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I. INTRODUCTION

Lignin 18 an important constituent of wood. Apparently
the function of lignin 1s to stiffen and strengthen the cell
walls of trees and plants. Sometimes it is rsferred to as
the cementing material in wood. The lignin content of plunt
stalks averages about 15 to &5 per cent.

Millions of tons of lignin are available each year in
the United States., The largest guantity ccmes from the wood
using industries. MNost of this supply is wasted or burned as
low-grade fuel. The saw mwill waste in the lumber industry is
estimated at 30,000,000 tons per year of which roughly %5 per
cent is 1igh1n. This industiry either burns orvwastes £,500,000
tons of lignin euch year. The stalke of plants furnish an-
other source of lignin. Those which are produced in large
quantities are pea vines, bagasse, wheat and rye straw, flax
straw, cotton stalks, corn stalks, soybean straw, rice siraw,
and numerous grasses and shrubs.

Industry has tried numerous weays of utillzing lignin
waste. Most work has been done on sulfite waste ligquor (whieh
contains 11§nin) produced by the sulfite process for manu-
facturing pulp and paper. Adhesives, insecticides, ferti.
lizer, soaps, vanillin, and dyee are some of the products
made from sulfite liquer. The manufacture of these materials
utilizes only a very small percentage of the lignin thutl is

available.
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The fact that lignin contains a phenolic radical in its
structure suggests that it might be useful as a resin in
making plastics. However, the phenolic contant ié 80 low
that it has not been successfully used as a substitute for
phenol~formaldehyde resins, but has been used as an extender
in plastics containing these resins. A thermoseiting lignin
used for making wallboard has been obtained by treating lig-
nin first with a2 zinc salt ana tnen with a reducing agent.
One disadvantage of mest lignin plastics is their dark color.
To be uséd for decorative materials that will compete with
other plastics they must be produced in lighter colors and
the ratio of water absorption must be reduced.

The purpose of this investigation was io make a lignin
resin and plastic from sulfate lignin by refluxing it with
a metallic salt, treating it with hydrogen sulfide, condens-
ing 1t with a condensing agent, and molding the resinous

product.



II. LITERATURE REVIEW

A. Production of Lignin Plastice

Rallboard rreduced from 2inc Sait Treated Lignin- A
process for making a lignin wallboard has been deseribed by
Seiberlich (19, £0). A 50 gram sample of Seholler lignin
was refluxed with a 10£ solution of zine oxide or xlné sul-~
fate for 2 hours. The lignin was filtered, washed, placed
in an Erlenmeyer flask, and gassed sasveral times with hydroe
gen sulfide. The hydrogen éulfide treated lignin wase heated
in a commercial solution of formaldehydse for 30 minutes.

The product wes molded at 2,000 1lba. per sq. in. at a temper-
ature of 300°F for three minutes. The molded material com-
pared favorably with Masonite and other wood pressed walle
boards.

Seiberlich has treated lignin in & #imilar way with a
10f sodium tetrasulfide solution and then with ethylene
chloride. However, the product exhibited properties inferior
to those made trbn the zine salt treated lignin.

Lignin-Wood Laminated Material~ One of the first lignin
plaustics was of the laminated board type. Boehm (1, 4, 5)
has deseribed a process used by the lasonite Company in
making lignin plastics.

Wooa chips were treated for a matter of seconds at a

steam pressure of 1x00 lbs. per sy. in. In this short time



lignin was first softened by the high temperature steam and
then upon sudden release of the chips to atmospheric presse
ure, they were exploded by the high internal pressure result-
ing in a mass of fibers still coated with lignin,

In the manufacture of the plastic, this fiber was sub-
jected to a temperature of 175°C. and a pressure of 1500 1bs.
per 8q. in. and the fibers were again bonded by the lignin.
Curing was very rapid. In fact it was only required that
the taemperature be ralsed to the curing temperature before
chilling was started.

Similarity of this action to that of the thermosetting
resins led to further study of this phenomenon. Some frac-
tions of exploded fiber oxhib;tad a very high degree of
plasticity which, when ueided, produced a product similar
in many ways to phencliec lamipaied materials,

The sheets or panels produced from exploded wood chips
can be made in any thicknesz from 0.1 in. to 1.0 in. It
has a specific gravity of 1.45, a modulus of rupture of
about £0,0001bs. per sq. in., a tensile strength of 10,000
lbs. per =q. in., & compression atréngth of about 56,000
lbs. per 8g. in. and & <4 bour water absorption of less
than 1 per cent. Its dielectrioc properties are good. It
may be drilled, tapped, or turned readily, presenting a
lustrous black finish.

Lignin-Phenol Resin- Champer und Christensen (7) have
described a method of making & lignin plastic by condensing



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 approximately x50 grams of lignin was
added to the phenol as rapidly as dissolution occurred,

This mixture was held at about 100“C. for an hour, and then
the reaction vessel was connecled to a condenser and vacuum
pump. With continuous agitation, the temperuture was raised
at the rate of about 15°C. per hour until the ultimate tem-
perature of 155°C. was reached. During this treatment a
mixture of phenol and water was distilled over, the phenol
being recovered,

48 the condensation reaction progressed, the viscosity
of the mass increased. The reaction was continued until all
unreacted phenol was distilled off. At this phase, the
initial mass had become a viscous black product. This resin
can be disspolved in suitable solvents ana used as a varnish
for protective coatlings or it can be dispersed by a dlspers-
ing agent and used as a filler in fiber boards.

The resin can be mixed with suitable inert fibers such
as wood flour, asbestos, or ground vegetable fibers and mol-
ded., This treatment was carried out at a pressure of 1,000
1bs. per 8j. in. and at a temperature of 160-180°C. The
polymerizzstion product was a hard lustrous, insoluble, and
infusible resin.

Resins from Lignin by Condensing #ith a Polybasic Carboe

xylic Acid- A wide range of useful resins may be obtained



from lignin by condensing it with various polycarboxylie
acids, Walluce (18) has made this type resin successfully
by using such acids as succinlc, glutarie, adipic, pimelic,
suberic, azelalc, and sebacic. From 10 to 40 parts of
polyecarboxyliec acid is usually suffisient to resinify 100
parts of lignin by weight, when the acid and lignin are
heated to between 150°C. and x10°C. The time required
varies with the source ¢f the lignin, but generaily 4 to 20
hours heating are sufficient, For example, & good resin
can be obtained from a mixture of 70 to 78 parts of lignin
and 30 to 85 parts of either succinic or phthaliec acids
heated to between 160°C. ana 190°C. for 6 to 8 hours.

Such resins are useful for molding compositions, sur-
face coatings, and bonding agents for abrasive wheels.

Lignin-Phenol-Formaidehyde Resins- Collings, Freeman,

and Upright (8) have discovered & process for making a phen-
ol-formaldehyde-lignin resin. Lignin was digeasted in phenol
or a solution of a phenolute such as sodium phenolate, potas.
sium phenolatle, barium phenolate, sodium-ortho-eresclate,
sodium xylenclate, or ammonium~4-chlorophenclate. The diges-
tion took place between 150°C. and 180°C. The mixture was
cooled to between 50°C. and 80°C. and en aldehyde added
thereto. ©Substuntially any aldehyde, for example, acetalde-
hyde, formaldehyde, butyraldehyde, benzaldehyde, salicylalde-

hyde, or furfuraldehyde, can be used. The reacltion mixture
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was thoroughly agitated and muintained &t a temperature of
1809C. for a period ef tiﬁe required to cause condensation
but insufficient to cause precipitation of the condensation
proauct from wsolution. The temperature of the soclution was
sajusted to between £0°C. ana 40%C. and aciaified to preci-
pitate the thermo-setting material. This material was then
washed and filterea.

A mixture was prepared of 70 paris by weight of the re-
sinous product with 30 parts of commercial rubber dust, 1
part of calcium hydroxide, £ parts of sedium stearate, and
4 parte of carbon black. This composition was molded at
150°C,, and a pressure of 2,000 lbs. per sq. in., the mold-
ing ¢ycle being 5 minutes. The molded artiocle was hard and
had a glossy, black surface.

A simllar phenol-aldehyde-lignin reein has been des-
~eribed by Hochwalt (14). Approximetely x5 parts of lignin
by weight were dissolved in z5 parts of phenol by heating
the mixture on a steam bath. A solution containing 34 parts
of 404 formaldehyde and £ parts of sodium hydroxide was add-
ed and the two solutions were thoroughly mixed, Heating was
continued until the mass showed evidence of solidifying.

It was then cooled end & tough dark brittle solid was formed.
This substance was mixed with a filler and passed between
the nip of a pair of smooth rolls and heated to a tempera-

ture of =30°F. for 60 seconds.



L'Alelio (1C) heas prepared several different phenole
sldehyde~lignin resins. He diessolved lignin in phenol and
edded « formsldehyde solution containing sulfuric acid as a
catalyst., This mixture was heated for 15 minutes, maae
alkaline with sodium hydroxide, and heateda for un additional
30 minutes., The resin produced was molded at 4,000 1lbs. per
By. in, and at a temperature of 176 to 180°C. for 50 seconds.

Another group of phenol-formaldehyde resins have been
described by Fiedler (11). For example, 300 parts of lignin
by weight were discclved in 300 parts of phenol at & tempera-
ture between 50°C. and 100°C. 450 perts of cold formalde=
hyde were aaded «nd when the tempereature reached approximately
659C, to ?5°C., 11.5 parte of sodium hydroxide were added.
The resaction was ullowea to prooeed for approximately 30
minutes ut the bolling point. 16.3 parts of aniline were
added and the reaction allowed to continue for approximately
five minutes longer. The liquid resinous masse was dehydrated
unaer reduced pressure. Thne hard resin produced was powdered
and molded.

Aromatic amines such a8 pyridine, piperidine, naphthyla-
mine, and yuinoline may be used in place of anlline. These
substances react with free formaldehyde and possibly with
lignin. T%hatever its composition may be, the reastion pro-
auct thus formed appe&red to plasticlze the maln resinous

body 8o that moldable compositions produced therefrom had
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better fiow or plasticlty, and the moldea articlss belter
surfaee finlsh than products free from such resction prode
uct s.

Lignin-Fformaldehyde Resin- Bailey ana ward (3) claim

to have developed a lignin-formaldehyde resin whien comparss
favorably in criticul laboratory tests with the best commer-
cial plustics. 15 grams of butanol lignin were dissolved in
%00 ml, of water and 15 ml. of 2.5N soulum hydroxide. This
golution was mace up te 750 ml. with water; 33 ml. of 37%
formaldehyde and 6 ml. of 287 ammonium hydroxide were acaed.
&t this phase, the electrometric pH wus 10.5 Lo 11.0. This
mixture was placed in a stainless steel autoeclave and brought
to 140°C, (requiring 30 minutes) with cuvntinuous stirring
throuzh a stuffing box. The tempsrature was held at 140°C.
for 1 hour and then allewed to cool to room temperalure {re=
guiring 2 to % houre). The pil at this point was approxima-
tely 5.3. The selution was made alkaline to a pH of 10.5

1o 11.0 with sodium hydroxide (x.6N) aad filtered. The
yield was 80 to 857 based on original butunol ligain.

Balley and Ward (3) used many aifferent plasticizers
and fillerse in their molding methods. Some of the plasti-
cizers ugea were: cestor oll, flexalyn, dibutyl phtnalate,
phenol, butyl phthalyl butyl glycolate, o-and p-tolucne
gulfonamide, triethyl citrete, anc tricresyl pbosphate.

Various coneentrations of plasticizers were employed and



effects on water resletance, flexural strength, modulus of
elasticity, flow, ete. were noted. Tricresyl phosphate
proauced effects generally superior to those of other plas-
ticizers, water resistance wes improved 200 to 300 Z while
the flow point was reduced from 1<0-140°C. to 80-100C. when
10%4 tricresyl phosphate wag added,

The fillers used were highestrength cotton cloth, glass
thread, and wood flour. The amount of filier ranged from §
to 60%. ©Small proportions inereased impact strength <00
300% without adversely affecting the moduli of rupiure or
elasticity. BEnormously high impact strengths (x00% higher
than the phenolic plastics) were obtained by the usse of
iarger quantities of filler, but simultaneous los» of flex-
ural strength and stiffneéess occurred.

The butasin resin wae moldea at & pressure of 5,000
1bs, per 8ye. in. The plutens were heated from room tem
rerature to £60°C. (%0 minutes), held at 250°C, for 5 mine
utes, end cooled to 76%°C. (20 minutes), and the molded butasin
wae removed.

A Lignin Plustic from Crude Cellulosic Material Such as

Sawdust- Geller (12) has described a method of meking a lig-

nin resin from sawdust. 100 grams of sawdust, or other ligno-

cellulosic material, were added to a molten bath of a paraf-
fin hydrocarbon. The mixture wes agitated slowly, &-6

grams of urea were addea, followed by 3 milliliters of mixed
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acid and 4 parts of 98% acetic acid. Yihe mixture was main-
tained in a molten state and agitated for 10 to 15 minutes,
One io three per cent of pure lignin was added, and mixed
thoroughly. The wood wae allowed to selile and was separ-
ated from the puraffin.

For molding, & to 1€ of 98£ acetic acid and & to 4%
lignin were added., The mixture was molded at pressures
from 2,000 to 65,000 1lba, per sg. in. and at tsmperatures
between x40 and 330°F. This plastic may be incorporated
with phenol-formaldehyde resins if desired.

Uses and Future of lLignin Plusties~ According to Aries

(1,2) and Lewis (15), to date the chief use of lignin
plastics has been in laminates, wallboards, and in lignin-
extended phenolic resins. Lignin laminutes have been useful
in the electrical indusiry. Due to good electrical prop-
erties they have been used as switchboards, swiich bases,
spoolheads, insulating spacers, and insulating supporte.
They are also being used for ice cube trays, office chair
bearings, foundry patterns, and other applications. Ligniﬁ
has been used as an extender in phenolic reeins to lower
the cost, but no large amount has been used in this way,
Lignin has not proved to be a Buccessful phenol substitute
in the preparation of phenol-formaldehyde resins, possibly
because of the fact that only one phenollc radical exists

per molecular weight of 840.
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The use of lignin plastics in any large quantity is
not yet & reality, Lewis (15) has estimated that %V tons &
week of lignin plastics aand extondsrs wers being marketed
in 1945, Tials is small comparsed with a weekly production
of 8,000 Lone of resing and plasties at that same time.

Sowe lignlin plastics are brittle and all are dark colored.
Belore lhey can ba more widely ussd it will be necessary to
develop betier plastic properties. 1o compete in tue decore
atlive field, lignin must be converted to a forwm which will
produce colorless strong thermoplastic and ihermosetting

resins.

B. Chemistry of Lisnin

Barly sclientists thoughi that wood was a definite
chcnical sudbstance. A French ehemist, Anselme Payen (17),
was the first to show that wood was a heterogensous mixe
ture. He treated wood with nitric acid, alkalles, alcohol,
and ether and obtained a a2ubstance which he ¢alled cellu-
lose. In the process of isolation he had removed a group
of substances which he called the "true wocdy material”

(la matiere ligneutag veritable). He considersd the cellue
lose to Dbe aurround&d or impregnated with this muterial.

Our present day theory, according to Hasche (13), cone
siders wood to be mude chiefly of cellulose, lignin, and
pentosans. The function of lignin in the plant 1s to give



strengih and rigidity to the cell wall which ls mainly cellue
lose, It is bellieved that lignin 1s derivsd from the pentoe
5508 in woods, [he andlyses of various types of wood are
snosn in the following table:

Analysis of soods
( ;x of oven dry samples )

Agetic
Type of wood  .Acid Fentosans Cellulose Lignin

Hedwood 7,80 48.49 B4e% -
western Yellow

Pine 2205 697 89,71 k6.48
“23“& aw yig ‘1% QSQ! giasf Do) ’
demlgow  _ 1.78 9,06 Bg.85 80.3% .
Tapbark Oak _ S.<b _ 19.86 68,05  £4.886
Bad Oai 5.08 8143 §3,78 59,79
Shellibaryk
Hiekory _ %.51  18.84 B6.%s  u3.ed

Fhillips (17) states that the chemical atructure of
lignin is complex and not thoroughly understood., "It can net
be emphasized too atrongly that 1t 18 entirely premature to
propose any constitutional forsula for lignin considering our
incomplete knowledge of the chamistry of this substance” (17).
The pressnoe of certain consiituent groups, however, has
definitely been eatablished, |

It is known that a number of methoxyl and hydroxyl
groups are praesent in the lignin structure, Olher groups

ooneisting of a mumber ¢f aromatic combinations are also
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present. Braun'e (17) formulation for lignin involves &

keto-enolic isomerism which may be represented by:

CH O OH CHz0 oH
CH;0 ;oA |OH, — 0 OH
C/Zo Car 52 O OH  ~— ngo Co1 31 06| o1
CH0 | - OH CH;0 OH
| | d-C=0 =C-H
1.

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

atitutional formula for lignin. Although it i3 not 1o hare

mony with modern concepts, it is presented for hislorical

reaasons:
i ’
e H # H o
C_ 7/ \ O 7 N ]
//-l( \cl—(CHzro)‘..e-c ~C ¢—€— ¢—OH
- Hi .
c__C=0 “Co /C\” H A OH
G CH07 ~C7 NoCH;
I
Ha 0

fursciner (17, considered tuct lignin is a polymer of
glucoside coniferin which yilelds ceniferyl alecchel ou hydran
lyeis. e pointed cutl thuet coniferin end wpruce ligniu siiow
an anclogous Tehavior in severul chemlcad I'eGcliondS. 1Giye

caner advanced the following structural formula for ilignin:
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CHy0H i C Hy0H T C H20H
G <-4 i
c-H Cc—H c~H
9 Q 0
ot ocH, OCH,
CHa0H CHyO0H CH04
| | [
- | -
I
H # H H <2 # e
ilie

The fact thot lignin wies acl sct 1ike a true unsaturated
compouncs alscreuits surscaner's conceptb. I this formula
the benzene ndclei are cunnected tnrough oxygen in ether-
like linkages. -~ comgound with this type of structure ought
to yiela fairly =imple derivalives of benzene when hcated
with hydriodic of hydfcchlaric aclds  No such compounds aave
been obtained from spruce lignin.

Freudenberg (17) couasidered liganin as a linaur condene
satvion product of building units (IV aand V), namber YV buing

tha und grougz of the lignin complex.
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CH20H CHa 04

H-CoH H~C -0k
H-C~H H-C-H
OCH; | o,
t
oH 0~ CHz
IV, ‘.

The condensation product of these groupe vwere represented
by formula (VI)., This was designated as "primury lignin by
Freudenberg. The pclymerization of "primary lignin" pro-

duces “secondary lignin".

Ty vy o4
0 S e I D o S
Hp€=0 M OH oct; o OCH,
Vi.

The above structure of lignin was subseyuenily modi-
fiea by Freuasenberg. Be considered that the thresecarbon
side chain zay be either (VII), (VIiI), or (IX) and that

these are attachec to aromatic auclei (X), (XI), and (XIi).

H
H-C-0H H-€=0 CHy
//"C{"O/;’ /7’“C‘."b’ Cc=0
/7"?'0” //—c'-—aﬁ /‘/—?—0//

Vide Viide dive



OCH; 0

0 —CH, ok

cH,0 OCHy
oH

A RGN BRI
Inrough etherification und subsequent couucac..ion sf

the =boeve units, lignin is probably the resuliiny sroduche
rrocucte are represeantec by foraulas (XIli), (1ivy,

anc (V).

These

p 7
| //—C' = 0 H‘Cl.‘//
H'? 0” /‘/‘C"// C:O
H-GoH : H-C-ot
4-C-0H #-C-0H
oH |
OCH3 //-—& OCH3 ol OCH;
H
H-C CH3~C
' |
C-OH Hc-H 0
N\ /0 N #-C /
H~C
0cH; OCHs @0”"3
o)
o H oH
ATii.

IV,
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In the above formulaus, only arcwatic nucleus (x} was
uced., wimilarly, arowatic nuclei (XI) and (XIi} nuy unuerge
ethierificetion anc conasusution forming &nulogous pruducts,
Yne condensativn products (Kill,, (LIV), and (XV) me) unGere
pv furtler condenseilion with other bullaing units znd form

complex procucts of Ligh moleculer welight.

Ce sheory of betalile call ireaimecul ana

tubseguent licuucticn of Lignig

Lewis (16) says that lignin in itself is a poor maierial
for plusiics. This mey be due Lo the presence ol various
types of hydroxyl groups whicn make it relutively hydrephilie.
In the condensation of lignin with formeldehyde and other
compounds, the phenolic hydroxyl groups in tne lignin may be
covered, but there still remcin alcocholic hydroxyl groups
which vill affect the water reslistance of plastics made from
it., Covering these hydroxyl grougs by acylation should make
the lignin less hydrophilic.

Brauns, Lewi:, zand Erookbank (&) have ;rep§red lignin
eithers and esters from ieadol, a water soluble lignin, A
solution of lead atetete 18 reacted witn xsadol'anu lead
Meudol precipitates, The salt thus formcd appears to bs a
mixture of lead lignin containing one lead atem for two

hydroxyl groups per building unit (aasuming a molecular



weight of 860) and one containing three lead atoms for each
two bullding units. Lignin esters have also been made using
divalent tin and copper, and menovalent nickel.

R. Combes (9) treated lignin membranes with either a
lead or zinc salt in a coler reaction of lignin which he dis-
covered. Cuts sere made in the ohosen organic plant, and
subjected to the aciion of javelle wailer for about 15 minutes
to eliminate cellular material. After being washed repeat.
edly with ordinary water and then distllled water, the prepe
aretions were placed in a olosed gless container undaer
aqueous lsed 2udb~acetate. The time of submersion varied
with the thickness of the cui, 1lz«14 hours for the best prep-
arations, They were then weshed with distilled waler. Aafter
this treatment it was certaln that the cellular membranes
were impregnated with a lead compesition &s proven by treate
mont with an acetic acid solution of poitassium iodide ree
sulting in & yellow precipitate of lead iodide.

The preparations thus obtuined were immediately placed
in a covered glass container, containing a solution of

hydrogen sulfide, and there appeared a black preeipitate of
leuna sulfide, whereof part remsined in the memdranes while
part was eliminated by washing with distilled water. The
euts have té be maintained in the hydrogen sulfide solution
for 10-15 minutes.

If to these preparations a drop of concentrated sulfurie

acid were added, there immediately sppeared on all lignified
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portions a magalficent red coloration analogous 4o that proe-
ducsd by meuns of phklorogluecinol sné hydruchleric acid. The
covior remained for & lengtith of time depending upon the lig-
nification. It dissppesred 1ittle by little, thne malls of
the cell being lust. The recctiocn was only produced by lige
nified membranes.

In place of lead sub-acetate, salurated colutionz of
neutral lead acetuts and lead nitrate may be uced,

The reuaction Lakes gleace in three steps:

1. The prolonged acetion of & concentrated solution
of lead sults on the specimen (18 hours ot room
temperature or half-an-hour on a water bath).

Z. Treatment with hydrogen suliice.

. Treatment with sulfurlec acid.

IT step 1 1s omitted, there are no results except those
probably due to hydrolysis. It 1s obsolutaly necessery to
carry out steps in the order shown. Resultes show thaut treat-
ment wilh lead xalls resulis in the formation of 1a inscluble
compounc end uot & zimple impregniticn. This cumpound is
relatively stable.

The lead s2ils hove been raplaced with zinge sulfats,

Cn using the same proceuure, a red coloration was obtained
absolutely idantical with that obtained vhen lead was used,.

Cuprie suifate ana salts of mercury and barium gave no

reasultes. Furthermere the formation of an insoluble zulfate



all

is not neces:ary. 2ine hydrate (ziﬁc hydroxide, ean be'nnfd.
An acceplable prucedure follows: Tue specimen is iLreat-
‘éd with javelle water for perieds of not longer Lhan oae hour,
carsfully washed, and iken placed in a large glass flask,
{ne gram ¢f ginc oxide suspended in OU grams uf waler is thca
equed anc the mixture heatled on a waier bath fer about 30U mine
utes. The sgecimens are removed, washed und placed in a
saturated solutlon of hydrogen sulfids. afier five minutes
Lhie specimens are guicaly washed, plaged on & slide cover
+shich has been moistened wiith « drop of goncentrated eulfurie
acid. A red color in all the lignified portion is immedi-

ately formea.
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111, BXPERIMENTAL

A+ purposs ef sbudy

The purpose of Lhis investigation was Lo make a lignin
resin snd plestic from milfute lignin by refluxing it wish
& metalile salt, tresting it with hydrogea sulfide, condens
sing A¢ with & condensiag agant, and melding the resinous

produet,

B. PAsn of Investigation

1. Salt Treatmsht: Sulfate lignin was refluxed at the
bolling point with She following saits:
TR R Zine Sulfate
Cuprie Sulfate
Lead Acetatre
‘ Stannous Chloride
. Hydrogen Sulfide Treutmsni: A water suspension of
the salt treaved lignin wuw gassed with hydrogen sulfide,

| 3. Pr ry ¥olding: To determine which of the sald
treated lignins have ths bast molded preduct and absorbed
the least amount of water, preliminary molding runs wers

made.
4, Condensing: The salt treated lignin which gave the

best product in preliminary melding runs was %hac‘n‘ Thie
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salt treated ligein at the end of the hydrogen mulfide
treatment (witheut hiing molded) was condensed in the
presence of sodimm bydroxids with the following conden-
#ing ugents: ,
| Furfural
Formldehyde

6. Melding: The condensed lignin was mixed with
wood flour and molded,

6, Toesting: The following tests were made on molded
Bamples:
| rer Cent Water Absorption

Comparative Impaet Test

C. Haterials

Lignin: The lignin used in this investigation was
sulfate lignin obtained as a byeproduct in the sulfate or
Kraft procese for mking paper pulp. It was manufactured
in the Charleston, South Carolina plant on the west Vir-
ginla rulp and Faper Company under the trade name of
*Inaulin”, lignin frem pine woed.- The lignin used was
from lot & 4~833. |

gxdgggaglgu;f;de: Hydrogen sulfids was goﬁ‘rated by
pouring 1¢ per cent sulfuric zeid over iron sulfide,

catzlyst for Condeneing Beagtion: Reszgent grude

sodium hydroxide sat used.



Salts for ggg;ggggg with Lignin: The following saits
were 1’15065 an“.m‘?, Pb(GBSGOO)zo%ao, Gﬁm4.ﬂﬂzﬁ,
ancla.aaao. All salts were reagent grade.

Formaldehyde: 37 per cent U,.8.P. formaldehyde was

used as a condenging agent.‘
Farf t Teshnical grade furfural was oblained from
the Quaker Oate Company, Cedar Raplds, Iowa. |
Fhenol: Technical grade phenol was used.

; P#raagttgg:ggigggg: Reagent grade penitro-aniline
with a melsing point of 148-147°C. was used to determine
the temperature of the mold,

Wood Flour: 45 mesh wood flour, which was almost
sntirely white pine, was obtained from the Becker, Moore

and Company, North Tonawanda, New York.

D. Apparatus

A sketeh of the equipment used in refluxing, guesing,
and condensing the lignin is shown in Fig. 1.
Pistilling Flask and Condenser: A three negk, round
bottomed, pyrex glass, ¥ liter distilling flask was used
in refluxing lignin with metallic salts, gassing with
hydrogen sulfide, and in refluxiang the lignin with & cone~
densing agent. The condenser was of the Liebig type.

Gowmprasgion kKold: The mold used was constructed by



Fred. 5. Carver, Lnglneer, kanufacturer of Hydraulic Equipe
meot, New York. It was i inches in diameter. A picture
of the mold is showrn in Flg. z.

Hydraulic Press: The hydraulic prese used in the

melding process was manufactured by Fred 5. Carver, Engineer,
kanufacturer of Hydrsulic Equiprment, New York. The press
had a 1; inch ram, with the maximum total pressure on the
ram belng 20,000 pounde. A plcture of the press is shown

in Fig. 3.

Heating Element for ¥old: A 500 watt heeting element

wvae made from nichrome wire having & resistance of 1.66
ohms per foot.

Electricel Resistors: Three 20 ohm fixed resistors

and one 19.6 ohm varisble resistor were used to control the
current and tnerefore the temperature of the heating element
of the mold.

Air Stirrer: A circular plece of galvanized stesl was

cut and bent to form blades so that an air stream would
cause it to rotate. This was attached %o a glass stirring
rod which was used to.agitate solutions and mixtures used
in this investigetion.

Impact Testing Machine: The impact testing machine

used was manufactured by the International Equipment Com-

pany, Boston, Nase, The serlal number weae No. ABOL7.
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E. Methed of Proecedure

nefiuxing wito balts: A lignin sample weighing 60 gms,
was piaced in a x liter woulfe flask and 500 cc. of a 104
sall solution were added. The mixture was agitaled to keep
the lignin from settling. a4an electiric heating elemenl was
used Lo bring the mixture to tine bolling point. This re-
guired approximately 15 to <0 minutes. 1he mixture was ree
fiuxed al the boiling point, with continuous agitation, for
% hours, The mixture was filtered on a Buchner funnel and
the precipitate washed with < liters of distilled water.

i The salt treated lignin

was placed in a Woulfe flusk and 500 cc. of distilled water
were added. 7The mixture was agitated continuously and hyd-
rogen sulfide gas was passed into it for a period of 15
minates. rydrogen sullide was generated by pouring 100-1z5
cc. of 104 sulfuric acld, whica hed been heated to approxi-
mateiy 70°C., ovar 30 gms. of iron sulfide. The ligain was
ssparatea from the mixture by filterlng 1t on a Buchaner fune
nel. The lignin was washed with < liters of distilled water
and dried in an eir drier at room tempserature for <4 hours,
The hydrogen sulfide treatment was carrlad out uncer a hood.

Preliminary Moldingz: Tas itreated lignin was mixed with

wood flour, the percentaye of wuold [lour being eituzr x5 or
SU%. Botla thae wecod flour and tae lignin wsere prohsated in

a 110°C. oven for a psriod of time varying from 1 to 1l
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ﬁinﬁtos to drive off excess moisture; therefore preventing
iﬁé molded piece from blowing out on the sufface. The meld
was brought to a temperature of 150°G., plus or minus ap-
proximately 10°C. The correot temperature was reached when
a ciystal of punitroﬁaniliné melted when pleced on the top
of’tha mold. The melting point of penitro-aniline ia 148~
147°C, The mold was lubricated with stearic acid and the
sanpio WAL moldcd at a temperaiure of 180%°C, for 3 minutes
uhdcr a pressure of 2,000 psig. The salt shich gave the
best preliminary molded product was ehosen and lignin
treated with this sa;t was used in all subseguent runs.
The best produet was chosen by simple inspection tesis
such as esppezrance, water absorption, and seratching the
éurraco with the tingqrnallz.

gondensing: Salt treated lignin was condensed with
from 3 to % mols of formaldehyde, furfural, and nixtufca
of fo}malaéhydo and furfural. A 50 gn. sample of salt
‘treated lignin was dissglved in a ¢ediun hydroxide sélu-
tivn. Usumlly 39@ ce. of 5% sodium hydroxide were used |
andé this was diiﬁtéd with froﬁ 100 to 800 ac. or‘diutii-
led water. To this Z9olution the cdndenaing‘azent was ade
ded with constant agitation. The solution was heated a
with‘an electric heating element. From 18 to 20 minutes
were required to reach the bolling point. The solution

wag roefluxed with continuous #zitatiaa for z hours. It



1.

the resinous product had aot precipitated at the end of the
condensing period the solution was made acid with by sul-
furic acid, caueing the lignin to precipitate. Tne produet
wae filtered on a bBuchner funnel and washed witi distilled
water. It was ihen dried for x4 hours in an air drier at
room temperature.

Molding: This procedure was similar to thet sialed
unuer prelimlnary molding. In some runs from 5 to 10%
phenol was usec as a piasticizer.

Testing: All the molded disca used for tesiing had
approximately the same siZe and shaps. The diameter was
<g inches, The tnickness of & single disc varied &«® much
as 0.08 inch. 7Thie vwas due Lo the fact that the mold
used was worn and there vere large tolerances between
maling parte oi the mold, The average thickness of the
discs wag approximately O.<c inches. Tﬁo weight of the
discsg varied from 1¢ to 20 gms., the average weight beihg
approximatlely 18.9 gms.

Water absorption tests were made on the bazis of the
welzht of water absorbed in a & hour period. The molded
disc was weighed aceurately on an analytical bulance,

A &350 cc. beaker was filled with distilled water and the
¢isc was completely submerged in the water. Al the end
of two Luurs the aise was taken out and the surfoce waver

was wiped off with & dry cioth. The dise was weighed aguin



‘on ) analrtieul balaaoe &nﬁ from tho wazshtAgasuaé tha pqr
.cent utter absorboi '&8 cazculntod. '7;333 i ; . ; ,i;:fj§

 The rel;tx:n inpact strangth s 4qz¢rggn.‘ Qu *a 1.* ; ”:xf;;
pact testins uacﬁlnﬂ uanutncturod by tko Intaruttianal E

‘ ,Lquipmon& Conpuny. ‘The dise was laid tlat en tna ttncl

boxtan of the tcstxns muchlqa. On the top uurfaec et tha f
,dxao . small atael oylznder wes placed (thn ond at’ths |
,cylindar in aanttct with . thc dioa was raundcd ‘or shaped |
like a h@uauphartJ. pn top of the stoal dylindir ﬂna n
waishz which could be raiaad to any daainaa haight.: Tha
-oxght was raised to & haisht of 2 or 3 ona. taﬂ #nﬁdhnly
dropped aa&o the ataol eyiinﬂor. The d&liaanb %hi wt&dhﬁ
was ralaod was xnorsuscd in lperements of & nll. nnsil thq

. diac waa craakcd or brokan when the woiqnt t.ll. !uln

dzstcnca of fal)l was rnaordqd and called thc rulttitu luw
pact u&runsth of the tunplt boing tested,
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Fo Datx and Fesults

The experimental data include the molding of the
treated lignin and tiie tLesits made on the molded dlsce.

lowing five runs, dncluded in Tabls I, shows the effect of
molding lignin whioh has been treatsd with a metallic salt
and hydrogen sulfide. Ths four different saltis used wers
zine sulfate, lead sostate, cupric sulfate, and stanncus
¢hloride. Runs la and 1E show the effest of varying the
length of time that lignin is refluxed with a salt.

in numbering the wmold runs, the nuwber before the hyphen
indicates the treated lignin that wae used and the number
after ths hyphen indicates the number of the wold run made
on that speseiffoly treated lignin.

The semples for which no water absorption cheragters
fetics or relative lmpact atrengths are given were imparfsot
sauples or of asuch poor quality that testing was of little
OF B Vaiue.

All wolded samples when placed in water for two hours
became 80 soft and distorted that the per cent of water abe
sorbed could not be determineds lLiolded discs which had been
treated with eithar Ph(ﬁﬂacaﬁ)g or CuiQ, disintegrated ime
sediately whon placed in water. Gamples which wers treated

with either Ini0, or @nCl, were distorted only slightly after
being immersed in water for two hours, and of these two salts
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~ the 8nClg treamted sample was the better.



Tadle }

The Rffeot of Treating

kignin with Netallie Smlts

Showing
Refluxing, Nelding and Testing
8alt Used in b ¢ 1 wghe of | wgh, of Pﬂ;:-:in Relati L) Flew Qeneral Appesrsncs
‘ a0 »e ’ . reheat lative ateor : -
Neld Refluxing the of 41 Woed |Lignin ‘and Impsot Abserption in of Molded Dise
Run Lignin Reflux | Treated Flour | Wwoed rlour Mrength £ v Mold
No, Lignin at 110%, Test
(ar.) | (gms.) (oms.) | (min.) (ams.)
=) * MOW ] 2%.8 2.8 @ - - poor biewn awt on surfase
Jae8 | Ins0¢.Tigo 8 1.8 18.8 o &2 - poer blewn out on surfaes
La=d In80g . THgy 8 0.0 10,8 0 - - poor blown out en surfase
» very saft and easil
Met | 2804 W0 8 9.8 9.8 | 30 . - poer !r,{“%a sita fia arnail
' - v T #nd oas
1A=b 20804 . ThigO s 10.0 30,0 | 20 - - prar | aed st th rzn‘fmu
limb Enfhy . THy 8 10.0 0.0 L iz - peer hard and smesth
1ae7 20804 . THgO 2 10,0 10.0 3 a goed poor hard and swooth
18-1 in804 . THGO ¢ 10,0 30,0 b ¢ @ gasd poor bhard and ssooth
i disd ' sould be moratohed
81 |  PY(ONg000)g. Jiigd 3 10,0 20,0 2 10 tesrated | POOF sith tingermail —_
Sine 4o . O MOFALONes
é=1 Bl g« gl 2 10,0 10.0 i 81 goed poor hard and smacoth
Nete: in all runs, 60 gms. of lignin were refluxed with

with Al‘l!

600 o8, of 10 salt solution and subsequently treated
8 for 16 minwtes, '
o8 wors molded ab & %

ssmpd . reture of 180%,
and at a pressure of &,000 paig for

uinates.

*ag



Suna Humpar B, @, 7, and 4: Table # showa the varlous
ways in which lignin wus treadbed dn runs &, 6, 7, and 8, In
tun 5, lignaia wae molded sithent being bLraated abt ali. In
run 6, lignin #as Lreated with slcancus shlorids waiye Lignin
woe Lrosled aaba bgdrogen enlllds ealy in san 7. 1o run 8
iignin w0 Lreabed will slemnous ciloride followad by Lroute
went ewioh aydrogsn sualfldc.

Ths resulle of moldiay samples of rans 8, &, 7, und o
are saown o Tablo d.

Table 4 uhowd @¥iauate uf & rusovion Botusen lignin and
abannous ehlosrida wadcn 266 osbialned fa rua $. Thue psr csnt
@wolatura 1o he origiaed 3ignia il thy svannuels asblesrsds
brealast ligain wks dotoruinsd and from Whis Vhe dry wsdgass
dhvsn werg aaloadatade  The pal conb ash in bus unbruaied
anu Lbaandde shisride traated ligria sais Joturmineg sod 30w

SWRabe al's bubuisied ig Lalls 4.



Table 2

Lignin Treated with SnClg only; HyS only, &nClg and Hyp 8,

and Lignin Not Treated at All

Time
wgt. Salt used Amount Concentration Time of
Run of in of Salt of Salt of BgS
No, Lignin | Refluxing Solution Solution Reflux Treatment
(gms.) Lignin {ce.) £ (hr.) (min.)

5 60 none none none 0

10f
. 5

3 60 SaClg.2Hg0 o0 saClp 2 5]

7 60 none none none 4] 15
104

8 60 Esncla «ZH0 500 Mlg 2 15

*Le



Tadble 3

Nolding and Testing of Runs 5, 6, 7, and 8

Hielding Testing
Time of Time of Time Relative | wWater o g ——

Mold | wgt. of Wgt. of | Preheating Preheating of Impact Abserptien Mold
Run Treated Weod Lizni% Wood Flour Nolding Strength 2 hr.
Mo, Lignin Fleur at 110°¢C. st 110%C. Test

(gms.) (gme.) (min.) (min.) {(min.) {oms.) £
5-1 s 6 & & % " - poor stuek to meld
S5-8 16 & 2 2 3 = i poer blewn out
5-3 15 5 o 8 5 - - peer blewn out
Gl 16 5 1 8 s . 3 poor blown out
o 15 5 2 8 5 20 7.3 peer bard and smooth
6-1 15 8 2 8 % 10 5.9 poor hard a.nd smscoth
7-1 15 5 % & & 14 10.9 peer bard and smooth
8-1 15 -] 2 8 5 10 1.8 peer hard and smoeth
Note: All of the dises were molded at a temperature of ue'c. and a pressure of

8,000 ”“’

‘92



Table 4

Bvidence of Reaotion Between Lignin

and Stannous Chloride
in Run 6

Ugte of Treated and Untreated Lignin

(dry basis)

Wgt. of original 118NN seesvvcecrssvsversencsns
wgt. of snnlg treated 14gnin seecisosssvescscas
Gain An Wgbe sesncvnvosrasrirscasscnssesonsenes

Gadn 40 wgbe cocecvesadsvenscoasssnrsncssocnesne

Per Cent ish Letermination (a
Treated and Untreated Lignin

Ash in original 1ignin sesesvevssccsvocescvees
Ash in aﬂcls treated 1ignin sseccevesssnscosnne

87.868 gms.
73.000 gmae
15.148 gus.
26,08

0865
1l.2¢
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¥y 204, xea, 10C, and 1) show the effect of aonﬁcantaa saal
treated lignin with ¢ gms. (i mod), 88 gus. (1 #0l), and

164 guas (& mols) of 37 per cent formaidehyde, Table 5 shows
the conditions wnder which she 1xnnxntuns sondensed, In fub&t
‘ kQ»&hﬂ"ﬁhlﬁans eonditions and the resulis of testing are tabue
Jeted, |
2' ;,At,ihn end of the coudensing period in run § no resin
hed precipitated; se the soluticn was made aoid with By
R;&égé in run 10A she resin proespxtotiﬂ frem the solution,
but at the end of the condensing period the solution was

made a0id 4o be sure thet all the lignin had precipitesed.

S0 mush s0lid was precipiteted in the 300 e¢c. of solusion
that 1% became very viasgcous and hard o atire In run 108

at the beginning ©f \he sondensing peried 300 oc. of water
were added to the 300 oo, of NaOH soluticn 8o thet the
selution weuld not becous viseous and bard Lo stir shen the
resin precipitated, Ko acid waas added at the end of the
eondensing period. In run 10C it was discoversd that only
8300 se. of 6K NaQH ware necessary to dissolve the lignin

when 500 90+ of water were added. This run was stoppod
ismedistely after the resin precipitated. Hewsver the
mixture was alsost d0lleidal in nature and was impossidle

to filter. The mixturs wsa dried without filtering. In

ran 11, condensing ax&&n was qarried out for & hours.



Table B

8nCly Treated Lignin Condensed with Formaldsehyde

Wgt. of | Amount | Amount | Wgt. of | Time Amount
Run | &nClg of &£ of I of of
No. |Treated NaOH water HCHO Reflux | 5 Hgs0,
Lignin | Selution| Added ‘ Added
(gms, ) (ce.) (s0.) (gms.) | (min.) | (eo.)
9 50 300 0 41 120 Until acid
to litmus
10A $0 300 ¢ 82 120 50
10B 60 300 300 a8 1280 1]
100 80 800 500 8g 70 o
R 80 200 300 164 180 o
Note; In all runs in table &, Sully, treated lignin was

prepared by refluxing 60 gms. o?

lignin with 500

sc. of 10f 8nClg for 2 hours followed by treatment
with Hg8 for 15 min,




Bolding and Tssting SaCl, Trested Lignin

Table &

Condensed with Formaldehyde

Nelding Teating
A wgt. of «of | ugt. of Time of Time of Time Relative ¥ater Frowm sppoaranes ef
Nold gcxg 'ﬁu Fhensl | Prehesting | Prehsating af Inpact Ahearpt ion in Nolded Dise
Ram Treated Flour wood T Belding Strength 8 hr. Seid
Re. Lignin at 110%c. | at 120%. f;ﬂ»
(gme.) {(g=a.) (gme. ) (min.) {min.) {min.) (ome.) ,
3 : very phenol was on
Bl 10 & b & & &8 - peer the surface
i very enel WaAS on
98 | 14 ] 3 1 3 2 80 poer he surface ‘
T . : disin- very sce sas sersiched
=3 16 B @ i 1 3 15 tegrated poer with fingernail °
V _ : very surface was seratched
104A=1 15 5 2 i 3 3 37 8.2 _poer with fingernail
A very pheaal on surfacge,
108-1 18 0 & ) § © 3 - . peor sasily broken
. ; : disin- very surface sas seraiched
10B-8 | 15 -] o 1 ) i 82 : od poos with fingermail)
r ” “very szﬁag: =) a:?t.chﬂ
] £ 0 1 i 3 *ab oor wits fingerna
el = = gs— : I;“_’ sur fase ?a: soratched
1l=1 15 & o 3 1 & 15 tegrated peer sita fingernail
Note: All the discs were melded at a Sempsrature of 160%c. and o prassure

ef 8,000 peig.

2
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Kunae 12, 13, snd 14 show the
effect of condensing inCly, treated lignin with a mixture
of 4) gus. (& mo)) of 374 formaldehyds and 48 gms. (i mol),
96 ges. (1 mol), and 144 gms. (1§ mel) of furfural.

Table 7 shows the cenditions under which the lignin wap
gondensed. Table 8 shows the couditions under which mold
runs wers made and shows tie results of testing the molded
discs.

Ab the end of the condensing peried in run 18, ne
resin had preciplitated; eo the solution was made acid with
B% Hgilge im runs 13 and )4 Lhe resin precipitated during
the ocondensing pericd and no aeid wos addead. The condene
sation product of run 14 was gummy and had 10 be air dried
for 10 days before it could be molded.



Table 7

8nCly Treated Lignin Condensed with & MEixture of
Formaldehyde and Furfural

wgt. of Amount Amount wgt. of wgt. of Time Amount
Run 8nClg of 5% of 374 Furfural of . of
No. Treated NaOH Water HCHO Refluxing 54 st°¢

Lignin | Solution Added

(gﬂso) (Gzo) (Qe.) (gﬂ’.) (gﬂso) (hro) (Oco)

12 50 200 400 41 48 2 75
13 50 200 400 41 96 2
14 50 200 400 41 144 2
Note: In all runs in table 7, SnCl, treated lignin was prepared by refluxing

60 gms. of lignin with 500 ecc. o% 10£ 8nClg for 2 hours followed by treat-
ment with HoS for 15 minutes.

vy



Table 8

Eolding and Testing SnClp Treated Lignin Condensed with a

Hixture of Formaldeshyde and Furfursl ;

Molding : Testing
Flow Appearance of

wgt. of Wgs. of Time of Time of Time Relative Water
Meold &nClp Boed Prehsating Prehesating of Inpast Abserptien '::‘ ..gd‘d S
Run Treated Flour Li Wood Fleur |MNelding Strangth 8 hr.
Ne. Lignin at 110%c, at 110%¢, . Test

{gms.) (gus.) (min.) (min.) (min,) {ous.) £
181 s S ] 9 s - 27 _ 62.8 poor hard and smooth
13-1 s ] -4 8 8 29 37.8 peer hard and smoeth
41| 18 8 2 - s B T ae peor | hard and smooth
Note: All the discs were molded at a temperaturs of 150%C. and o pressurs of

2,000 psig.

‘sy
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salt Treated Lignin Ireated «ith Furfural: Runs 18,
16, 17, 18, 1%, and £Q0 show the effeot of condensing salt
treated lignin with furfural. Table § shows the conditions
under whigh the lignin was condensed, Table 10 shows the
sonditiones under whieh mold runs were made and shows the
results of testing the moided discs.

In run 15, 48 gms. (4 mol) of furfursl were used snd
the praeeipitate was a fine brosn precipitate. In runs in
whioh 96 gme. (1 mol) of furfursl were uscd, the sddition
of acid caused & thick black syrup to be formed which harde
sned rapidly on exposure to alr. In run <0, 198 gme.

(8 mols) of furfural were used and the product precipitated
by the acid wmas a thick black syrup wiich after four weeks
had not hardened enocugh 1o be molded. The resin was not
precipitated in any of these runs until after the asid

wae added,

in run 17 the concentration of HaCUH was mueh weaker
than that used in runs 16, 18, and 19. (In allthese runs
96 gme. (1 mol) of furfursl was used.) The results of
these runs are shewn in Table 10.

suns 18 and 1% were eondensed under the same conditions
but &nCl; treated liynin was used in run 18 and Ini0g
treated lignin was used in run 1%« 7The results oi these

runs are shown in Table 10.



Table &

Salt Treated Lignin Condensed with Furfural

Wgt. of Wgt. of | Amount Amount wgt. of Time Amount
Run SaClg Znso of 5% of Furfural of of
Ho. | Treated Treated | NaOH Water Refluxing 54 HgS804

Lignin Lignin Solution | Added

(gms.) (gms.) (eec.) (sc.) (gms. ) (hr.) (eec.)
15 50 0 200 400 48 2 176
16 50 (¢} 200 400 96 2 200
17 50 ) 150 880 96 2 108
18 50 0 200 400 96 2 143
19 o 50 200 400 96 g 125
20 §0 o 200 400 - 192 7 200
Note: In all runs in table 9, the salt treated lignin was prepared by

refluxing 60 gms. of lignin with 500 co. of 10 salt solution fer

2 hours followed by treatment with HgS for 15 minutea.

LY



and a pressure of 3,000 peig.

favle 30
Nelding and Testing Salt Trested Lignin Gendensed with Furfural
Rolding Testing
Wgh, of | ¥gh. of Tine of Tise of Time Relative | Gadver Tiow Appearanse of
Nold | 8alb Foed Prehoating Pnhnt of Impact Absorption in Kelded Dies
= | Eme | o | e | S ge | sdeg NARE) X |
(gns.) (gmee) (nin.) (min.) (mta.) (ame) * |
-3 | 5 3 2 8 - - goed | dlewn omt
i8-8 i% & £ ¥ B - - good deowm sutb
163 1 6 & 3 i BB 5.8 g90d | hard and smeoth
16-1 | 18 8 8 & 3 - . goed | dlewn ous
16-8 i8 [ & N & . @ good blewn ewmd
163 18 - é o) 3 - © ‘go0d blewn out
164 1% 8 L ¢ ] 18 -G8 gawd blown out
17«1 s - 2 -} L] &0 81.3 aaBe ard and smooth
18-1 16 [ < 2 & - - . goed blown eud
18- 16 b 18 18 @ ig < Ble® goed hard and ssesth
B-3 | 8.8 43 g 8 3 - 6.0 $004 | hard and smeoth
191 | 18 5 e b 15 1.8 goed | bard and sseoth
Note: All disos wers moléad at & temperature of 180%,

‘"
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In Table 11 the
testing rosults of the best molded aimse in each run are
tabulated.

Filow in the mola i lllustratss

in Fig. 4. ﬁuﬁplu A wis oondsuseu with formaldehydes and
exhibited 1little or no flow In the meld. The dark apots
of reasin &id ot flow and cover the white wood flour.

vood flow wauw exhibited by sasple B whicgh was condenzed
with furfural. The resin flewed and coversd ths wood flour

giving tne molded plede a uniforam bluck gulor. k
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Table 11

Compilation of Testing Resultis

Mold Flow in Per Cent Relative
Run the Water Impact
No. Keold Absorption Strength
£ hr. test (cmm.)
1A-7 poor * 21
1B-1 poor * g2
-1 poor disintegrated 10
S-1 poor disintegrated i2
4-1 poor #* 2l
5-8 poor : 7.3 20
6-1 poor §.9 \ 10
7-1 poor ’ 10.9 14
8-1 poor 1.8 10
9-3 | very poor disintegrated 16
10A-1 | very poor i16.1 17
10B-2 | very poor disintegrated 22
10C-1 | very poor disintegrated 18
1l-«1 | very poor disintegrated 16
i2-1 poor 62.8 27
13-1 poer 37.6 29
14-1 poeor 2.4 17
16-3 good 15,8 g2
16-4 good 6.2 15
17-1 good 1.3 20
18-3 good 6,0 18
19-1 good 1.8 16
20 Not Molded

# Although these samples did not disintegrate, they
were 80 distorted and soft at the end of the 2 hour
water absorption test that the per asent water
absorbed could not be determined.




Fig. 4

Camparison of Flow in the Mold

/5



L Lead
agetuie treated lignin and supriv sulfate Sreatsd lignin
were mosdac with 1itiie or a0 succems. udzce molded rvaﬁ
thewe sald treated lignius were sually broken aad tLhelr
surfaces a0uld be agratensa wilh tus finger nall. ‘then
placec la mater dhey foll apart or disinlegrated lanedie
atedy.

stannous chioride Lrected llignin aud sine sulfats
treated lignia were modded with aome sMeCess. ILncisasing
bhe time that illgnin was refiuxed with sine sulfute did
not damprove the molding eharagteristics any. The relitive
impact atrengths of atannous ehleride and aino sulfate
treated ligain were approximatleiy the same. However
stannous chlorlide treated lignin was belier ln Lie waler
absorption test than zinc sulfate treatsd lignin. Hersalter
stannous chloride treated lignin will be referred L0 as

stannous lignin,

Lignin whioh waa traated with ially
followed by treatment with ii_ G had betier sabter abasrplioa
characteriatics than lignin traated with Jally only, lignin
vreated wilh iigs enly, or lignin not treated at all.
dowever the relative lmpauot strength of lignin which was
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not trested at all was the beat,

éiece made from stannous lighin condsnseé with formuldes
hyde had very poor flow in the meld. The wood flour wes
not covered end eould be rubded or seratched off ﬁr the
aurfaea of the molded dise with bLhe finger nalls. The waler
ubnarption ahurﬁatarintiaa :sre very bad. Thers was enly
one run in whieh !armaldnﬁ@da pas usad that did not disine
tegrate vaen plaged in untar. Ho explanntion 15 offoered

an to why one dise ase not dlsintegrats while all others
&id., The relative lmpact strengths of thesze savples wers

ag good as Lhe avarage of other samploe,

byde snd Furfural: The ameunt 31 formaldehyde ussd remained
oonstant at § mol while i, 1, and 1§ mole of furfural were
used. 7The per cent of water abserbed deercased as the
amount of furfural wee inoressed. The largest amount of
furfural that oould be used woas 1§ moles. wWhen this amount
was uscd the product wes gummy and hed %o te dried for

10 days Lefore it sould be moldeds The highest rslstive
fmpact atrength of any sam; le in this Investigetion was
vbteined when 1 wmol of furfural was used. Howsver the
relative impact strongth dropped off when 1l mels of furfural
were used,

Stannous
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ohloride 1ignin was condsnsed with 3 mol, 1 mol, and & mels
of furfural. The best water absorption was obtained when 1
mol of furfural was used. However the relative impact
strength was best when only i mol was used, when two mols
of furfural were ueed the product was a thick syrup which
after four weeks had not dried enough to be molded, In one
run (run 17) & very dilute solution of NaCH was used in the
goundensing pericd, Howevaer the results were not as good as
when higher concentrations of NaOH were added. lHigher con-
gentrations of HaCH probably made a better catalyst for the
reaoction,

A run was made using zine sulfate treated lignin ine
stead of stannous lignin. Jtennoue chleride treated lige
nin gave the best resulta shon no condensing egent was used;
howsver, sinc sulfate treated ligain gave the daest results
shen furfural was used &s & condensing agent.

Tie Use gf Fhenel as & Plastigizer: Phenol was used as
& plastieizer but had to be dissarded due Lo blesding. Dur-
ing molding the phenol melted and was forced to the surface
#f the malded dise. When the disc cooled orystals of phenel
were left on the surface., Since phenol can sauss skin i:rie-
tation it would not be practicable Lo have erystals of it on
the surfage of & glaattc.

'he Use of ¥ood flour as ¢ Filler: when 50 wood flour
was used in the preliminary molding of the four different
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salt treated lignins the water adbsorplion was s¢ great that
the par oent of water absorbed could not be deteramined.
Stannous ¢hloride treated lignin molded with only £3£ wood
flour absorbed only a small amount of water. lHowsver the
relative impact strength wus lowered. In general in most
runs sads it was noticed that as the water absorption ehar=
asteristios improved the relailive impast astrength grew

WOree,

P

Lion Mixture: In this investigation the condensation re-
action was carried out st 200°C. In future tests it ia
suggested that Liis condensation reaction be oarried out in
an autloglave s0 Lhatl the tewperature may be increased.

higheat conoentration of NaCH used in the sondensing pericd
in this investigstion was 54, In the future it would be
desireadble to study the effect of using higher condentra-
tions of KalH,.

Aneunt eof Naw Maberisls Used: 1In the fulwre it would
be desirable to use lignin samples larger than 60 gms. for
refluxing and condensing. It 1s desiradble to have a large
amount of product a0 lhat numercus samplen can be molded

and used for testing.
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endensin Y In future testes condensing agents
other than formaldshyde and furfural may be used, For ex-

.
*
r
-]
¥
o
e
e
ey
>

ample, polyscarboxylic aclis are good condensing agentas,
2 The only filler used in melding
in thie investigation was wood flour. It would be desirable

in future tests Lo use fillers mich as glass fider, cotton
cloth, and asbestos.

It would be desirable

in future tests Lo study the chemistry of the reastion be~
tween lignin and a metalllc salt euch as zinc sulfatle or
stannous chloride.

It is suggested that in the

future suffiolent quantity of the product bs sent to a
laboratory equipped to do ascurate molding and testing of
plastios,

Percentege Meoisture in the Molding Compound: In future
tests it would be desirable to determine agourately the high-
est per cent of molsture that could be left in the molding
sompound and still nol esuse the molded piece to Dlow out.
The molding compound should be dried to thils molsture con~
tent at room temperature. Orying in a 100°. oven may cause
. premature setiing wp of the plastie; end therefors de¢rease
flow in the mold and other plastic propsrties of the melding

gompound,
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with the equip~
ment that was used, the condensation reastion had to be
sarried out at avmespheric pressure. Theresfore the temper-
ature of she condensation reaciion miztures oould not be
raised above 100°C.

yield from the condensation reaction mﬁ approximately 50 opr -
60 gms., Only three or four molded discs ocould be made from
this amount of product and used for testing. |

A 8% inch diameter dise
npyraxlmtﬂy ﬁ finch thick was the size and shape of the
plece that could be molded in the mold that was available.

Haking tensile strength teasts and other tests am@ot’diag to
ASTE standards that should be made on plastics require
molded pleces of special sise ond shapes. |

Flasticliger: It was originally planned to use didutyl
phthalate as a plasticizer. However nons was available at
the time this investigation wae made,

ng _Tesperature end ssyret The melding tempera-
ture was limitated to 1ua’a, and 8,000 psig. The small
quantity of product that was available for melding and test-
ing made this limitation nwumy..



V. CONCLUZIORS

1. A moldable plastic material was prepared from lig-
nin by wreatment with stanmnous ehloride, hydrogen suifide,
and a condensing agent.

g. Water absorption oharacteristios and impaet
atrength were not appreciably improved by condensing stan~
nous chloride treated lignin with a eondensing agens, bub
flow in the meold was improved by condensing with furfural.

3. The best water absorption velue, 1.8%, a relative
impa¢t velue of 10 em., and poor flow in the mid were ¢b-
ta&nod by'trgutingylignta with stannous chloride and hydroe
gen sulfide, without s condenaing agent.

4. The bast water absorption value, 1,8¢, best flew
in the mold, and a relative impact value of 15 em. were
obtained by treating lignin with zinc sulfate, hydrogen
sulfide, and furfural, |

5. The best relative impact value, 29 ome., & water
ubierp&inn value of 37.6£, and poor flew in tus mold wers
obtained by treating lignin with stannous ghloride, hydro-
gen sulfide, and a mixture ¢of formaldehyde and furfural.

8. Lead acetste and eupric sulfate treated lignin
were very poor molding compounds.

7. 2Zine sulfate cnd stannous ehloride treated lignin
were molded with aome success, and of the two, stannous
ohloride was the better,
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8. The maximum amount of fillur that could dbe used
and otill odtain good covering was £5% wood flour,

9. PFPhenol could not be used ae & plasticiser due Lo
blagding.

10, Holded discs blew out unless aecorded apecial
trsatment,

ll. The molded dise could be kept from blowing out and
huckling on the aurface by: (1) preheating the lignim and
wood flour in a 110°C. oven, or (8) leaving the sample in
the mold, while under pressurs, until the mold cooled to
room temperature.

18. Stannous chleride treated lignin whioh was subasse
guently %rt&tdd with hydrogen sulfide and molded had better
water absorption characteristics than lignin treated with
salt only, lignin treated with hydrogen sulfide only, and
lignin not tresated at all,

13, Nolded samples mude from stannous chloride treated
lignin condensed with formaldehyde and mixtures of formalde-
hyde and furfural had poor melding characteristics.

l4. Molded sanples made from stennous chloride treated
lignin which was condensed with furfural had good flow ghare
acteristios. |

15, Galt treated liinin whioh was condeansed in the
presence of approximately & per cent sodium hydroxide pro=
duced bettier molded samples than lignin condensed in the
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presence of 0,70 per eent sodium hydroxide.

16. Inereasing the length of time that lignin was ree
fluxed with sine sulfate from £ hours to 6 hours did not
appreciadly change the melding charasteristics of the lige
nin.
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V. BSUNKARY

Lignin was refluxed sith four differsent metallic salts.
In emch case, the sall trestuent was followsad by treatment
with hydrogen sulfide. The 8nllg treated lignin possessed
the best molding ¢harsoteristiocs.

To determine the value of the salt treatment and the
hydrogen sulfide treatment lignin waas treated with &nCly
only and molded, lignin was treated with hydrogen sulfide
only and molded, and lignin was treated with SnClg followed
by hydrogen sulfide and melded. Lignin that was not trested
in any way was aleo molded. Lignin treated with &aClg folw
lowed by treatment with hydrozen sulfide had the best water
absorption characteristios of any run made in this investi.
getion. Lignin not treated at ali had the higheat relative
impact stirength.

Stannous lignin was gondensed with § mol, 1 mol, and 8
mols of formaldehyde in the presence of NaCOH. All molded
samples made from formaldehyde ocondensed lignin had very
poor flow in the mold and very poor water absorption chare
acteristios.

Stannous lignin was condensed with « mixture of fore
maldehyde and furfural., The amount of formaldehyde remaine
od fixed at § mol whereas j mol, 1 mol, and li mols of fure

fural were used, A wolded sample that had been condensed



e

sith & mixture of § mei of formaldshyde and 1 mel of fure
fural bad the highest relative impuot strengith of any sam-
ple in thias investigation. |

Stannous lignin was treated with 3 mol, 1 mel, and 8
mols of furfural. Better flow in the wmold was obtained when
furfural was used than was obtained in any of the other
tests. It was found that 1 mo)l of furfural was the best
quaAntity 40 use. A run was made using sinc sulfate treated
lignin instead of stannous lignin. The szinc sulfate treated
1ignin when ocondensed with furfural had a lowsr per cent ef
water abaorption than the astannous 1ignin when condensed
with furfural, 7This low water abserption valus was cmh‘d
only by stannous lignin which was not treated with & condens~
ing agent.
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