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INTRODUCTION 

History of Problem 

The known use of flax as fiber dates far "back into an­

tiquity. The scriptures give evidence of this fact, and Egyp­

tian mummies, embalmed about 1200 B. C , have been found wrap­

ped in fine linen. ]?rom that day to this only minor refine­

ments in the fiber preparation as a whole have been made. Wate 

retting followed by the necessary*and laborious spreading, 

beating, scutching and combing — all requiring much time and 

labor -- has been the only satisfactory method for preparation 

of this fibei£. Although the work which has been done on this 

process, and also on the spinning and weaving of linens, has 

brought the resulting textile to the stage of a fine art, 

only recently have any steps been taken to improve and speed 

up the preparation of the fiber. 

The new trend is to "cottonization". This term means 

the chemically breaking down of fiber strands to the ulti­

mate, or nearly ultimate, fiber. These fibers are very sim­

ilar to cotton, and in the ideal form, may be spun on cotton 

mill equipment. The main argument for the use of this new 

process is that flax mill equipment costs five times as much 

as cotton mill equipment, and flax mill production costs sev­

en times that of the cotton mill . However, though many in­

vestigators have studied this problem, it cannot be said that 

1. G-. A. L. Textile Manufacturer, 62,295(1936). 
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Xt has "been solved. At least-the solution from both, the sci­

entific and economic viewpoints has not been found. 

Treatment with various chemicals and mixtures of chem­

icals* with various techniques, have been tried. Many of 

these attempts are described in old patents, and in the sci-

entitle" literature. One described the use of IFH3, HagCOg, 

and soap* Another investigator3 mechanically separated the 

fiber from the wood, scalded in NagS, soap, and "Rosulfon" 

for l-§- hours before fermentation. This patent claimed fine 

yarns, but did not entirely eliminate the old type treatment. 

Also, Bassett4 used a 1% HgSO. solution, followed by 1% al­

kaline solution, and mechanical treatment. Another early 

reference described the use of urea, soda, Turkey Bed oil 

soap, and water. In this process, heat was supplied by 'in­

jection of steam, but temperature and pressure conditions were 

not described. The samples were washed in a neutralizing 

HgS04 bath. 

Summers used boiling Ifâ CÔ  and alkaline caseinate so-

7 
l u t i o n . An a r t i c l e which c la ims a b e t t e r f i b e r than t h a t 

produced by w a t e r - r e t t i n g d e s c r i b e s steaming in an au toc lave 

a t s e v e r a l a tmospheres p r e s s u r e , in the presence of "var ious 

hydrocarbons" . 

2 . French P a t . 368,585 (C. A. 2, 1363) . 
United S t a t e s Fat* 921,502 Jo. A. 3,, 2005). 

3 . United S t a t e s P a t . 1,004,136 (C. A. 6, 299). 
4 . United S t a t e s P a t . 1,046,538 (C, A* %. 707); 
5 . German P a t . 273,881 (C. A. J3, 2954). 
6 . United S t a t e s F a t . 1,127,311 (C. A. £ , 864). 
7. Jean Bybowskl. B u l l . Soc. d ' encour . Ind. H a t . , 

pp . 329-31 (19167TC. A:. 10., 2047). 



Simi la r r e f e r e n c e s are numerous. Among some of the more 
R 

r ecen t a r e : the use of IfaOH and K^C^Or,, followed by a neu­

t r a l i z i n g b a t h of d i l u t e H2S04; Na.OH'and NaHSG^, or STaOH, 
IsTagCOg, Naphth ionic Acid, and r o s i n , processed a t high tern-

Q 

peratures ; Sodium and Ammonium Sulfates, Phosphates, Citra­

tes, Oxalates, etc. ; and KaOH and HagSiOg, or 2% Ca(OH)2 

Researchers for the State Engineering Experiment Station 

have investigated the action of NaOH with and without pre-

treatment with HgO, at high temperature and pressure; the 

action of NagS; and mixtures of Ha^S and NagCO^ under similar 

conditions. They have also treated fibers with ^agS and 

KaoCO^, preceded by treatment with solutions of ammonium ox­

alate and acetic acid, all at high temperature and pressure12 

The best of these processes has produced fibers which 

can be spun on the cotton system as a mixture of about 50$ 

flax fiber, 5Q$ cotton fiber. Although some yarn of 100$ 

flax content has been produced, the difficulty of production 

and the quality of the resulting yarn prove that this process 

is not yet practical* 

8. United States Pat. 1,619,111 (C. A. 21, 1355). 
9. P. P. Budhikov. Paserstoffe und Spinnpflanzen, .5 43-6 

(C. A. 18, 755). 
10. British Pat. 296,333 (C. A. 23, 2581). 
11* D. I. Rudakov. Rekonstruktziyu Texstil. Prom., 11 No* 4 

33-42. (G. A. £7, 2306). 
12. Unpublished Notes of the State Engineering Experiment 

Station. 
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The ory 

Possibly more rapid advancement would "be made toward the 

perfection of chemical processing of flax if more were known 

of the composition and structure of the flax plant. The com­

plex chemistry of the component parts of the straw has caused 

most information to be of a microseupic rather than of a chem­

ical nature. The stem of the flax plant may be divided rough­

ly into three parts: the woody center, the layer of fibers, 

and the bark or cortex of the pl&nt (Figures 1 and Z) • 

The initial decortication was designed to Tpreak and re­

move the central woody part without appreciably damaging the 

fiber. This was done by means of sets of fluted rolls, which 

flattened and bent the straw. These rolls at the same time 

performed the function of deseeding the plant. Moving aprons 

now conveyed this crushed stfraw into the scutcher, a machine 

made up of three sets of reciprocating scutching knives. A 

shaking motion and an air blast removed much of the woody ma­

terial as it was crushed out of the straw. This woody mater­

ial is often referred to as "shive". 

The fibers themselves, before being stapled and process­

ed chemically, appear to the eye to be long, heavy fibers, 

Actually this length is artificial, because these fibers are 

a composition of aggregate bundles of ultimate fibers, longi­

tudinally overlapping and held together by pectinous gums. 

For this reason, breaking these bundles down to the ultimate 

fiber by the chemical process is often referred to as "degum-

ming". 



Eig . 1. 

Q.ross-sect ion of F lax Straw 
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Deta i l ed Diagram of G r o s s - s e c t i o n 

.(Reproduced from Marsh and Wood, I n t r o d u c t i o n 
to the Chemistry of C e l l u l o s e , p~̂  8) . 
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The nature of these, gums is obscure and little known, 

Pectic substances compose the greater part of them, along 

with waxes, hemicelluloses, protopectin, lignin, and other 

matter. Pectin and hemicellulose both react with alkalis, 

the former as a degration process, the latter merely to form 

1^ a solution . 

Probably the other materials of which the gums are com­

posed are also attacked by hydrolysis, degradation, or solu-
14 

tion, in a similar manner • It is also true that too strong 

a caustic solution will attack the cellulose itself, which 

is an unfavorable reaction. When the cellulose is-thus at­

tacked, the fiber is weakened and often degraded to a point 

where it cannot resist the action of the subsequent mechani­

cal processes. 

By referring to the list of processes used by previous 

investigators (pages 2 and 3), one may see that the use of 

caustic solutions is greatly predominant. Also the fact 

should be noted that Ea0S and HaHSO ' have been well investi-

gated. A reducing action has been found favorable, probably 

13* Herman. Biochemistry of Cellulose, etc., p. 95. 
14. Schorger. Chemistry of Cellulose and Wood, pp. 145-47. 
15. -Ibid., p. -268. 

because of the tendency for cellulose to be converted to oxy-
15 

cellulose in the presence of alkali and air . As far as 

possible all air ahould be excluded from the reaction. 
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Purpose of Investigation 

Many of these investigations referred to here were made 

with equipment using no agitation, but were processed in an 

open vessel or, when high pressure technique was used, in a 

simple, unagitated autoclave orHkierM. Other methods used 

circulation of the liquor, or a rotating digester, 

These methods of agitation have the disadvantage of un­

even contact between the processing liquor and the flax fi­

bers* An attempt, therefore, has been made in this investi-

gation to improve these methods by designing an autoclave 

with an agitator driven from an external source of power, a 

plan which allows the flax fibers to move about in an inter­

nal basket through the processing liquor, rather than moving 

the liquor through the charge, 



METHODS OF STUDY 

Design of Equipment 

In calculating the thickness of shells of the autoclave, 

it was decided to make the walls at least 5/8w thick,, to in­

sure against flaws in casting. The greatest stress is caused 

by the internal pressure• Therefore, the minimum theoretical 

thickness was calculated "by means of the equation16: 

-H 
150 x 17.25 

~ 2 x 13000 

= . 1 inches 

This calculation was checked by the equation17; 

p ' 1-1 

13000 _ _ Jg_ 
150 " 86-6 1-R 

r. 
R = .99 s -i ro 

rQ= 8 i M 5 , 8 # 7 1 i n S 4 
• yy 

T - r 0 - r i = = 8.71 - 3.625 = . 0 8 5 i n s . 

16. Boyd, Strength of Materials, 4th Edition p. 126. 
17. Perry, Handbook for Chemical Engineers, p. 1758. 



Nomenclature: 
/ 

P * pressure (#/sq. inch) 

D * diameter of shell (in.) 

T * Thickness of shell (in.) 
1R 

St
;* tensile strength (#/sq. inch) 
=- (13000-30000) 

R '»= ratio of inner to outer 

,. ri radius y~ 

Since a thickness of 5/8" is* great enough to satisfy-

either of these methods and allow a safety factor of from 6 

to 8, this thickness was used. 

The assembly and details of construction of this appar­

atus are shown in the enclosed photographs (Figs. 3, 4, 5.}. 

Some variation in agitating motion was allowed by the de­

sign of the agitation mechanism. Two types can be. used: first, 

a simple reciprocating vertical motion, and second, a reci­

procating spiral motion, including the vertical and a hori­

zontal motion. The former is induced by a cam, turned by the 

drive shaft, pushing alternately upward and downward on the 

collars attached to the agitator shaft. To the end of the 

drive shaft, by means of a connecting rod, is linked an ec­

centric crank mechanism, which turns the upper shaft. This 

upper shaft, in turn, by means of a pair of miter gears, im­

parts a reciprocating rotation to the agitator shaft. When 

18# Handbook of Chemistry and Physics, p. 1315. 



F i g * 3 
Assembled A u t o c l a v e 

A. Steam s u p p l y and gauges 
B» D r a i f i 
&• A g i t a t i o n mechanism 
D. Steam e x h a u s t 
S . A i r e x h a u s t 
]?. Water i n l e t 
G f . Thermometer 
H. A u t o c l a v e p r e s s u r e - g a u g e 
I . Motor and r e d u c t o r 



J*ig* 4. 

jfessesnbly of Basket 
and Agitation Mechanism 

3?ig. 5. 

Xflose-up of Agitation Mechanism 

A« Drive sprocket and shaft 
B. Gam and collars 
G# Crank and connecting rod 
D. Auxiliary shaft 
E* Miter gears 
F. Agitation shaft 



£oth drives are connected,, the resultant motion is a spiral 

reciprocating movement* When the crank is disconnected, a 

simple vertical reciprocating motion results. 

The basket which contained the flax fibers was fasten­

ed to the shaft by means of a coupling, and rotated with, the 

shaft. It was constructed of ̂ --inch mesh screen on a steel 

frame. In order to utilize as great a percentage of the 

volume as possible, the dimensions of the basket were chosen 

as 12-g- inches in diameter and 10-§- inches in height. Allow­

ance in a horizontal and vertical direction — 1-J- and 5 

inches respectively — was thus made for its motion. Actu­

ally two inches of this vertical distance is required by the 

coupling, shaft, and packing gland bushing, all three of which 

are between the basket and * the lid. Since the agitation 

mechanism was designed to'give a two-inch vertical motion, 

one inch was left to allow for possible sagging or slipping. 

These dimensional losses reduced the working volume from 

1.73 cubic feet to 0.79 cubic feet, or 59^. 

Power to drive this agitation was supplied by a i-horse-

power induction motor, with its speed reduced from 1750 to 

36.5 RJP.M. by means of a worm and gear. This speed proved 

to be very satisfactory. 
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.OPERATIONS 

Mechanical Operations 

Before examining the chemical process in detail, it may­

be well to summarize the mechanical processes which aid in 

the preparation of the fiber in its final form. Before it 

was processed chemically, the flax straw was passed through 

a decorticating machine. This machine, which has already been 

described, was designed by J. A. Grant, a former associate 

of the State Engineering Experiment Station, to remove most 

of the wood and bark from the straw. The straw after decor­

tication was "stapled", or cut into uniform lengths. Since 

the optimum fiber length for spinning on the cotton system 

i 19 
is from 1-g- to 2 inches , a'staple1 length for this study was 

chosen as 2 inches. The fiber was now ready for the chemical 

process. 

After i£ was cooked, washed, and dried, the flax was 

passed through three standard cotton-textile machines -- the 

"waste" machine, the picker, and the card. The resulting 

fiber was now in the finished form, ready for textile prepar­

ation. 
• -

19. State Engineering Experiment Station, Progress Report 
to T.V.A. 



p̂heoiical Process Procedure 

The possible variables in studying the chemical proc­

essing of flax are numerous, and many, such as temperature, 

time, liquor composition, and preeooking, have been investi­

gated by the State Engineering Experiment Station. 

The properties of flax itself may vary from one crop to 

another, affected by both location and climate. Also, it is 

possible that the stalks from any one field may vary to a de­

gree, and it is probable that the /properties of the butt end 

of the straw are different from those of the finer ends. All 

of the straw used in this investigation was taken from one 

bale of Oregon straw; yet it is believed that after being 

taken through all of the mechanical processes, before and 

after the chemical operations, if a sample were taken at 

random, it would,in all probability, represent the average 

of all flax processed. This' is the method used in the pre­

ceding investigations and the one used in the present study, 

The variables examined were liquor concentration, time 

of agitation, preeooking, and a few combinations of chemicals. 

The effect of liquor concentration was studied by varying the 

concentration through a range from 2% to b% Ma2S, repeating 

each run to change to the alternate method of agitation. 

The effect of the time of agitation was studied ^oy al­

lowing the time of agitation in a run to vary from 7-J- minutes 

to a full hour, or the total length of the process. In these 

operations, the liquor concentration (5%) ?;hich gave the best 

results in the first study was kept constant. 
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throughout th i s se t of experiments the f lax was f i r s t processed 

in water for one half hour a t the same temperature and pressure 

as the chemical t reatment . 

Concerning the third va r iab le , dupl ica tes of several of 

the experiments were made without precooking. The qual i ty of 

the f iber r e su l t i ng from these duplicate runs were contrasted 

with. the qua l i ty of the or ig ina l , to show the advantages or 

disadvantages of the pre- t reatment . 

Las t ly , since excel lent results , have "been obtained byt&he 

State Engineering Experiment Station using a combination of 

NagS (5%) and HagCOg (1%)$ t h i s combination was t r ied in the 

new k ie r , preceding i t by treatment with water, or d i lu t e so­

lut ion of ace t ic acid or ammonium oxala te . 

Throughout the inves t iga t ion-a time of chemical process-
* 0 

ing of one hour at a temperature above 160 G. was chosen as 
constant, because these conditions have been shown beyond rea-

PQ 
sonable doubt to give the best r e su l t s thus far obtained^ . 

The time required to bring a batch of f iber to temper­

ature varied from twenty to forty minutes. This time varied 

evidently with the amount of condensate in the l i n e s , a factor 

which gave trouble at times because the apparatus was at the 

end of a l ine often unused for long per iods . However, ca l ­

culat ions gave a value for U ranging from 260-300 B tu /h r . / f t2/°& 

The time for a run began at 160°C., but the temperature 

2®. State Engineering Experiment Sta t ion, Pr ogress. Re port 
to T.V.A. 
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continued to rise slowly all during the time, usually to about 

174°C. just before the end of the operating time of one hour. 

A hatch was either 2-§-# or 1^#, as it was found no recog­

nizable difference was caused by halving the quantity. This 

amount of flax was weighed in the basket, and suspended rigid­

ly to the agitation shaft. In many of the runs using "spiral" 

agitation, the batch was weighed out in two or three portions, 

and screens were inserted, separating these portions. This 

partitioning was an attempt to restrict the motion of the flax. 

Such a restriction prevents, or at least hinders, rolling of 

the flax fibers over one another, which is the cause of the 

tangling of the fibers. 

When vertical agitation was in use, the partitioning was 

not necessary, as this type of motion does not cause a roll-

ing but only a vertical alternate floating and settling of 

the fibers. This conclusion was drawn after studying these 

motions in an open tank. 

At the end of the processing period, the steam was shut 

off, the liquor charge blown out, and cold water turned into 

the vessel, all as quickly as possible, in order to lower the 

temperature and wash out any remaining chemicals in the fiber, 

and so stop the reaction immediately. Also, after being re­

moved from the autoclave, the fibers v/ere spread on a screen 

and washed gently to remove final traces of process liquor 

before drying. Drying was entirely atmospheric, no artificial 

heating•or air circulation being used. 
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-Jlethod of Measuring Quality of Fiber 

Actual numerical data based on theoretical considera­

tion nave so far been impossible to obtain. Irregularities 

in diameter of the ultimate fiber prevent a measurement of 

tensile strength, or the diameter itself without special in­

struments, which, were not available. Also the irregularity 

of the fiber length requires the study of a textile expert 

to give a conclusive,. estimation of the percentage of fiber 

broken to various lengths in each degumming process. 

Concerning the ideal characteristics of the fiber, Mr. 

R. L. Hill of the Textile Engineering Department has written: 

"In order to produce a yarn of good quality and 
strength, the cotton system requires a fiber of the fol­
lowing five characteristics. 
1. Small diameter (.0004",-.001"). The smaller the dia­
meter, the better the y;arn quality. 
2. Strength of about 100 grains per fiber. 
3. Length of at least lj? inches. The more uniform the 
length and the longer the fiber, up to 2", the stronger 
will be the resulting yarn. 
4. A certain roughness on the surface of the fiber, 
such as • the serrations or convolutions on the edges of 
the cotton fiber. This characteristic enables the 
fiber to interlock firmly in twisting. These fibers re­
sist sliding by each other when tension is applied, rais­
ing the yarn strength. 
5. Softness or silkiness of the fiber, This prevents 
the tendency of the fibers to break under the strain of 
picking and carding."^ 

Because' of the lack of standard numerical data on these 

characteristics, the fibers produced were compared by Mr. Hill 

to these ideal fibers. Each characteristic was graded with 

the corresponding ideal characteristic in mind, amd given a 

232. State Engineering Experiment Station, Progress Report 
to T.V.A. 
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letter grade accordingly. 

It cannot be said that this method is unimpeachable be­

cause the drawing of curves is prevented and deductions must 

be made from a relatively small amount of data. However, in 

previous investigations by the State Engineering Experiment 

Station it has been proved satisfactory. The fact must be 

kept in mind that the aim of these processes it to produce a 

fiber which is suitable for spinning on the cotton system. 

Therefore, the classification of the actual fiber in compar­

ison with the fiber wanted will show how closely we can ap~ 

proach the point from which we can move on to textile produc­

tion. 

The trend of these gradings also show the effect of 

Changes of variables in processing* It was by this means 

that the State Engineering Experiment Station researchers 

concluded that a processing time of one hour and a tempera-

o ture above 160 G. were the optimum conditions. They have 

also come to fairly definite conclusions concerning liquor 

composition, concentration, and precooking. The results of 

the investigation presented here are compared with those of 

the State Engineering Experiment Station. 
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MSCUSSION OF RESULTS 

Study of Optimum Liquor Concentrations 

As would be expected, variation of the liquor concen­

tration causes a very definite variation in the fiber qual­

ity. With an increase in ETagS content, the softness and diam­

eter improves, the length is impaired, while the strength 

passes through an optimum point in the concentration range 

of from four to six percent Ua.oS;* 

Table I shows this effect fairly clearly by means of the 

trend of the textile evaluation of these characteristics. 

The softness grades rose from C to B in the case of spiral 

agitation, and from D to B in the case of vertical agitation. 

The diameter rose from C to A in both cases. The length 

value dropped from 0 to D when spiral agitation was used, and 

from A to G in the case of vertical agitation. Comparing the 

length grade for aplral agitation with the length gra.de for 

the corresponding experiments using.vertical agitation, a 

consistent variation in favor of the vertical agitation can 

be noted. Further consideration is given to this fact later 

in the discussion. 

The trend of the strength evaluation is interesting for 

the reason that at low and high concentrations the fiber is 

weaker than at the intermediate points in the range. The 

type of agitation seems to have no noticeable effect on the 

strength of the fiber. This latter fact will also be shown 

gra.de
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in the next study. 

Balancing these qualities, the "best conditions for oper­

ation seemed to be at the five per cent concentration, which 

was chosen as constant in the agitation study. 

There are four points in this concentration study which 

are not in line with the trend of their respective character­

istics. These points are noted on the result sheet. They 

are not badly out, however, especially with the consideration 

that each variation is the effect of one or two per cent 

change of concentration, and that this variation, is deter­

mined by the eye and touch. 

These results agree with those of Mr. J". L. Taylor and 

22 
Mr. C. P. Goodyear , of the State Engineering Experiment 

Sta t ion, in whose work c i rcu la t ion of the l iquor was used. 

A five per cent ETâ S solut ion was a lso the best in the i r ex­

periments. 

State Engineering Experiment Sta t ion , Progress Report 

to T.V.A. 
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-Study of Types Of Agitation 

The most important and most marked indication "by this 

part of the investigation is that the length of the fiber is 

a function of its mechanical treatment during the process, 

The two types of agitation show quite different effects on 

the fiber quality. This fact can be seen by noting the trend 

of the length grade as agitating time increases. When spiral 

agitation was in use, the fiber length dropped off rapidly 

with time, but when the vertical agitation was used, there 

was no definite effect on the length of the fiber, the grade 

of which varied erratically throughout the set (Table II). 

The destruction of the length may be due to two factors: 

first, a more efficient contact between the liquor and the 

fiber; or second, a tangling of the fibers, causing the break­

ing of the fiber in the subsequent mechanical operations of 

the picker and card. The first is probably partly to blame, 

as a slight improvement in softness and diameter can be noted 

as the length falls, and it is not likely that this difference 

is caused by the mechanical processes. However, it is not a 

strong enough action to affect the strength of the fiber, and 

therefore, the amount of tangling may be considered to by 

the major factor. That the tangling did progress in the same 

manner was observed at the end of the runs using, spiral agi­

tation, and was almost unnoticeable v̂ hen vertical agitation 

was used. 

This tangling began around the outer edge of the fiber 
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mass, next to the screen "basket, and progressed inward as 

the time- lengthened. It would seem evident that since there 

at the outside of the basket, the fibers have a freer motion, 

this motion is the cause. Restriction of fiber motion by the 

insertion of screens at levels through the basket aided only 

slightly, an& at times the screens themselves became entan­

gled in the fibers. 

The best results obtained by any of the experiments were 

obtained with vertical agitation*used for the full length of 

the run. The length of the fiber, which was slightly short­

ened, was the only characteristic which was not up to spin­

ning grade, and since other runs in the series showed length 

of that quality, it should be possible to obtain textile 

grade flax fiber by this procedure, with a slightly modified 

raw material which would give, if not a better length, at 

least a more uniform length. 
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-Study of H20 Pre-treatment 

Table IIX shows a comparison of experiments made with, and 

without precooking with water at high temperature and pressure. 

The effect is more apparent at the higher concentration. This 

effect is to be expected, as the lower concentration would ap­

proach the water treatment as a limit. 

It is doubtful from the grades given to the length, that 

that characteristic is .much affected. The diameter is also 

little affected. However, the softness and strength, especial­

ly at the higher concentration, are affected. This effect 

shows up more in the case of vertical agitation, probably 

because in the case of the spiral agitation, the increased tan­

gling caused a more thorough action by the mechanical opera­

tions following, which action^ tends to nullify the variation 

in chemical treatment. 

The action of .this .precooking on the fiber is obscure. 

Observations made after cooking the flax in water and after 

drying showed that at that stage the fiber seemed to be only 

slightly attacked. The fiber felt extremely harsh and brittle, 

but there was little other apparent change. As the fiber 

cooked in water and when the liquor was blown out, there was 

present in the escaping vapor a malty odor of sour hay, which 

was probably due to the material extracted from the fiber in 

this part of the process. 

An observable difference in color was caused by the use 

or non-use of precooking, The grades do not show this differ-
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ence, because this grade is given on the amount of color, or 

effort required to bleach the fiber, and not the color itself. 

When no precooking was used, the resulting fiber was a tan col 

or, but when the pre-treatment was used, the fibers were 

bleached by the NagS to a silvery gray. 

No remarks about the color grades have been made hereto­

fore, as the color seems to depend more on other variables 

than those studied in this investigation. There was usually 

a black precipitate ' in the fiber, which washing removed more 

or less thoroughly. The amount of this sediment retained un­

doubtedly had much to do with the color quality. This qual­

ity can be improved by more efficient washing and bleaching. 

In fact, this color became lighter as the fiber dried in 

the air. 
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Studies of Chemical Combinations 

These results, as can be seen from Table IV, are comparable 

to those obtained by the State'Engineering Experiment Station. 

Operating conditions were not exactly identical, but the result­

ing variation in fiber quality was not large enough to place the 

cause. 

In the case of the water pre-treatment before the combined 

NagS - NagCC^ process, the decorticated fiber was used in the 

present case. The State Engineering Experiment Station treated 

the raw straw before decortication. Also, when pre-treating 

with (SH4)2C204 or with CH3C00H, the State Engineering Exper­

iment Station studied low temperature effects, but high tem­

perature was used in this investigation to be consistent with 

all other experiments. 

None of these combinations and chemical pretreatments re­

sult in a fiber comparable with that produced by simple ITagS 

treatment, nor do the corresponding results obtained by the 

State Engineering Experiment Station. 
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CONCLUSIONS 

Up to the present time it has been believed that a com­

bined NagS - NagC03 liquor has advantages over the Na2S treat­

ment, but the indications shown here are rather conclusive 

to the contrary. These results also indicate that the chem­

ical pre treatments tried are of no avail. Thus is encouraged 

the use of the simpler process, which is more economical of 

time,, money, and labor. In a commercial plant the handling 

of the extra chemicals would require more auxiliary equipment 

as well. 

The apparatus studied has advantages and disadvantages 

which must be balanced before definite conclusions can be 

drawn. This new type of mechanical agitation aids in the 

compactness of the plant, because a steam jacket can be used, 

and the piping, pumps, and heat exchanger, necessary to a 

circulation system of comparable size, can be eliminated. 

This fact promises an advantageous saving in initial cost, 

upkeep, and heat. 

Volume output is decreased by this method, however, if 

calculations are made on the total volume of the vessel. Be­

cause of the volume which must be left vacant to allow for 

the motion of the basket, the volume lost in the piece of ap­

paratus described here amounted to almost 60%. This percent­

age of loss would decrease as the size of the vessel increased, 

but would always be present. 
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This loss could also "be decreased by designing the vessel 

and basket for a better fit. The vessel used in this investi­

gation had a spherical bottom, but for simplicity of construc­

tion the bottom of the basket was made flat. With, "better 

materials and facilities dfor construction, the shape of these 

parts could be better associated. Under these conditions, 

this type of apparatus seems superior to the older type. 

Also, from the results•of these studies, the following 

conclusions are justified: 

1. Spiral agitation is detrimental to the fiber, but ver­

tical agitation seems to be beneficial. 

2. The best conditions for operation tried were at 5% 

HaoS concentration, preceded by water treatment. 

3. Chemical combinations tried were not beneficial, but 

this field of study is a large and promising one. The 

use of neutral salts, amines, and other chemicals as 

catalysts and reagents may have excellent possibil­

ities in the improving of fiber quality. 

4. Decortication of the fiber could be improved, as the 

stock used was very uneven, containing an undue amount 

of shive and many fibers which were broken or incom­

pletely decorticated. This irregularity of material 

handicaps the chemical process, hindering the reaction 

on some fibers and resulting in unevenness of the final 

product. 

Processing of only o6e type of fiber was studied, and 
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..gther fibers cannot be said to follow the conclusions ex­

actly. This fact has been corroborated by studies of pro-
03 

cessing Georgia flax and Oregon flax' . The final goal is, 

of course, the utilization of flax grown in Georgia. Up to 

the present, however, the Georgia product has not been up to 

the standard of that grown in the Northwest. Further exper­

iments with the agricultural side of the problem are being 

made by the State Experimental Station at Griffin, Georgia. 

Although a complete, satisfactory solution to the prob­

lem of chemical processing of fibers is still in the future, 

the results of this investigation indicate that the produc­

tion of textiles from cottonized flax, spun and woven on the 

cotton system, is an entirely feasible operation. 

State Engineering Experiment Station, 
to T.V.A. 

Progress Report 
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