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Extraction of Lignin from Wood with Triethylene Glycol

P1OTR ZENCZAK

Forest Products Laboratory, University of Washington, Seattle, Washington

HE LIGNIN AS OBTAINED from wood is available in large amounts
in two different forms: (1) in solution as a by-product of the pulp industry,
and (2) in solid form as a residue in wood saccharification processes. In
wood with dilute mineral acids,
by polymerization or condensation and it

also contains variable amounts of carbohydrate residues mixed or combined

with it.
: Lignin o
recovered by precipitation as salts of lignos
as so-called thiolignin. Only a few mills isolate even a part of such lignin,
‘because of the high recovery COSts. However, alkali lignin such as “Meadol”
and thiolignin such as “Indulin” are produced in limited quantity and have
become commercially available. A tremendous amount of work has been
done on these lignins in an effort to find means for the utilization of this

the lignin problem is still very real. It is a

.cheap organic material; but
"serious problem because extant commercially available lignins do not possess

physical and chemical properties which make them attractive to industry.
It is the purpose of this paper to report a summary of some results
obtained with a lignin extracted from lignocellulosic material by triethylene
glycol (HOCHQ'CHg'O'CHg’CHQ'O'CHg'CHon). This lignin exhibits dif-
al properties than the lignins mentioned previously.
find new uses for lignin and even to promote

btained from pulp mills in the form of waste liquor may be
ulfonic acid, as a sodium salt, or

ferent physical and chemic
These differences may help to
2 new and more efficient pulping process.
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146 EXTRACTION OF LIGNIN FROM W0OD

In &n spring of 1949, in the Forest Products Laboratory of the University

Mm /.x\mm?:mno?. nmmmmz.& under a grant from the Engineering Experiment

tation am.mc:& in the discovery that, under proper conditions of use, triethylene

glycol will completely defibrate wood chips and dissolve __.m::.“ AOthn_m_

and Nmsﬂ&ﬁ. 1950). When the triethylene glycol extract is diluted with
water a reactive lignin is obtained as a precipitate.

. . . Isolation of the Lignin Complex

. Any lignocellulosic material such as wood chips, bark, or sawdust

is rm.mﬂ.& for one to four hours at 120-140°C with ﬁawﬁw%_mom _no_v

containing 0.2-0.4 per cent of catalyst. Experiments at the Forest ?Mﬂn&

Hmvo_..mﬁog of the University of Washington have been carried out in an

o_aoua._nmzw heated stationary digester with a capacity of five gallons under
o&:ﬂ@ atmospheric pressure. The cellulosic residue is filtered from the
cooking ._Bco_. and is washed with triethylene glycol and water. The lignin
present in the cooking liquor is precipitated by the addition Om. one to mzco
parts of distilled water. The precipitated lignin is filtered émm:.& with
m_m:.:& watet, and oven-dried at 50°C. This general an&E,m of extraction
of rmnS. by triethylene glycol must be modified, depending upon the type
of material that is extracted and the end-properties that are desired. 7
. nwm_m_nra case of w::u waoacmaonv. the characteristics and quantity of
yst are very important. Certain metal chlorides, hydrochloric acid

Ma _Mﬁ.momg chloride can be used. If pulp of maximum strength and Emrv
MO@: ¢ M_m._mnWm:&, the hydrogen ion activity must be kept at a minimum and
) .mwua:m:._mnmao: is essentially a surface reaction. The reaction proceeds
apidly at first and then slows down as the concentration of the solvent de-
'ﬂmmmmm and .&2 o.m the solute increases in the immediate area of contact.
herefore, circulation of the extracting liquor and pressure are desirable

although most of our experiments were conducted with completely satisfactor :
results at atmospheric pressure with no agitation. '

he morhe Nmmeﬁwg and N.N&“&m of Triethylene Glycol
et iquor, after the separation of the lignin complex, contains
tethylene glycol, water, small amounts of nonprecipitated lignin, and minor
amounts of water-soluble carbohydrates. Due to the &mﬁ.mnnw in vapor
pressure and the relative volatility of water and triethylene glycol é»ﬁmw is
easily distilled off, and the losses of triethylene glycol are amm:mmv_m,. Concen-

trated ini
m.:&o_.u containing up to 10 per cent water, was, in some cases, reused
as cooking liquor. .
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The stability of triethylene glycol is remarkable. No ester formation
ot other decomposition reactions were noticed. In some instances, the same
triethylene glycol was reused twenty times with good results. No accumulation
of sugars or lignin degredation products was observed. This fact may be
explained in the following way: The triethylene glycol lignin precipitates
in the form of very fine colloidal particles of high-sorption surface areas,
and therefore, solubilized carbohydrates may be adsorbed on the surface of
the freshly precipitated lignin comples, and removed from the triethylene
glycol cooking liquor. Also, some voltatile carbohydrate decomposition products
are distilled off when the triethylene glycol is concentrated by distillation.

2.

Extraction of Lignin with Other Glycols
A total of twenty glycols and glycol ethers' were investigated under
the same conditions, as possible substitutes for triethylene glycol (Table 1).
The majority of those tested were completely unsuitable as lignin solvents
because esters were formed when even traces of acidic catalysts were present.
Some have a decomposition point too low for the temperature required;
others are only partly soluble in water which, of course, makes recovery
difficult and expensive. Ethylene glycol, which is relatively stable and water
soluble, extracts only a part of the lignin (Hibbert and Rowley, 1930).
This may be due to the orientation of the molecules at the solvent-lignin
interface. The fact that the molecular structure of an alcohol has a profound
effect on its ability to extract lignin was noticed during an investigation of
monohydroxy aliphatic alcohols by Aronowsky and Gortner (1936).

Characteristics of the Lignin Complex
The crude, wet triethylene glycol lignin complex is a light cream-
colored paste readily dispersible in water. Water emulsions are readily prepared
with the compound. If a triethylene glycol lignin solution is poured into
an excess of hot water, a colloidal solution is produced which exhibits 2
strong Tyndall effect. This solution is very difficult to filter or centrifuge.
To obtain a precipitate of larger particles, the procedure must be reversed,
and water should be added to the triethylene glycol lignin solution. In this
case cold water precipitates particles of smaller size; hot water precipitates
larger particles or even causes melting of the lignin so that it may be collected
as a water-soluble viscous tar.
In the dry state, triethylene glycol lignin is an amorphous powder. The
color varies depending on the source, the fineness of the particles, and the

' These were kindly supplied by the Carbide and Carbon Chemical Corporation, the Dow
Chemical Company, the Shell Chemical Corporation, and the Celanese Corporation.
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TABLE 1. EXTRACTION OF LIGNIN GLYCOLS AND GLYCOL ETHERS
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- f the cook, from a very light cream or light grey >t
conditions of the ) very . dossolving it in pure
iethylene glycol lignin was purified by dossolving .
vgdf £ %2 2 g < Dry crude triethy 8 ¢ solution. The solution was centrifuged
8 = 5 .S . : en . .
£8c8 T 5_E5_ 8 S dioxane to give about a 10 per ¢ . in fresh dioxane and centri-
| |2g%e y i2%E § g T and decanted. The residue was suspended again in Lon into an
e} C O 5= = 7= .0 brd — . . 1 -
S |S88F 8 2@, wE i 23 § fore. The lignin was recovered by pouring the solution !

228! 5 = Mb R ¢ ki ¢z g < B 2 fuged as before. The lig d lignin was washed with fresh ether, centrifuged,
R ] L2 .2 -2 z 3 y ipi H 1
Mm $i%3s5 323E%c % o5 $ 5 5§ 5 52 ¢ o hydrous ‘ether. The precipitated lig i leum ether. It was finally dried in

9 e .9 g8v 8¢ .0 a -9 L g = 9 2.8 . . R
S lzegdiie SELIEG g §% 3 £ 8 sE §% b washed twice with pure benzene wnmwmﬁo -
o c c I Se S e e s & = -2 858 Y . i . vacuum.
B 106,882 8358 © g °g g % g 5% 253 the open air and in a dessicator under . : ner, has a
© |aaSEv 32z 829 FcS 3 L S & 2. 35 E ) | lignin purified and dried in this manner,
GER8028 8 s E82 o o o o of oof Triethylene glycol lignin purit . ding upon the mode
CUAMSZSa0E080Z 82 &2 Zz Z z z& 228 L .nnw:m:mmnogHwoﬂnonoO“mm@mDBm pon N
sintering - poin g s 2 a v_mmaauﬁ. ie. the “sintering” point
[N [ . . . .
TeElsEL B2 £ g frof o2 BEop o2y opy gy of s e, e B O R light color is one of the properties
SSlaea a2 4 B BE & 2 4B B 3 B a8 aa . : ; an A
3 wm EEE &% £ £ Ef £ 5 E¢ € 9 E& EE E€¢&E " is lowered. The low sintering point : g } ilable lignins
5.5 @ 86 o ¢ ¢ £ ¢ ©6 o¢ ¢ . f nOBBQ..Q»:% avaitla g
%) 888 gs§ ¢ S 8¢ ¢ =& o< o .8 o o0 S o 0 &mmnmﬂmﬂ.mmmumnm Q.mmnw%u.mam W_%ﬁo_. :WD:U rom . m chon or
. : intering points O
@ . tic, or which have sinte
&g are not thermoplastic,
SS0|n = w0 o n NS ® = N o e N o woae s which
‘A Qo A ™ N~ — xr < S n o xr o0 (o)) N s — O\ mmms . . . .
AR TSRS RE SR SR E SRS 28 SRR h ?mrmn%w_cmm,\ ian, 1940). . hibits a desirable degree of solubility in a
. i 1 1D1ts
Triethylene glycol lignin ex > ¢ methyl
. rature in 95 per cen y
; It is soluble at room tempe . /
o variety of solvents. i d other polar aliphatic
S - Q 1] as acetone-water mixtures and :
T T % thyl alcohol as well a y 4 d in
g 9 O g or ety Ty in sof i aromatic compounds an
oy £ F £ £ 3 solvents. Good solubility in some m:vwcmﬁnm )
I 290 o T . s ol s is also apparent. ]
53 34 g 5 ¢33 3 heterocyelic and dicyclic mohﬂ.womnm. dilute MMMEB hydroxide and sodium
C T T I T3 % 5 ox Q The solubility of this lignin in o i
r 0 99 O & & 5 ] oo € s G . indi hat it is phenolic
S 2 55 g 23 3 3 o Hm Q S carbonate and its insolubility in the bicarbonate, :H%_un_wa nm water % soluble
T oIorn p O Y9 m O GG T, L I Tk _soluble an. -
55 38 £ 3 &8 5 2 32 L T L QOE LI : ter. It forms a large number of water :
i 23 3 3 22 285 2853835 487z 23 in charac Is. About 25 per cent by weight of the crude
QXL T O £ T = TOL = r & 0% O 59 ith different metals. ou {
2E9% 22 £ 9 39 99 885 3 ¢ £3.39% sales wi . ature in chloroform.
2022 £ 5 % 22 2 2 29 £ 8 2 & IE 2L S : lycol lignin is soluble at room temper:
E9Z5 55 U £ 55 5 £ 5% S o Y=dz£c\Y triethylene glycol lig s lution, a large
s OX Y9 » O QO Y O ¥ 9 o IO £} . e thylene glycol solution,
21309 Q9 3 o 399 m g mo S 8 9 mm Mm.m By fractional precipitation from M_oﬂwmmo ?wnwonm differ in melting
mwn 5 35 m. 5 35 8 3 855 & 3 5 85 U5¢8 number of fractions have been _un%m_mw . some chloroform-soluble
. ili ior. For instance
" " y point, color, and solubility vmrw<__on e » .
UV o - Y [ —_— — —_— - A . . elow . ) X
TE 2% = % = ,m T £ .m. m fractions have Bm:_nm _m.vo:..:m ives a very positive pink color p hloroglucinol
R it £ =3B z £ = . in giv .
= — B = = & o g a g Hﬁ—ﬂﬂ?%_wnﬂ W_%OO 12n hl .
tZ TS £ £3 5 g ¢ g ¢ = ith 2 per cent HC1, this phloro
£ e g g £3 < g e g rature with 2 per ’
£ 3 25 g g¢ g g m g 2 K tests; after treatment at reflux tempe
(<] o (e} < . .
§s §5 € EE E 33 5 3 B B 3B = inol reaction is not shown. - .
. g§E €8 T 3 53 5 = 28 8 8 8 E_ 583 gluc to determine the methoxyl content of different
T3 v £ £ ££ ¢ S OER §E & 8 w3 £88 Numerous analyses to )
€/93 0 ] > = C) : h method.
Zl5Eg 22 B % ww o F § g g g g ER Dol ' fractions have been carried out using the Viebock and Schwappac
WHW B ¢ ¢ vy , , £& E £ § 24 885 ractions hav . f the methoxyl content
22 48 2 Ko} X er cent Of the
582 88 £ £ £f 5 8 % % % 5§85 28z Differences in the values were within one p . iethyl lycol
FEE 23 f EyffyE EEEogfyfy808F E4E fied original triethylene glycol lignin. The original triethylene gly
£ $googc gEosgagafedlby TOE ified origina )
R85 EE 8 AvAAsS £95 ABRTATEIAE AN o the b ted MOB Douglas fir wood contained 15.3 per cent anroxww
lignin extracte iced in lignins produce
— ‘- re noticed in lignins p
Sl=c0m vn v - o S 2 942 2T 2 9 nxe agx although differences within one per cent were

under different cooking conditions.
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Circ
paper ammﬁMmmrMM“mnw%BBM ._u?u_umnmm from triethylene glycol lignin on filter
chlene o 1o three _mmﬁw:ﬁ colored zones. This suggests that tri-

N glycol lignin is a multicomponent complex. , _
ful, m_ﬁrowwﬂnwwm MV hydrolize the mmmE:m.m glycol radical have been unsuccess-
It 1 posoe o ﬂw.o,ﬂ:ﬁ&mﬂ methoxyl is easily split from methanol lignins
that the ot of “n.x v.\m:m glycol .aomm not enter the lignin molecule mnnm
solvolytic cloxmnn m_m:_: by Ga.mncos with triethylene glycol is a catalyzed
© mention Hruﬁw o. m. polymer in a very suitable solvent. It is of interest
even if o WMS _u_m not nﬁ.BQ& from wood by pure triethylene glycol
and then washed ﬁ:.mﬂr mMMnMBHHM__&W m.cv_.mn_uﬁom by ook mna.rvino_ﬁm

Aroth is su stantially neutral.
by other I mm_“_. %MMVW@M.M% M%SD by the triethylene glycol lignin not possessed
This propesty bas b a M ity to self _uo.:\BmaNa under the influence of heat.
fir verty _mm% .mBo:QOR”m in wood-gluing experiments. Douglas
similar 1o thow 8 Mm .2:7 the c..ﬁz;ﬁm:m glycol lignin under conditions
cehylene slyeo :cmm. with woﬁ”mmﬁ._:w. phenol-formaldehyde glues. The tri-
oy specions of w%_: was wmvr& in .Sm form of a water dispersion. Three-
AN msmm mnon<m=.9.onw_ design used in shear testing were prepared
atio mwmn_.mnwnozm a anr_uo_:um. mnnonn.mnm to Douglas- Fir Plywood Associ-
were consls o 3. mo”m MN &% boiled shear values and wood failures
nOBBHQ.Q.m_ vrmso_.mo_,BmEang@, W_MMMn than average values obtained with
wmnm?mrm,“%w%w“mmwmﬁ a possibility of the development of a superior inex-
preparation ow H glue for Ew.ﬂooﬂ_ and a binder for hardboard. In the
imilan st gw Wmmmwvmw%mﬂmm .m” or .rmB_o&A wood lignin was used, but
hemlock wo0d and Dosgins MW _u M_. _M.:mng;onm glycol lignin extracted from

SOME SHEAR AND LR .
WOOD FAILURE VALUE
S OBTA
— ETHYLENE GLYCOL LIGNIN GLUE INED WITH TRI-
o Dry Test . Wet Test |
Shear Wood Failure Shear
. g i
(Ib./sq. in.) (per cent) (Ib./sq. in.) AMMM_ nM.M“_an

Three ply, 14 inch

Douglas fir veneer 310 95 20
0

Wwo 90 185 Ww

94 81 165 88

MAm 75 190 84

30 99 220 100

260 90 170 100
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ith furfural, furfural alcohol, phenol,
ugh some of these reactions
literature,

The triethylene glycol lignin reacts w
aniline, and formaldehyde, forming resins. Altho
have been reported for the alkali lignin complex in the patent
it is believed that triethylene glycol lignin, being more reactive, gives condens-

products of different and more promising characteristics.

ation
— Received January 8, 1952
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