1• UD4er ;v·•••r• • until \he aol4 •oolatl lo 
room \nperat.w-•• 

12. 8'&nnou Ghlerld• t.reatted 1lp1n. wh1oll •• ••lt•t-
qu1n\l1 \reatte4 •1\b a,oropn ault1de an4 aol4ed bat ,.,,.,. 

NI.er abNtp\1tn •barae\•ria\1oa \ban 11.gain \rea\•4 w1\b 

ult. onlJt 111,aia ttreat.•4 w1Ul h,clropn ••lf14• onJ.71 •• 

11&nin Jlft \rea\e4 a\ all. 

11. Molded •ampl •• Mcie from •lanno11• lblorl4• \r•a\e4 

llan,ln oonAen--4 wl\b tonaldeh7d• 4nd alxiw-e• ot toraald .. 
byde ancl turhral bad poor ••141.ns oh&raoter1at,lo • 

14. lloldecl ._pl•• ••• tr•• a\Unoua thlor14e \reat.•• 
111,nln wbloh •• oon4eruttd: w1t.b flll"tural. ba4 good tlow tbar-

ao\•rlet.S.••• 

l&. Salt, ...... , ... Upill Wblob ••• oontlMH4 1D \be 

pr•aenoe ot approx1aa,e11 i ptr ••nt. ao41u hy4r•a.S:4- pro-

4110•• bet.\er aol4•4 auagl•• t.ban 11,ns.11 oon4eaA4 1n \b• 



10. 

pr•--•• ot o. Tl per •••' .. cuu bJ4rox1cl•• 

11. lDON&aina \b• J.enalh Of \bat. llaaln -· ,. .. 
11\IQd w.lt.b alu •U•t.• tNII I hove M 6 nova 414 ,., 

appr•olablJ o•na• t.he •1411'&1 obant\erlat.1•• or t.n• lla-
ala. 



v. SUIUU.RT 

L11at.n ••• r•tluxtd •J. \h to•r <Utt .rtn\ rN\allio •1'•• 
111 ••b •--••• t.lM •J.t, t.reat,ra~u,, ••• toU•••fl •1 t.reat.unt 
w11h b)'dro~•• •~lt1••• Tb• a.c18 \r•a,_. 11p1n , ... , ... , 
\b• b••' Nl41na ouraoler1a\ioa. 

fo clet,araiM la. Wal.Wt ot \be aai, Ul4 lbe 

h.vfk"oaM •lllfld• , ..... , •• , 1.t.p1n -· , ..... , •• •1tdl IDCla 

•nlr Uei tNlcled • Upln ... , .... ,.ca wU,b. ta.1v•1• -1,1 .. 

0111, and molde4, aml l11Aln ••• , ..... , .. wlt.b SDCla 1011 ... , 

bf la.ydroa-n •ultl4• .ui aolcle4. Llsnln tba.\ •• not \r••'• 
ln an, W&1' ••• alao ••l4ect. Llpua , ..... , .. wlt..b enc,, fOl• 

J.ned by , .... , •• n, wl\b AJdroeen eul.tld• bad ib• "*' •• , ... 
abaorpt.lon obaraet.erS.at.1•• of my rwi •d• ln t.bl• lnft1,s.-
aat,1on. Ll.1n1n M\ ,rnt.ett a, au ba4 ib• n11ua relat.l•• 

t.apao\ •lr•a&Vl• 
S\anaoua 11tui1n ••• oonun .. 4 w 1 \h * ••1, l mol, and I 

••1• et toreal4-bfd• in t.a.• pr•••no• ot 1aoa. All aol4e4 

Nmpl•• ... , .... tora&l.4en,4• 001\CMRNd 1.1.&Ain b&4 ••r1 
poor flow 1n t.bo ul4 o.nu ••·ry pNr wat,er aluM>rpt.1on Ob.ar-

aot.ori•ii••• 
a,umeaa ll~n1n wa• oondenae4 w1\b - alx~uro ot tor• 

a&lclohyde and tw-tval. The &11ov.n\ ot toraal4en,4e r ... t.a-

•4 t1ae4 a\ j ••1 ••r••• i 1 •• • •• 1i ••1• ot tar• 
tval ••r• 1,1ae4. A aolde4 ••pl• t.b&\ ba4 been ooa4•••• 



w1\ b. a •'-'-•• •t a •1 ot torul4rtb;r4• uu 1 •1 •t tv-
t\lral b&4 t.h• 1'1pan r•1&1t1•• 1-,..0, at.r•at.h of aa, .... 
pl.o in t.W• J.av,at,ip\S..11. 

&t.6M0118 1l&Pl1D wao \Na,•4 w1 \.b. j mol , 1 IM1, &l'Ui I 

•o1 • ot turtural. ••\\er tlow J.n t.he .. 1, •• olt\&J.AM wben 
tw-ttaral ••• v.aed 1.ban •• ob\aiud iA an:, of \he •tber 

, •• ,.. It, •• • f O\ln<l \ba\ 1 •el Gt tv.rtur&l .... IA• -··' 

q•nt.i\7 t,o ••• A ru,n •• ••• uJ.q aJ.ao •ultat.e \r••'•' 
11an1a laa\eacl ot at-ann•• lJ.ll\lD. fh• alno a\llt•'• t,Ne,\M 

11p1a ••• eon.4eaae4 w1\b nartval bad a 1•••r p•r oent. .t 
•\er abaorp\1on \ban \be aw.nnwa lliDla when concleue4 
wlt.h turt1&ral. 1'1'1• l• watter al>•rp\1on Yal• ••• • .,...1., 

onl.7 b7 a\ann••• llanln wb1cb •• not. t.rea\e4 •1'b a eomttne-

t.na ••••'• 

• 
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