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The present methods for the determination of lignin in wood are
subject to criticism because they cannot be applied alike to all types of
materials The sulfuric acid method, which is favored by most analysts
because it is simpler to perform and gives, under controlled conditions,
more uniform results than other methods, is subject to the same criticism:
Certain carbohydrates are converted into a water-insoluble material, which
appears in the lignin residue if allowed to stanéd in contact with the sul-
furic acid too long a time or at too high a temperature (6, 7, 10, 11).

To overcome this objection and to make control of temperature unnecessary,
several investigators (5, 8) have suggested that these unstable carbohy-
drates be removed by a preliminary extraction with hot dilute acid. They
assumed that the easily hydrolyzable carbohydrates as determined by Hawley
and Fleck (4) were the same as those which were responsible for the forma—
tion of the insoluble ligninlike residue. OCampbell and Bamford (1) contend
that proliminary treatment causes a polymerization of some carbohydrate
substance with an incrcase in lignin yield.

Work on this aspect of the analysis of lignin has becn in progress
at tho Forest Products Laboratory at Madison, Wis., for several years.
Preliminary extraction with organic solvents, cold water, hot water, dilute
sodium hydroxide, barium hydroxide, sodium carbonate, sodium sulfitec, and
dilutc hydrochloric, dilute sulfuric, and 3 per cent oxalic acid have been
tricd and, in addition, various concentrations of dilute sulfuric acid
under pressurce The work with sodium hydroxide on sugar maple sawdust was
reportcd by Harris (3), various treatments with hot and cold water and
organic solvents by Ritter and Barbour (9), and some of the work showing
the effeet of 3 per cent sulfuric acid on sugar maple sawdust by Cohen ond
Borris (2).

This report contains, in table form, the results of further work
with sulfuric acid and of various other pretreatmcnts on woods
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EXPERIMENTAL PROCEDURE

Sawdust obtained from sawing selected air-dried wood free from bark,
knots, and compression wood, was cut to pass a YO-mesh screen in a Wiley
mill and extracted successively with cold water, hot 95 per cent alcohol,
hot alcohol-benzene mixture, followed by alcohol and then water, and finally
dried in the air to 5.5 per cent moisture content.

Table I gives the data for the effect of successive treatments on a
boiling water bath with 3 per cent sulfuric and oxalic acid, and also other
individvual treatments with sulfuric acid on spruce and maple sawdust. Table
II shows the effect of various other materials at the temperature of the
water bathe. The furfural determination was omitted because, as showvm by
Cohen and Harris (2), practically all the furfural-forming material was des-
troyed by contact with acid. Five hundred cubic centimeters of the acid
solution were used for the extraction of each 2 grams of wood. All extrac-
tions were carried out in groups of six for each series of extractions and
the average of these was takon. The acid extract was filtered from the
sawdust while hot, since cooling caused a precipitation of some of the dis—
solved material.

Table III gives the lignin and ccllulose analytical valucs obtained
upon maple wood after treatment at 8.436, 9.49, and 10,545 kg. per sg. cm.
(120, 135, and 150 pounds per squarc inch) steam pressurc in sulfuric acid
2% concentrations from 1 to 7 per cent, in water, and in 3 per cent oxalic
acide

DISCUSSION

Examination of Tables I and II shows that pretreatment of either
softwood or hardwood with dilute sulfuric or oxalic acid removed lignin os
well as carbohydrate materinl. Spruce wood, which had been extracted by
six %-hour treatments with 3 per cent sulfuric acid, lost 16.8 per cent
of its lignin. (No record was made of the loss at the end of the fifth
3-hour treatment.) Three treatments with 3 per cent oxalic acid removed
13.9 per cont of the lignin from spruce. Filtrates from the extractions
of spruce wood gave a precipitatc that was soluble in glacial acetic acid,
alcohol, and chloroform. The glacial acetic acid solution of this material
was pourcd into a large volume of water, which caused the material to pro-
cipitate again. This material contained 16.8 per cent of methoxyl ond
had propcrtiecs that indicated that it was lignin.

Maple wood lost 22.5 per cent of the lignin when heatcd 4 hours with
3 per cent sulfuric acid. When the heating was continued for 6 hours, some
of the lignin was agoin converted into an insoluble compound, since the
loss is slightly less than with a Y~hour treatment. Oxalic acid, during
six 3-hour treatments, removed 25.5 per cent of the lignin, which was more
than that rcmoved by the action of sulfuric acidl(g). Material precipitat-
) cd from the sulfuric and oxalic acid solutions on standing or on increosing
. the acid concentration was dissolved in glacinl acctic ond reprecipitated

by pouring into water. This matorial had the samc nethoxyl content (20.6

per cent) and other properties vhich indicated that it was lignin.
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Treatment with ammonium oxalate had about the same effect on the
lignin content as did extraction with water (see Table II). There was a
slight 1ldss of lignin.

Sodium sulfite solution also removed lignin from wood. This may be
accounted for by the alkalinity of the solution. Barium hydroxide removed
less because the barium derivative of lignin is insoluble.

Fifteen per cent sulfuric acid dissolved less lignin from wood than
did 3 per cent, perhaps because the higher concentration depressed the
solubility of the lignin.

Hydrochloric acid also had the property of removing lignin; the
lignin content was lowered almost 15 per cent by treatment with 2 per cent
acid for 3 hours at 90° C.

When the hydrolysis took place under pressure, as shown in Table
III, a loss of lignin was observed at the lower concentrations of acid and
lower pressures. Increase in acid and increase in pressure caused a repro-
cipitation of some of the lignin and also the conversion of some of the
carbohydrates into a ligninlike residue that was isolated with the lignin
and, consequently, gave a residue with a low methoxyl content.

This work shows lignin to be soluble in dilute acid solutions.
It may be precipated by long heating, heating under pressure, or increas-
ing the acid concentration. Extraction of lignin—-containing material
with 3 per cent acid, sodium sulfite, and other salts or bases removes
lignin and should be avoided if an accurate determination of the lignin
content of a sample of wood is desired.
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Taere I. Errecr oF Acip PRE-BXTRACTION ON SerUCE AND Marre Woop

Total Aloohol-
Time Bensene- Loss

of Water by o MeO MeO Caloulated
Treat- Extrac- Treat- Lignin in .in Loas of
Wood Treatment ment tives® ment® Content® Wood® Lignind Lignin®.®

Hours %o % % % % %
1. Bpruce extracted with alechol-benzene and eold water v 4.3 i 27.47 e 16.6 e

24 0. 1 + 3 hours on boiling water bath with 3% sulfurio acid 3 - 24.0 26.4 6.46 16.5 3.85

3. No. 2 + 3 hours with 3% sulfuric acid 6 28.0 25.5 6.25 16.4 6.95
4. No. 3 + 3 hours with 3% sulfuric acid 9 30.2 24.9 5.87 15.1 9.5
5. No.4 - 3 hours with 3% sulfuric acid 12 33.9 23.7 5.34 15.0 13.9
6. No.5 4+ 6 hours with 3% sulfurie acid 18 37.0 23.9 4.95 14.8 16.8
7. Spruce + 3 hours with 3% oxalie acid 3 o 16.65 26.1 16.5 4.7
8. No. 7 spruce + 3 hours with 3% oxalic acid 6 .o 24.2 24.0 16.4 11.5
g. No 8 f 3 hours with 3% oxalic acid = 28.4 23.7 16.4 13.9
10. No. 9 + 3 hours with 3% oxalie seid 12 28.7 23.7 16.0 “er
11. .lo. 10 4+ 6 hours with 3% oxalic acid 18 i 20.0 23.7 15.9 e
12. Maple extracted with aleohol-ben: and water i 4.07 4.07 22.756 20.4 -
13. No. 12 4 4 hours' boiling with 1%, sulfurie acid 4 . 23.0 19.85 20.5 12.2
14, No. 12 + 1 hour's boiling with 8%, sulfuric acid 26.7 19.10 20.3 16.0
15, No. 12 + 4 hours' boiling with 3%, sulfurie acid 4 36.4 17.6 20,2 22.5
16. No. 12 + 6 hours' boiling with 8% sulfuric scid 8 34.8 17.75 20.0 22.0
17. No. 12 + 3 hours’ boiling with 3% oxalic scid 3 25.5 20.3 8.60 20.3 10.5
18. No. 17 4+ 3 hours’ boiling with 3% oxalic acid ] 31.5 18.5 5.95 20.4 18.5
19, No. 18 + 3 hours’ boiling with 3% oxalic acid 9 32.6 18.3 5.48 20,3 19.5
20, No. 19 4+ 3 hours’ boiling with 3% oxalic acid 12 36.0 17.4 5.40 20.5 23.5
21. No. 20 + 6 hours' boiling with 3% oxalic acid 18 38.0 16.9 5.40 20.0 25.5

& Percentages are caloulated from unextracted oven-dried wood.
13 Peroemnfen based on isolated lignin.
L oss of lignin (due to treat

Original lignin (after alechol-benzene extraction)”

Taere II. Errpct oF PRE-EXTRACTION WITH Acip, SALTS, AND
ArLEant oN LigNIN DETERMINATION OF MAPLE WooD

(On boiling water bath)
Lignin
Loss by Based
Holvent Loss by on MeO
Extrae- Treat- Ovréﬁml in
Treatment Time tion ment ood Lignin
Houra %% 7 % [
Alechol-benzene extraction ... 4.07 4.07 22.7 20.4
1% ammonjum oxalate 4 e 2.4 22.5 20.5
295 ammonium oxalate T 12.1 21.0 20.4
29, godium sulfite 3 i1.8 20.7 20.4
- 0.5% barium hydroxide 6 10.8 21.2 20.4
16%, sulfuric soid 3 25.9 21.2 20.5
2% hydrochlorie acid 3 24.3 19.4 20.3

TasLe III. ErrFect oF HYproLysis on LigNmN AND CELLULOSE VALUES IN MAPLE WooDn

120 Pounds' Pressure, 30 Midutea Sk 135 Pounds’ Pressure, 30 Minutes 150 Pounds' Pressure, 30 Minutes
th- Meth- ) Meth-

Ex- Hy- oxyl Ex- Hy- Ex- - ek
g T . A B g ou hrh

- g~ ag- i man 1 - ig- Lig- 1g- - ig- ig- i

Treatment No. w;ld l.:;:i’e|l nin®  pink nfx; No. v{ood lc:eﬂ n{gﬂ nig i:fn ﬂlzfg.t Eg:d lcll;lal #ilgﬁ Ej]:sb l]:ng;

% %

L% suluas hd 473 64,95 32.5 21.1 2?3 e e e o e
ydrolysis - . ; : ; 485 63.70 68.0 33.3 21.2 20.5 y ;
207 mcid 474 62.30 61.0 36.2 22.5 20.3 488 61.83 63.0 37.1 22.0 20.2 igg 33%“; 2‘{‘% 3%.2 %3,2 s
39 acid 475 60.10 53.6 37.6 22.6 20.3 487 59.81 61.0 39.0 23.3 20.0 494 58.24 58.5 41.5 24.3 19.8
4% acid 476 58.95 57.1 39.8 23.4 20.0 488 5874 58.5 41.1 24.1 19.5 495 57.20 55.4 44.8 258 ..
5 :2;3 477 56.90 55.8 41.8 23.8 19,7 gg gg.g gg,g ig.o 255 19.2 498 56.55 52.5 47.2 26.2 18.5
i i i 3 : : .4 256 18.0 497 54.03 49.4 50.0 27.3 ..

7%, acid 484 54.18 52,0 46.6 25.4 18,4 401 54, : 3 0 -57. ; 5.
% 8 M BB B e Bs B4 Al 500 49_? 5?'2 23',3 17.5 498 52.00 43.0 -57.0 29.8 15.9
3% oxalic acid 499 68.37 63.0 33.8 22.9 20.7 ; s Be s M

& Per cent cellulose and lignin yields based on oven-dry residue aft: ; 5 l.
b Per cent lignin based on weight of original woed. v Arbdealysin
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