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This is a continuation~in-part of my copend 
ing application Serial No. 457,236, ?led Septem 
bar 3, 1942, now abandoned. 
This invention relates to the processing of 

Wood for hydrolyzing the same and the produc 
tion of an improved completely dried hydrolyzed 
,wood. The product is characterized by being 
substantially devoid of water soluble extractives 
produced by ,acid" hydrolysis and further sub 
stantially devoid of organic solvent soluble ex 
tractives, either normally present or produced 
by the hydrolysis. Such a completely dried‘ 
product has numerous advantages, among which, 
may be mentioned the ease with'which a poten 

, tially reactive'resin may be incorporated'in the 
sametand' the stability of the wood product when 
exposed to moisture. 
The primary object of the invention'is the 

provision of an improved rapid, economical and 
reliable process for producing such a completely 
dried hydrolyzed wood in massive or comminuted 
form, or in the form of powderor ?our suitable 
for molding purposes. This process employs 
(1) hydrolyzing during which condensates from 
the steam and'products of the hydrolysis reac-, 
tion soluble therein are constantly removed from 
contact with the wood and from the treating 
chamber, and (2) the drying of such hydrolyzed‘ 
wood in an atmosphere of an'organic drying 
medium which is a solvent for organic solvent 
soluble extractives produced by the hydrolysis 
or already present in the wood whereby the‘ same 
are removed from the wood. In other words, the 
process assures that the condensates from steam_ 
and hydrolysis products soluble therein are con 
tinually removed during hydrolysis whereby such’ 
valuable by-products may be recovered in a form 
free from degradation and that objectionable 
organic solvent soluble extractives produced by 
hydrolysis or already present are simultaneously 
removed in the drying operation incident to 
forming woocl'having a zero moisture content. 
In the manufacturerof hydrolyzed products in 

accordance with the invention “ from Wood in 
the form of structural lumber, plywood and 
comminuted wood and similar materials, the 
same is subjected to a'vapor treatment with either 
steam containing small amounts of hydrochloric 
acid, as a'c'atalyst, or steam with small amounts 
of aniline to produce mild hydrolysis 'for the 
purpose of removing hemicelluloses. After this 
vapor treatment, pressure with air or inert gas 
may be built up in the wood in the treating cham 
her; The treating chamber is then’ filled with 
water still maintaining the pressure of inert gas 
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or air, as in the Rueping process (see United 
States Patent No. 709,799, Reissue No. 12,707, 
and Patent No. 1,008,864). Water is driven into 
the wood by employing a higher pressure, and 
this water serves to wash out the hydrolysis prod 
ucts on the release of the pressure and institu 
tion of vacuum or suitable reduced pressure con 
ditions. One or more of these cycles may be em 
ployed for completely washing out the hydrolysis 
products from the wood. The wood may then 
be dried byemploying vapor phase drying, as 
described in my Patent No. 2,273,039 and my 
application Serial No. 579,851, now’ Patent No. 
2435218, using a suitable drying medium such 
as Stoddard solvent. As disclosed in my above 
identi?ed patents, in e?ecting, dehydration of 
wood any suitable organic material which can 
be vaporized and which vapor-will permeate wet 
wood and ?ash-off the moisture content thereof 
without deleteriously affecting the wood may be. 
used. There are numerous and practically un 
limited examples of suitable materials, but rep 

satisfactory materials 
are as follows: ' ' 

Organic compounds, whether saturated or un 
saturated, chain or cyclic, and any of their hom 
ologues that might be suitable for this procedure, 
such as alcohols, ethers, amines, acids, aldehydes, 
ketones, esters, halides, cyanides, sulphides, poly 
hydric alcohols, anhydrides such as phthalic and 
nitro compounds; of which theyfollowing are ex 
amples: ‘ ' 

n-Decane 
n-Decyl alcohols 
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niDecyl amines 
n-Decyl esters 
n-Decyl' halides 
n-Decanoic acids 
n-Decyl ketones 
n-Decyl 'aldehydes 
n-Decyl cyanides 
n-Decyl sulphides 

, Preferred examples of suitable, organic drying 
' mediums are creosote, petroleum distillates, coal 
tar, wood tar or wood distillates, and the fol 
lowing: -. ' / 

Aromatic hydroxy compounds: 
I Phenols ~ 

Cresols 
, Xylenols 

High boiling acids-Oleic 
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High boiling alcohols: 
Amyl 
Isopropyl 
Isobutyl 
Diethylene glycol 

' Glycerol 

Aldehydes: _ 

Butyric aldehyde 
Benzaldehyde 
Crotonaldehyde 
Furfural 

High boiling amines: 
. Aniline 

Dimethyl-aniline 
Mono-, di- and tri-ethanolamines 
Pyridines 
Quinollnes 

High boiling esters: 
Butyl acetate 
Amyl acetate 
Butyl lactate 
Dlbutylphthalate 
Diamylphthalate 
Glycol monoetnyl ether acetate 
Isopropyl lactate 
Octyl acetate 
Diglycololeate 
Glycol stearate 

High boillng ethers: 
Diamyl ether 
Diethylene glycol monoethyl ether 

Halides: 
Chlorobenzenes 
Chlorinated phenols 
Nitrochlorobenzenes 
Ortho-dichlorobenzenes 
Ortho-nitrochlorobenzenes 
Para-dichlorobenzenes 

Nitro compounds: 
Nitrobenzene 
Ortho-nitrotoluenes 

Hydrocarbons: 
Benzenes 
Toluenes 
Mesitylenes 
Cumenes 
Naphthalenes 
Diphenyl 

Ketones—Benzophenone 

Furfural or other resin forming material may 
be used as the drying medium if it is desired to 
leave in the wood resinous condensation products, 
i. e., to incorporate a synthetic resin in the wood. 

In the manufacture of hydrolyzed products, 
by means of acid hydrolysis, in accordance with 
this invention, from coinminuted Wood the ma 
terial is wetted with a solution of ‘a mineral acid, 
e. g., sulfuric acid of about 1% strength and 
subjected in a rotating basket in 'a ‘closed cyiim 
der to the action of steam at a temperature of 
340 to 360° F. (105 to 135 lbs/sq. in. gauge pres 
sure) for a period of 20 to 40 minutes, depending 
on the particle size of the commlhuted wood and 
the lignin content desired in the ?nal product. 
The steam pressure is then released through a 
line in the bottom of the treating cylinder so that 
condensates and drainings from the WOOd, which 
contain sugars, furfural, ‘and other by-products 
are forced into a condensate ?ash tank in which 
there is a line in the vapor space leading to the 
atmosphere. By releasing the pressure. in the 
flash tank to the atmosphere the hydrolysis 
liquor containing sugars and non-volatile sub 
stances is concentrated. The steam being re 
leased is lead through suitable ‘heat exchangers 
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4 
both for the purpose of recovering heat and 
steam volatile thy-products such as furfural and 
acetic acid by condensation. 
When the pressure in the cylinder has reached 

atmospheric, wash Water may be introduced and 
the hydrolyzed wood product washed by rotating 
the basket. After each washing period the Wash 
water is drained 01f and a spray of Wash Water 
directed on the rotating basket from a spray line 
provided in the cylinder. - washings in ‘the man 
ner described are continued until the hydrolyzed 
product is free of hydrolyzing acid and products 
or hydrolysis. A. satisfactory indication of this 
point is when a distilled water sample in which 
a sample of thehydrolyzed wood has been boiled 
snows a pH of 5.0 to 6.0. 
The washed hydrolyzed product may then be 

vapor dried in the same cylinder by subjecting 
it to the action of the vapor from a boiling hydro 
carbon, such as Stoddard solvent,'or other suit 
able organic drying or drying and impregnating 
medium, introduced to the cylinder while ro 
tating the basket. The solvent may be removed 
if desired after drying has been completed by 
employing a suitable vacuum step. 
In the accompanying drawings, I have illus 

trated a preferred apparatus, but it is to be 
understood that this apparatus may be suitably 
modi?ed in order to carry out the invention 
within the scope of the appended claims. 
In the attached drawing there is shown dia 

grammatically the apparatus which I employ for 
processing of Wood or Wood products with the 
vapor-liquid method for the production of hydro 
lyz'ed wood. . 

In the drawing A vis a horizontal metal retort 
or cylinder such as, for example, a icreosoting 
cylinder. B is a cylindrical basket-like container 
for Wood shavings, sawdust, chips or similar me 
chanically disintegrated’ Wood substance. This 
basket is constructed of Wire mesh of suitable 
size ‘covering a rigid frame work l9. Spiral baf 
?es H are arranged within this frame work to 
aid in mixing the material when the basket is 
rotated. The numeral l2 indicates an engaging 
device such as a female gear to accommodate a 
gear I3 on the shaft M which passes through 
packing gland [5 to the sprocket i6 driven by a 
chain I’! ‘from motor [8 and serves as a means 
for slow speed rotation of the basket B. The 
numeral l9 indicates a bearing on the cylinder 
B which receives the stationary shaft 20 on the 
door of the retort. When the door of the retort 
is-closed the shaft 28 vand bearing I9 support the 
cylinder B in cooperation with the rotating sup 
porting means [Sand l4. 

Rollers 21 supported on cylinder A, Which‘con 
tact circular tracks or hands ‘22 forming part of 
frame work‘ 18 on cylinderB, serve to align and 
support the basket during rotation. Suitable 
lever "operated rollers (not shown) may also be 
arranged for shifting to contact longitudinal 
bands '23 of frame work l8 and thus support 
basket B for loading or unloading from cham 
ber A. ' ' 

The cylinder A is connected through ports ‘a, 
b ‘and c to vapor line LV—I which connects 
through valve 24 to evaporator or boiler C. The 
nipples from the line LV—I through ports a, b 
and c are extended into the cylinder about 4" 
to prevent drain back: of condensate in the cylin 
der to line LV—!. Through ported, e and f the 
cylinder is connected to vapor line LV~2 having 
valves 25 “and 26 ‘to line LV~—3 leading to de 
phlegma'tor D or the 7 cylinder is connected 
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through line LV—4 having valve 21 Ltofcon 
denserEL' J ' .' ' .. 

The evaporator C is equipped with heat trans-. 
fer coils 28 through which any suitable vheat 
transfer medium such as heat transfer oil is cir 
culated. Pump 29 circulates heat transfer oil 
through the heat absorber 30 through line HL-l 
to the coils 28. The oil is discharged from the 
evaporator into line HL—2 and returns to the, ' 

. The following example is illustrative ofthe 
manner of using this apparatus to produce hy 
drolyzed wood of high lignin content. - ~ - - ' 

10 

,Comminuted wood, e. g., wood chips having a . 
thickness ofwabout- %" and lengthvin the grain 
direction of the wood of about 1A,’! are loaded 
into the basket B. The'basket is then placed 
invthe cylinder A as‘shown in-the drawing, and 
the door is closed and bolted. I A solution of sul 
furic acid, of about 1% strength, is forced from 
a suitable storage, not shown, through line LL—9 
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having‘valve Slyby a pump, not shown, through ' 
valve 32, pump 33, ‘and valve 34 to spray line 
SL—l and spray header 35; the acid solution 
being sprayed on the basket and its contents dur 
ing slow rotation of the basket. When the com 
minuted wood in the basket has-been saturated 
to'the desired extent withacid, as may be deter 
mined by gauging the tank from which the acid 
is beingdrawn, the pump is stopped and valves 
3], 32 and 34 areclosed. During the spraying 
operation any of the acid solution not takenup 
by the ‘wood may be allowed to drain from the 
cylinder to tank, F by opening valve 36 on line 
LL-,-l._ It may then be returned to storage by 
opening valve 3‘! on line LL—II, by a suitable 
pumping means, not shown. Thecylinder AAis 
then connected to the atmosphere through line 
LV—2 by opening valves 25 and 21 to condenser 
E and valve 33 on line LV—5. Steam is then 
introduced to, the cylinder from the evaporator C 
:(which in this case may be a simple steam boiler) 
by opening valve 35 on line LV—_I. Assoon as 

I the air in the cylinder has been displaced by the 
steam, as will be shown by live steam being dis 
charged, from line LV—5, valves 25, 21, and .38 
arethen closed. Valves 39 ‘and M are then 
opened, the steam passing from the evaporator 
through lines LV—‘I, LV--2 to the cylinder A. 
Steam pressure in'the cylinder A thereby‘ rap 
idly ,in'creased to 195-135 ‘lbs/sq} in;, which 

, usually requires fromB to 5 minutes“ During this 
time" the basket B is‘ kept rotating at ‘a rate of 
Std-15R. P. M. Valve 36 is partially opened to 
allow condensate containing reaction products 
from the'wood to drain into condensate tank F, 
'valve it! on line LVV—-S being opened‘to condenser 

In. this manner condensates from the‘cyline 
der A‘ is being continually removed from the 
hydrolyzing theater and is being concentrated in 
tank F by the ?ashing oif of steam and steam 
volatile products to the condenser E which may 
be operating also as a heat exchanger to recover 
heat fromithe steam. 'In lieu'of the manually 
operated drain valve 33am automatic conden 
sate discharge trap may be employed to transfer 
the condensate fronr'the cylinder A to'th'e con 
den'sate tankF. . ~ > 

The conditions of temperature (340° F. to 360° 
F.) and pressure (195 to 135 lbs/sq. in.) are 

" maintained in the cylinder for the necessary time 
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dried usingthe apparatus shown in the attached - 

65 

70 1 

required to give the desired lignin content in the . 
?nal product. About 20 to 30 ‘minutesunde’r'the 
operating conditions described above will yield a 
product having a lignin content of 740 to 45%. 5 

6 
At ‘the endofl .this'itime valves i39land 49 are 
closed and valve 35' is closed after being opened 
for a short timeto assure complete dischargeiof 
condensate from the cylinder. vPressure is then 
released by opening valves 25 and 25 to heat ex 
changer D, the steam and steam volatile prod 
ucts passing from the cylinder to D through lines 
LV-2 and LIV-6. Wash water, needed later, 
may be heated by passing it through line LL--2 
having valve 42 to the tube section-of heat ex 
changer D, during this pressure releasing opera 
tion. The .wash water may be circulated from a 

‘suitable. storage, not shown, by means of a 
‘pumping means, not shown, entering the heat ex 
changer D through line LL-Z and passing 
through the. tube section of D to a suitable dis 
charge line, not shown, returning to the wash 
water storage. , _, 1 . - 

4 Condensate forming in.D may be allowed to fill 
that heat exchanger and spill over to condenser 
E by opening valve 43 on line LV-l2. 
Condensation of steam and steam distilled by 

products from the wood occurs in condenser E 
when water is introduced to the tube section of 
that condenser by suitable means, not shown. 
The condensate is collected in condensate re 
ceiving tank H and may be transferred there 
from to a volatile by-product storage or tosuita 
ble fractionating equipment, not shown, through 
line LL—5 having valve 44. 

Release of pressure from the cylinder A is usu 
ally completed in a matter of from 5 to l 10 
minutes. '_ ' , 7 

When the pressure in the cylinder A has 
1 reached atmospheric, heated wash water at a 
temperature of 140 to 160° F. is pumped into the 
cylinder from a suitable source through line 
LL—9, having valve 3i, valves 32' and 35 being 
‘opened.’ The wash water enters thecylinder 
through spray line SL—l and spray header ‘55. 
By rotating the basket the hydrolyzed wood 
product is brought into intimate contact'with the 
wash water which serves to accomplish rapid 
washing of acid and hydrolysis products from 
the wood. Between washings,"whioh usually re 
quire about‘30 minutes ‘to l'hour, the wash water, 
is drained from the cylinder by opening a suita 
ble discharge, not shown, on‘the bottom of the 
cylinder. At the-end-of such periods of draining 
wash water may be sprayed on the basket and 
contents and the latter allowed. to drain for a 
short period thereafter before introducing water 
for the next. main washing cycle. 
a About 3 or- 4 such washinQg-cycleswill be found 
sufficient to remove the acid and hydrolysis prod— 
ucts, a total of 10 to 15 thousand gallons of 
wash water per ton of dry hydrolyzed wood, de 
livered in 3 or 4 ‘wash-ing'cycles, are required for 
the, washing. a a 

The damp hydrolyzed product is then vapor 
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drawing in accordance with. the methods 
scribed ‘in my Patent No. 2,273,039 and my 
plication Serial No. 579,851. 7 Operation of‘ 
apparatus for drying is the same as that 
scribed in the application Serial‘No. 579,851 
cept that the wood is contained‘ in a rotating 
basket ‘instead of on trams which applies in the 
case of massive wood. 
The apparatus shown in the drawing may be 

used for hydrolysis of wood by vapor treatment 
with water acidi?ed with small amounts of H61 
to prepare it for subsequent treatment with ani 
line andfurfural to produce ligno-cellulose plas 
tic molding powders as described in U. S. Patents ' 

luv- ' 
VA 
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Nos. 1,923,756 and‘1~.,932,255.. After hydrolysis. 
the material may be washed in. the. cylinder B 
and subsequently dried by introducing. vaporized; 
aniline or furfural. Drying by means; or. aniline. 
or an aldehyde in vapor phase. gives. a much. 
more thorough. and. uniform. distribution of: the 
plasticizer throughout. the. mass and the heating 
of the wood. at the; boiling pointof. the chemicals 
produces a much more stable ligninecelluiose ani 
line complex, or lignin-cellulose-iuriural plastic 
when the material is molded. . I . 

In preparing hydrolyzed: products from. either 
massive timber or comminuted. wood‘. according. 
to the present. inventiom. where:- drying. is re 
sorted. to, this is carried outv in accordance with 
my aforesaid patent and. applications; to» substan 
tially zero moisture content. ‘ 
The hydrolyzed products obtained, whether 

from massive timber or comminuted- wood, are 
completely dried and are identi?able because 
they are substantially devoid of- water soluble 
extracts such as hexose sugars and furi'ural- pro 
duced by the hydrolysis action. Moreover the 
hydrolyzed products are further identi?able by 
being substantially devoid of organic solvent sol 
uble extractives such‘ as Wood gums and resins, 
either normally present or produced by said hy 
drolysls because these are removed when the 
treated wood‘ is completely dried with an organic 
vapor which is a solvent for such extractives. 
To the dried comm-muted wood treated as 

above there may be incorporated a potentially 
reactive synthetic resin. Among such resins are 
those obtainable from phenol-aldehyde, amine 
aldehyde, urea-aldehyde, Glyptal and cumarone 
resin components‘. Prererably about 2:» % by 
weight or the potentially reactive synthetic resin 
is introduced to the comminuted wood which may 
in some cases be further reduced in size so as 
to pass through a 20 mesh screen or smaller. In 
this manner a heat moldable or heat compress 
ible composition is formed. 

It will be observed that condensates from. the 
steam and products of the hydrolysis reaction 
soluble therein are continually removed as formed 
from contact with the. wood and by removing 
these condensates from the treating chamber and 
lowering the pressure. and temperature condi 
tions surrounding them, for example as in the 
?ash tank F, the usual degradation which occurs 
when these products are left in the. environment 
of the treating conditions in. the chamber A is 
largely prevented and the by-products. are in a 
much more usable and valuable form. . 

After the hydrolysis treatment the; wood is 
usually washed with water and in the case of com 
minuted wood as much water expressed there. 
from as possible before the same is: introduced 
to the vapor phase drier. This vapor phase dry 
ing with an organic vapor. as set forth. in my 
above mentioned patents, not only produces a 
completely dry wood but, as mentioned above, 
removes the organic solvent soluble extractives 
produced by the hydrolysis, or already present in 
the wood. These wood gums, although. being 
resinous in nature, are, as a. rule, not'generally 
miscible with synthetic resins and hence will 
deter the latter from readily wetting and pene 
trating the wood in the most satisfactory manner 
and furthermore such wood resins are generally 
hygroscopic in nature. although notv water soluble 
and hence are poor binding agents. Therefore it 
is desirable that these wood gums or resins be 
removed. ' 
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1. The process of hydrolyzing wood which come 
prisesz: treatingthe: wood in a. closed chamber; with 
steam in the. presence. of an acid catalyst and 
simultaneously with. hydrolysis: of the Wood: re 
movingirom said chamber the condensate. from 
the steamandproducts- of they hydrolysis reaction 
soluble ‘therein. 

2-. The. process of. hydrolyzing, wood which. com. 
prises treating the wood in a closed chamber with 
steam’ in. the presence of. an acid. catalyst-and 
simultaneously- with hydrolysis of the wood- re 
moving from said chamber the condensatesfrom. 
the steam and‘. products of the. hydrolysis reaction 
soluble therein, and thereafter removing organic 
solvent soluble extractives. produced by the. hy 
drolysis together with such extractives already 
present in. the wood while; drying to. zero moisture 
content with an organic solventv vapor. 

{is The process. of hydrolyzing wood. which com 
prises. treating the same. in comminuted COIldie 
tionin. a closed. chamber with steamin thev pres. 
ence of an acid. catalyst and simultaneously with 
hydrolysis. of the-wood removing from said cham 
ber the condensates. from the steam and products 
of the hydrolysis reaction soluble therein, wash 
ing said? hydrolyzed wood. with water, and there! 
after removing organic solvent: soluble. extractives 
produced by the hydrolysis together with such 

1 extractives ‘already present in the wood while 
drying to zero. moisture content with an organic 
solvent vapor. ‘ a 

4. The process of hydrolyzing wood which oom 
prises treating the» same in comminuted- condi 
tion in a closed chamber with steam in the pres 
ence of an acid catalyst. and simultaneously with 
hydrolysis of the wood removing from said cham_. 
ber the condensates from the steam and products 
of the hydrolysis reaction soluble therein and 
recovering the said by-products' of the hydrolysis 
continuously as formed during hydrolysis of the 
wood, washing said hydrolyzed wood withv water, 
and thereafter removing organic solvent soluble 
extractives- produced by the hydrolysis‘ together 
with such extractives already present in the Wood 
while drying to zero moisture content with an 
organic solvent vapor. 

5. The process oftreating wood which comprises 
wetting the wood with a dilute mineral acid, 
subjecting the wood in. a. closed chamber to the 
action of live steam and simultaneously with said 
treatment of the wood removing from contact 
therewith the. wood condensates and reaction 
products of the treatment soluble in said con 
densates, subjecting the treated Wood to washing 
with. water, expressing the. Water from the washed 
and. treated wood, and drying-the washed and 
treated wood in the presence of an organic dry 
ing medium in vapor phase which is a solvent 
for. the organic solvent soluble. products produced 
by the. treatment as. well as such products already _ 
present in the wood. 

6-. A. wood treatmentv process. comprising wet. 
ting disintegrated wood particles with a dilute 
mineral acid, subjecting said wood particles, in. a 
closed chamber to the action of live steam, main 
taining said steam treatment at a- temperature 
of about 340° F. to 36.0” F. for a time suf?cient 
to give the desired lignin content in the treated 
wood, washing the time treated wood particles 
with water to remove the water soluble reaction 
products therefrom, and drying; the washed wood 
particles. with heated, inert. organic vapor which 
removes the remaining water and the organic 
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. solvent solubles from the wood and e?ects thor 
ough drying of the wood. 
7 7. A process of treating wood to render it suit 
able for resin impregnation, comprising wetting 
the wood with a dilute solution of a mineral acid, 
subjecting the wood in a closed chamber to the 
action of live steam, continually removing the 
wood condensates and reaction products soluble 
therein from said chamber so as to avoid degrada 
tion thereof, continuing the steam treatment until 
the desired lignin content in the wood is obtained, 
washing the thus treated wood with water to 
remove water solubles, and then drying the 
washed wood by passing through said chamber a 
flow of highly heated, inert, organic drying vapor 
that removes the moisture and the organic sol 
vent solubles from the wood. 

8. A process of treating wood to render it suit 
able for resin impregnation, comprising wetting 
the wood with a dilute solution of a mineral acid, 
subjecting the woo-d in a closed chamber to the 
action of live steam at a pressure of about 105 
135 pounds per square inch, continually remov 
ing the wood condensates and reaction products 
soluble therein from said chamber so as to avoid 
degradation thereof, maintaining the steam treat— 
ment at a temperature of about 340° F. to 360° F. 
until a lignin content of about 40% to 45% in the 
wood is obtained, washing the thus treated wood 
with hot water to remove water solubles, repeat 
ing this washing treatment a plurality of times 
and removing the wash water from the chamber, 
and then drying the washed wood by passing 
through the chamber a ?ow of highly heated, 
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inert, organic drying vapor that removes the 
moisture and the organic solvent solubles from 
the wood. , 

MONIE S. HUDSON. 
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