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PREFACE

This report supplements the paper published
by the authors in the Pro«eedirrgs of the First Inter-
n«tr'oirul Syinposirrm orr Ckritirr Chitosan, 1978, p.
l82, enti led "Marine Chitin Properties and Sol-
vents." Together, that report and this con>pilation

cover most of the chitin research described in Mr.
Rutherford's thesis, University of Delaware, 1976,
as well as his subsequent investigations. The patents
listed are assigned to the University of Delaware.





I. CHARACTERIZATION OF MARINE CHITINS USING A UNIQUE INERT SOLVENT»

Frock A. Rurjrrerford, III

Clritin, a inodi fied cellulose, has bccn examined
as a potential marine resource; however, acid deg-
rarl rtion that occur~ during its isolation iinpairs the
properties that make chitin valuable. In this study
i' v a. hypothesized that chitin prepared by milder
arocesses should yield a product of superior quality.

usi rig a chitin from a noncalcified source, Limu-
lui ~ o!;  rhemus, the need for the acid treatment
was ehminated; comparisons of properties were
'hcn made with cl>itins that had been isolated from
othr r n>arine species through a process that included
ii!c acid treatment.

Ai'straet oi' thesis, University of Delaware, ]976.

Characterizations were carried out in a newly
discovered solvent for chitin, N,N-dimethylacet-
amide containing 5/~ LiCl. All chitins evaluated
had su fficient molecular weight for fiber formation,
but were partially deacetylated, which tended to
reduce tensile strengths. Changes in the conforma-
tion of the glycoside linkages caused by the acids
used in the isolations were observed by shifts in the
optical activity. Lirrtwtus chitin had the highest solu-
bility, molecular weight, and acetyl values of the
chitins tested, together with the least change in
native conformation. Renatured films from Limufus
chitin had the greatest tensile strength, equal to that
of naturally oriented chitin fibers.





II. FACTORS AFFECTING THE OPTICAL ROTATION OF CHITIN"

Frank A. Rutherford, III ats d Paul R. A ustin

Summary

The discovery of an aprotic solvent for chitin,
A,N-d imc thy i acct amide containing 5% LiCl, facili-
tated a systematic study of the effect of sample
>r par';tion on optical activity in comparison with
t>! at of native chitin, Experimental conditions such
a' acidity, alkalinity, temperature, and time of treat-
»i i: t alter the conformation and shift the optical
ri> t ation of chitin from its nat ural levo form to a
dcxrrorotati>ry product. An important observation
ha' been the reversal with the time of the optical
rotation of chitin solutions, indicating at least par-
.iaI recovery of the riatural conformation of chitin
«; th s .nvironment. Anomerization of P-glycosidic
linkages'and transitional molecular forms, through
raiidnr» «oil, helical structure, and molecular asso-
«iation, may all contribute to the optical rotation
of thc system, It seeins likely that biological activity
of chitin may also be affected by these variations.

Introduction

I't>c abundance of chitin in seafood waste and
.'hc opportunity fr>r promoting it as a new marine
> s~>ur«c while alIcviating a pollution problem have,
led > o a burgeoning study of this unusual mucopoly-
sa« li;>ride.  See Neville, 1975; Muzzarclli, 1973
aiiil 1977; a»d Muzzarelli and I'ariser, 1978.! In
view of tlic current use of crab meal in poultry feed
a>id thc potential nutritive value of crab meal and
other «hiti»o«s products 'for calves and steers  iPat-
ton. e> al,, 1975! as well as crawfish  Meyers, 1974!,
and tl'.e efficacy ol' cliitin in accelerating the healing

Original manuscript this report.

of wounds  Prudden ct a!., 1970! it is timely to
stud y i t s molecular con fortna tion.

Chitin is predominately a Iiomopolymer of N-
acetyl-D-glucosamine  NAG! with multiple P-g!y-
coside linkages, and is naturally levorotatory. Irviine
�969! developed a po!arimetric method of identi-
fying chitin. The hydrochloric-acid solutions con-
taining chitin which were initially levorotatory,
slowly shifted to the dextro side upon hydrolysis
of chitin to glucosamine. I alk et al., �966! corrobo-
rated these findings. Because of the intractable
nature of chitin, which is soluble only in strong
mineral acids or concentrated salt solutions such as
lithium thiocyanate  Clark and Smith, 1939!. and
the consequent difficulties in handling the polymer,
its characterization by optical rotation was not
pursued.

In cori neet i on with our cliitin film and fi la-
ment studies, dimethylacetainirlc containing 5%
lithium chloride  I!MAc-LiCI! was found to be an
effective, no»degrading solvent system for chitin
 Rutherfor<I, 1976; Rutherford and Austin, 1977;
and Austin, 1977!. It was readily adapted to the
determination of cliitin properties by solution
methods such as solubility itself, molecular weight,
and optical activity. Thus, it has been possible to
investigate the relation ol'optical rotation to chitin-
isolation variables such as acid concentration for
decalcification, alkali trcatmciit for protein removal,
time and temperature ol' reaction, a»d drying. 0»e
can interpret the accompanying changes in optical
rotation in terms of thc chiral nature ofboth indi-
vidual molecular chains and their association in
solution.



Materials and Procedures

TABLE I. Solution Properties of Chitins
iii DMAc-5% LiCl

Acetyl ~
 %!

/o Sol.

MaterialChl till

Horseshoe ciab

Blue crab

Rcd crab

Pink stirinlp
Brown shrimp

 KY-10!

17.2

15.0

16.6

13.8

20.7

18 -56 -56
1.6 +33 -52

I 3 +65 -22

04 +24 -54

0 8 -36 -36

82

58

76

62
92

*Theoretical val ac, 21.2%

[nJ t~ = 0/Ic

Lxccrpted perlincnt data of chitin prepara-
tions, analyses, anil pliysical mcasiiremenrs  I<uther-
I'or~I anil Austin, 1978! aii~i tlie ncw chiroptical in-
lorm;ition;ire sunnnarized in Table I, Slicll from
the horseshoe cr ib  f irnir ns lroli'pAcrriu>!, which is
iionc ilcil'ical, was cleprolcinalcclwith 5% NaOH at

5 C and t tie chitin w'ls scpiirat  cl. Blue cnili  Chill
liner rr's srrpiclus! chitin was obtained sirriilarly�ex-
cepl l t1:it calcareous inateriaI was feinovcd wi th 5/o
;icelic acid f'ollowe.l I>y 2 N I ICI at ainbient tcnipera-

ture. The other chitins were commercial products:
Japanese red crab Chioncr res oiriiio! from Eastman
Kodak Company; Alaskan pink shrimp  l'ezidalis
lrorealis! froni I"ood, gheniicat 'md Research
Laboratories; and brown shrinip  Perzaeus uziecus!,
KY-I 0, from 13erculcs Incorporated.

Test samples were conditioned over silica gel
and residual moisture.   .4% to 2.9%! was deter-
inined by vacuum drying at 100'C. Ash varied
from 0.4% to 1.9%. Acetyl values, corrected for
moist.ure and asti, were dt:tcrinincd by hydrolysis
of cliitin with 50'" NaOIt, acidilication with 85/o
II~PO4, dilution, distillation ol' the acetic acid-
water inixture, and titratiOn of ali<iuots of tlic dis-
tillate  Rutherford and Austin, 1978!. Molecular
weights were determined in I!M Ac-5' LiCI solutions
usirig;i  '.arinon-I'ciiskc viscoinc ter  Billizicycr,
1971!.

Experiments were conrlucted to test separately
and in.conibiiiation tlie effects ot acidity, alkalinity,
aiid teniper;iturc on the conforination of chitin as
indicated by its optical rot ition. In each series,
0.5 g ot' brown-shrinip «hlti»  KY-10! ground to
20 niesli wa» tre;iied under tlie specified condition
tor 6 houi~. 'I he samples were then rinsed with dis-
tilled water, dried, ilissolve<l in 100 ml of DMAc-5%
LiCI, filtered through fell., and contrifuged 30
minutes at 2600 rpm; thc optical rotation was then
determined  'I'able 2!.

[~l D25

{degrees!
Mol. Wt.

 x 10 ! Initial ln 2 wks.

For optical activity, the observed rotation,8,
ot each chitin was measu>.ed with a Polyscience
Polarimeter Model SR 6, The rotations  8! were
determiiied to thc nearest 0.1 degree and converted
to specific rotations by the equation

where c is concentration in g/mt and I iscell length
in dm.

The concentration was determined by precipi-
tation of chitin from an aliquot of solution with
acetone, liltratioii, rinsing with acetone, drying,
and removing the LiCI from the precipitate by
several water washes. Concentrations were in the
range of 3 to 4 gm/ml, depending on the percent-
age of tlie s;imp!» tliat was soluble  Table I!. Cell
lenglh was 2 dm.
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 degrees!

Ten!peratr. e
  C'1Treatment

AqueousNaoH
 ~4 s<!hrtion!

]'i

3

5

-60

-63

+ 1
-47

Room

Room

60

Room

A ] � e o us I I  I
  ii s;! 1 I it li	! !

]

3

3

5

-53

-51

I

-32

Roorrr

Room
60

Roonl

',iry heatt
-36

-68

-46

-29

25

40

50

60

70

80

90

100

-24

-32

-14

-10

Results and Discussion

Table 2. Effect of Chitin isolation Variables

on Optical Rotation~

25'>-hour 'reatn!ent,eachexperin!ent;init>a] [aj D for KY-10
was -36 degrees.

' ~ai !plus a  4t] r and above gave cloudy solutions.

The whfe range in properties of chitins with
dr'ferent sample histories is cvirlent from Table l.
Varfati.:i!s in optical rotation on standing in DMAc-
I ir '. so]u ions, including reversion from dextro to
l»i' r!~t i a] levo form, indicated marked conforma-
.. 11,, angus in the structure of the chitin.

11 extending these studies, thc separate con-
rril-uti !ns nf chitin-processing v:trinbies werc deter-
»!»;ed: a .!dity, alkalinity, and moderate heat. Table

ihows tha! ach trcatnrcnt had a pronounced
el 'ec', which increased with the severity of the con-
ditior!s Treatment of chitin;!t room temperature
with ]', to 5l a lucous fs]aO]i or 11CI, or merely
l!eatin, chitin lor six hours initiated changes in ro-
lal on, h! each case, 50' to 60'C appeared to be

the threshold temperature for marked shifts from
levo to dextro, perhaps through disruption of'
hydrogc t bonds and subset] !cnt changes i«moie-
cu I a I c 0 n fo Tln tr t ]0	.

In a previous inves ig ttinn  I'aik et ai., 1�6!,
infrared absorption spectra of "chitan," a fully acet-
ylatcd chitin, indicated a P-conlrguration at the
anorneric center initially, They report also that after
deuterium exchange in 8 to 10 N HCI at 40' to 80'C,
the absorption band moved to a position indicative
of an  x-configuration. It appears from our studies
that such condrtions may indeed cause anomeriza-
tion in chitin.

The conformation of chitin has been sttrdied

extensively  Nevi]le, 1975; Rudall, 1973 and 1969;
Ramakrishnan and Nageshwar, 1972; and Carlstrom,
1957! by means of X-ray diffraction analyses, infra-
red, electron micrography, and other techniques,
The parameters of the orthorhornbic unit cell and
an antiparallel arrangement of three lateral adjacent
chains have. been established. The P-g]ycosidic oxy-
gen connecting two hexosamine units is set at an
angle and stabilized by intramo]ecular hydrogen
bonding  Rudall and Kenchington, 1973! with side
chains on alternate sides of consecutive residues,
The polymer chains are helical in form with a
two-fold screw axis. Adjacent chains are intermo!e-
cularly hydrogen bonded through the acetamido
groups, and so form a laminar structure.

The variations and the reversal of'optical rota-
tion of some chitins on standing in the DMAc-LiCl
solutions arid the magnitude of the changes strongly
suggests a shift from random coil to helical struc-
ture, followed by molecular association.

The structure of the chitin-DMAc-LiCI system
that permits the facile random coil-helix shift is of
interest. There may be an association between chitin
and the solvent components by anaoiogy with poly-
arnides  Panar and Beste, 1976]. Ciferri and Russo
�977! describe a definite coordination between Li+
ion and carbonyl oxygen, an f between Cl ion and
the NII moiety in caprolactam-L]C] systems. A simi-
lar association in chitin-solvent systems seems likely.

l,imitations of both the experimental data
and their interpretation must be recognized. The
treatments al] involved heterogeneous systems ir
which reactions are slow and nonuniform, and only
the soluble portions of' the treated samples were in-
volved in thc so]ution tests. Ncvcrthciess, one may
postulate that the composite structure of' chitin in
solution inay range from a highly order"d associa-
tion of moiecules  hydrogen bonded! with strong
levo rotation to completely random coils that are



dexrrorotatory, intermediate between these aie the
liiixed forms with some pol'tlon of the inolccules
a»ui»erized or heat denatured irreversibly, their in-
dividual helical structure somewhat disrupted arid
their tendency to associate imp;iired; they exhibit
niodest lcvo or dextro rotations.

The rand<ini chains, iiitraniolecularly hydro-
gen boiided in a ladder-like structure, have the dex-
tro rotation of the many P-giycosidic NAG units.
Rudall and Kenchingtoii �973! iiidicate that these
chai»s themselves inay fur»i a helix that is right-
handed, Association of thasc helical chains to a still
iiiorc ordered structure, possibly in rope-like fash-
ioii, probably accounts for tiie strong ievo rotation
o}' ii;iiiir;il cliirin. A siniilar behavior ot proteins is
discussed by Morawctz �9»5!.

The behavior of the cl}itins described in Table 1
thus bccoi»es more undersjtandable, Horseshoe-crab
and brown-shrimp chitins prepared under mild con-
ditions show little chang}: from their native levo
rotation, The blue-crab and pink-shrimp chitins
show niarked destruction lof chain association, but
are iiot anomerizcd arid tecover their helical and
associated structure in the t! MAc-LiCI environment.
Red-crab chitin appears intermediate; it may be
partly anomerized or denatured so that recovery of
its structure in solution is inconiplete,

For the preparation of chitin, it appears that
the mildest conditions of',isolation and drying will
lead to the least change ii} its native co»fort»ation
and, presumably, to its optimum biological efficacy.
Similariy, the best films qnd fibers have been pre-
pared from undenatured chiti»s that pcrtnit the
dcvelopinent ot high molecular order in solution
betorc extrusion or casting~ Rutherford a»d Austin,
1978!.
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CHITIN SOLUTION

The Government of the United States has rights in
this invention pursuant  o Grant No. 04-3-158-30 with
the Department of Commerce.

BACKGROUND OF THE INVENTION

This application is a conrinuation in par  of U.S. ap-
plication Ser. No. 659,280;led Feb. 19, 1976, by Paul
R. Austin.

This mvention relates to i. 'w solvents for chitin and
their use in the purification <,f' chitin.

Chitin is an aminooellula.e derivative that occurs
widely in nature, for example, in the cell walls of fungi,
bovine cartilage, cuttlefish bane and the hard shell of
insects and crustaceans, The waste from shrimp, lobster
and crab seafood industries contains 10-15% chitin and
is a potentially impoi tant sourc;e of chitin. The isolation
and purification of the chitin, associated in such waste
wi h mineral cornpon<.n s, protein and other rngredi-
ents. presents considerable diffrcul y and may cause
hydrolytic degrada ion, dens uring or change in its
natural conforination and optical activity,

The applications for chitin are not extensive, in part
because it has been lit le investigated «nd in part be-
cause it is difficult to purify, The use of chitin for accel-
erating and promoting wound healing is described in
U.S, Pat, No. 3,63K,754. ro L, L, Balassa, Jan, 4, 1972. In
other literature, the diOiculties of purification are inen-
iianed frequently, Chitin is also employed in the manu-
fac ure of chitosan, a deace ylated chitin that is readily
soluble in di]ule acids and may find application in paper
making and surface active agents, for example,

More specifically, chitin is a mucopolysaccharide,
believed to be poly-8 ace yi-D-glucosamine, with an
empirical formula of  CsH,iOiN!� in which n inay be
any number into the tha;isands range, but is commonly
in  he area of 100-.10,000. Chitin is a geiierally intracta-
ble maierial, soluble only in s rang mineral acids, lith-
ium thiocyanate solutions, and other special concen-
trated salt solutions, must of which cause disintegration
or rapid degradation with loss in molecular weight or
hydrolysis of the acetyl groups or bath. Chitin is insolu-
b!e in dilute acetic acid,

More recently some riew solven s for chitin are de-
scnbed by Paul R. Austin in U.S. Pat. No. 3,879,377,
Apr. 22, f975, and in U.S. Par. No, 3.892,731, July 1,
1975, These solvents comprise a 1,2-chloroalcohol in
admixture wi h an acidic so1vent, e.g. sulfuric acid, and
;i chiorace ic acid alone or in combination with other
soIvents, e.g. formic acid. These soiven s provide useful
means far purifying chitin and for regenerabng the
chitin in the form of filius, fibers and the like, However,
these solutions of chitin are noi as stable as desired for
storage for considerabie lengths of tiine.

In the isolation and utilization of chitiii it is desirable
to set specifications for the chitin material, for example,
molecular wr igh . viscosity or optical activity. All of
these properties require a stable non-degrading solvent
for  heir determination; the solvents of the prior art give
transient values that are difficult to duplicate because of
continuing chitin degradaticn,

It is an object of I.his invention to provide a new class
of soiven s for chitin,

It is a further object tc provide a rue!had for prepar-
ing viscosi y-stable sotiiiions of' chitin that can be Iii-

5

10

tered, otherwise purified, processed, or their properties
measured.

It is still another object to provide solutions of chitin
froin which the chitin can be regenerated in the form of
films, fibers or other shaped objects.

It is a further object to provide chitin solutions that
are free from hydrolytic degradation on storage for
considerable periods of time, and that are able to can-
vert certain dextrorotatory chitins to a natural levorota-
tory form.

SUMMARY OF THE INVENTION

It has now been found that chitin is dissolved by
dimethylacetaminde, N-methylpyrrolidone or mixtures

� of these amides in canjunctian with a minor amount,
e,g, 2% up to the saturation point, of'lithium chloride, at
roon  temperature or on inoderate heating, e.g. at 50' C.
Solutions containing up to 15% chitin are readily ob-
tained, depending to some extent on the molecular

20 weight of the chitin. Solvency is limited by viscosity of
the sofiition; the lower molecular weight chitins in gen-
eral dissolve niore readily and give lower viscosity
systems, At higher concentrations of chitin, in the
10-15% range, an organisai system, plastic in character,

25 is obtained. The chitin solutions can be purif ed by cen-
trifuging, vacuum or pressure filtration, or other means
as appropriate for the consistency of the solution and
application involved.

For physical property determination and chitin char-
30 acterization, dilute solutions of 1% or less of chitin are

usually employed. For film and filament preparatian by
we -casting and spinning technology, a solution con-
taining 2-5% chitin is preferred and the shaped films or
fibers are subsequently coagulated or renatured by

35 treatment with excess ketone or alcohal non-solvent for
chitin such as acetone, methylethyl ketone, methanol.
ethanol, a propanol oi a butanol, for example, washed
with water and dried at ambient ar elevated tempera-
ture. The resulting films and fibers are pliable and

40 strong and can be cold drawn to orient them and to
improve their strength.

At higher concentrations of chitin, in the range of
5-15%, the solutions become very viscous, approaching
a plastic consistency. They are handled best by heavy

45 duty mixers, pressure filtration and other organisol
techniques. Films may be prepared by calendering or
doctoring onto a moving belt, follawed by solvent
evaporation, water extraction and drying, Filaments
may be extruded and renatured either by dry spinning

50 with solvent evaporation or by a nan-solvent precipita-
tion as customary in wet spinning, Processing is com-
ple ed as previously described.

As indicated abave the dirnethylacetaminde and N-
methylpyrrolidone can be used alone or in mixtures of

55 any proportions in combination with the lithium chlor-
ide. Proportions of'lithium chloride ranging from 2-5%
by weight of the tertiary amide solvent are preferred.

An important advantage of the chitin solu iona of this
invention is their improved stability to degradation an

60 storage, They have a working life of at least one month
at room temperature,

Natural chitin is known to be a beta glycoside with a
levo   � ! optical rotation; however, the method of iso]a-
tion, which  nay involve strong acid, alkali or heat treat-

65 ments often denatures it with a consequent shift in opti-
cal rotation to a dextro  +! value. Another advantage
of the chitin solutions of this invention is their ability to
convert the chitin therein from such denatured, dextro-
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EXAMPLE 2

Chion
� 56'
� 52
-22
� 54
� 36

Horseshoe crab
Blue crab
Red crab
Pink shrimp
Brown shrnnp

� 56'
+33
+23
+75
� 36

�

rotatory form to the natural !evorottttory structure clur-
ing storage. Thi» recoover]ion of the molecular struc-
tore or conformation of chitin to the natura! beta-glyco-
side form is believed to be of considerable importance in
the usc tif chitin in wound healing acce!eration and
other physiological properties, and in its conversion to
strong continuous films ttod filaments.

By way of expianation, !Iut without limitation to the
scope of the invention, it itiay be pointed oui that the
optical activity of chitin wa< investigated by J. C. lrvine
long ago  J. Chem. Soc., 9$, 564�909!!. Hc found that
a Chitin Sample With a SpeCtfiC rOtatiOn, [tX]zti-', Of � 14'
in hydrochloric acid, on st nding slowly hydrolyzed at
the glycoside linkages to g!ucosamine hydrochloride
with a specific rotation, [a!zst', of +56 . He sugge<ted
this test as a means of identjtfying chitin, but hydrolytic
cleavage of the chitin mgecu!ar chain precluded its

enera! acce tabilit . Thus~ the new solvent s stems ofg p y y
the subject application at bnce provided a much im-
proved too! for the charac!erization of chitin,

The asymmetry and hence the optical activity of
polymer molecules may arise in several ways, but those
most pertinent to the behavior of chitin appear to be the
chirttiity of the cttrbon atoms, particularly those created
by formation of the g!ycos!de linkages, and the helica!
conformation of the po!!t!mer mo!ecu!e as a whole
 Morrison, R, T., Organic chemistry, pp, 123, 1095, et.
seq., Allyn and Bacon, Boston, ! 975; Lehninger, A. L.,
Biochemistry, p. 113 et, st!c!., Worth Publishers, New
York, 1970!. Depending unison conditions of treatment
or its environment, a polymer mo!ecu!e may display
these characteristics independent!y or together in an
additive fashion. In each ittf these cases, respectively,
optical activity inay be changed by inversion of some of'
the chiral carbon atoms  Morrison, p, 462!, or by un-
winding of the helix to fort!i a random coi!  Lehninger,
p. 113!, 1'or examp!e as the result of acid treatments, or
other denaturing agencies such as heat, The behavior of
a series of chitins from vt!rious sources and prepara-
tionai histories is il!ustrated in Table l.

Optical Activity ot' Chitina
intttai !a!t>'t  a!ass atter 2 weeks

The horseshoe crab chi!in was isolated under very
mild conditions, without acid treatment as the horse-
shoe crab is not ca!cified, 4nd the brown shriinp chitin
sample was prepared wit!! acid and a!ka!i treatments
close to neutrality; the othnr samples were isolated with
more severe treatments of,aci4 alkali and heat.

Surprisingly, it was fouQ that the solvent systems of
this invention not only disno!ved the chitin, but at the
same tiine provided an environment for reversal of at
least a portion of the optIcal activity. This is a quite
unusual phenomenon, encountered only occasiona!! y in
polymer chemistry; most examples are in the highly
polar protein and po!yanIittoacid field. No examples
have been found in the cell i!ose area. Referring again to
Table 1, column three, [alt!isafter 2 weeks, it is seen that
blue crab and pink shrimp !:hitins revert to their natural
chitin levo rotation, while red crab chitin only partially
reverts. Brown shrimp and the horseshoe crab chitins
are unchanged. A possible explanation of this behavior
is that the helical conformIttion of the chitin molecules

can be reformed from random coils by the solvents of
the subject application, whereas the inversion of the
g!ycosidic linkages of the polymer chain cannot. Thus a
partially inverted and random coil chitin sample such as
the red crab sample can be converted to the helical
form, but the chira! carbon atoms of the glycoside link-
ages are unaffected. Simi!ar!y the rotations of the horse-
shoe crab and brown shrimp chitins are unchanged by
the subject solvent system environment. A further indi-

� cation of this differentia! behavior is the observation
thai a sample of the a!pha.ethylglycoside of N-acetyl-
g!ucosamine was unchanged in optical rotation on
standing 1 week in diinethy!acetamide-5% LiC!; the
{tx]ztt' of the sample was +135' in both easel

Chitin from vaiious sources can be used w!th the
solvents of this invention. Thus, chitin from red, blue,
rock, king and Dungeness crabs, from lobsters, shrimp,
and other crustaceans, and from the cell walls of fungi

>< and the hard shells of insects are all operable.
The following examples illustrate in further detail the

so!vents of this invention and their use in the prepara-
tion of chitin films and fibers.

EXAMPLE 1
25

To a solution of one part of lithium cMoride ia 20
parts of dimethylacetamide is added 0.6 parts of chitin
 red crab! and the mixture stirred at room temperature
for ! hour. Then 20 parts of N-methylpyrrolidone is

3t! added and the mixture stirred for two hours. The resu!t-
ing so!ution is filtered through felt and the filtrate
spread on a glass plate at a thickness of I mm. The wet
film is dried far one hour in a current of air at room
temperature, and then placed in excess acetone for 16

35 hours to extract so!vent froin the film. The fi!m is ex-
tracted for another 24 hours with fresh acetone, ant!
fmally rinsed again with fresh acetone and died in air at
room temperature for 30 minutes. The ft!m is cut into
sinai! strips and these are co!d drawn to produce a 66%

~ increase in !ength. The drawn film is strong and pliab!e.

To a solution of I part of lithium chloride in 20 parts
of dimethylacetamide is added 0.6 parts of chitin  b!w
crab! and the inixture stirred at room temperature for 1
hour, then 10 parts of diinethylacetamide is added and
the mixture stirred for 2 hours, The resu!ting solution is
filtered through felt and the filtrate spread on a glass
plate at a thickness of' 1 mm. The chitin is regenerated
into a film as in Examp!e 1, The film is cut into small
strips � mm x 2.5 cm! and these are cold drawn 83%.
The tensile strength of the drawn fdm is 16.1 Kg/mmz.

The chitin films cast from solution in dimethy!acct-
>5 amide and dimethy!acetamide/N-methy!pyrrolidone

systems show syneresis, i.e. solvent exudes from the film
as it stands for a short time, e.g. f' or an hoiir. This has the
effect of concentrating the chitin in the resident lilm and
faci!itating its renaturing by immersion in acetone.

EXAMPLE 3

To a solution of 2. 5 parts LiC! in 50 parts N-me thy!-2-
pyrrolidone is added 0,25 parts chitin  Dungeness crab!
and the mixture is stirred at room temperature for 1,5

65 hours, The resulting solution is filtered through felt and
the filtrate spread on a glass p!ate at a thickness of 1 mm.
The chitin is regenerated into a fi!rn as in the previous
examples. The film is cold drawable.
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EXAMPLE 4

EXAMPLE 6

EXAMPLE 7

20
EXAMPLE 5

45

50

65

Five parts of finely divided chitin and 50 parts of'
dimethylacetamide containing 5% of lithium chloride is
rapidly mixed at room rempcrature to thoroughly wet
all of the chitin, At first the chitin appears to absorb the
solvent to form discrete gei particles which upon stand-
ing and intermittent stirring convert  o a very viscous
mass. This mixture is w<rrkcd periodically wrth a stirrer
to promote gel particle airrition and develop a more l0
coherent gelatinous system After standing 5 days, the
gelatinous material is doc ored onto a platen and
pressed to a coherent film. i he solvent is removed by
evaporation, followed by a water wash and drying, Thc
resultant film is pliable and tough. The film can be cold i5
drawn with typical necking down, Upon breaking at the
extension limit, the fracture line shows fibrillation, as
does polyethylene and other polymers capable of being
cold drawn,

To 100 parts dimethylacetamide containing 5% lith-
ium chloride 3.5 parts of chitin  red crab! is added and
the mixture stirred for 18 hours. The resulting solution
is filtered through felt and allowed to stand for 24 25
hours. Some of the solution is then spread on a glass
plate to a thickness of l mm and regenerated as in exam-
ple l. The quality of film produced is tested by cold
drawing and it is found to be capable of being cold
drawn 40%. The remaining solution is stored for 48 30
days. It is noted that viscosity of the solution at the end
of 48 days is the same as thc fresh solution, Some of this
solution that had been stored 48 days is then spread on
a glass plate to a thickness of i rnm and regenerated in
the same manner as the film made from the fresh solu- 35
tion. The quality of this film is tested by cold drawing
and it is found to be capable of being cold drawn 75%,
thus indicating that storage in the solution does not
degrade the chitin.

The f'ollowing Exampies, carried out with sainples of 40
chitin different from those described in Table I, illus-
trate the conversion of the dextrorotatory form of chitin
obtained by acid purification of chitin to the natural

levorotatory Form on storage of dimethylacetamide-
lithiurn chloride solutions of the chitins at roam temper-
ature for several days.

To a solution of 100 parts of dimethylacetamide-5%
lithium chloride one part of red crab chitin is added and
the mixture stirred for one and a half hours. The solu-
tion is filtered through wool felt and then centrifuged
for one hour at 2600 RPM. The optical activity of the
sample is followed with time, Immediately following
the centrifugation the oPtical activity, [a]nri, af the
sample is +65'. After 6 days the optical activity
changes to 0', and after 2l days iir solution the optical
activity stabilizes at � 22 .

To a solution of 40 parts of dimethylacetamide-5%
lithium chloride one part of pink shrimp chitin is added
and the mixture stirred for one and a half hours. The
solution is filtered through felt and then centrifuged for
one hour at 2600 RPM. The optical activity of the chitin
solution is observed over time. The initial optical activ.
ity, [a]iran', is +24 and after 21 days stabilizes at � 54,

While particular exainples of the present invention
have been shown and described it is apparent that
changes and modification inay be made therein without
departing from the invention in its broader aspects, The
aim of the appended claims, therefore, is to cover all
such changes and modifications aa fall within the true
spirit and scope of the invention.

I claim:
I. A solution of chitin in dimethylacetamide or N-

methylpyrrolidone or mixtures of these amides in con-
junction with a minor amount of lithium chloride.

2. The solution of claim 1 wherein the lithium chlor-
ide is present in the solution in an amount of at least 2%
of the solvent.

3. The solution of claim I which has been held until
the chitin which in solution originally, if it had dextro
optical rotation, is converted to the levo rotatory farm.

~ ~ ~ 0 0
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their use in the purification of chitin for regeneration in
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SOLVENTS FOR AND PURIFICATION OF CHITIN

The Gover»ment of the United States has rights in
this invention pursuai t to Grant No, 04-3-158-30 with 5
the Departme»t af Commerce.

BACKGROUND OF THE INVENTION

This invention relates!o new so!vents for chitin and
their use in the purificatio! of chitin. 10

Chitin is an aminoceHL�'use derivative that occurs
widely in nature, for exam'!e, in the cell waHs of fungi,
bovine cartilage, cuttlelish hone aud the hard shell of
insects and crustacea!is. The waste from shrimp, lobster
and crab seafood industries contains 10-15% chitin and 15
is a potentially important source of chitin, although the
isolation and purification of the chitin, associated
therein with rninera'1 components, protein snd other
ingredients, presents considerable difficulty,

The upp!ications for chitin aie noi extensive, in part 20
because it has been lit ie investigated and in part be-
cause it is difficu1! to purify, The use of chitin 1'or accel-
erating and pro!noting wound healing is described in
U.S. Pat. No. 3,632,754, to L. L. Balassa, Jan. 0, !972. In
other literature, the difHculties of purification are men- 25
tioncd frequently. Chitin is also employed in the manu-
facture of chitosan, a deacetylated chitin that is readily
soluble in dilute acids and may find app!ication in paper
making aud surface active agents, for exainple,

More specifically, chitin is a mucopo!ysaccharide, 30
believed to be poly-N-acety!-D-g!ucosamine, with an
empirica! form»!a cf  C>H!iO!N!� in which n !»ay be
a!iy nu!nber in io tl c tbousands range, but is commonly
in the area cf 100- 10,000. Chitin is a gencraHy intracta-
ble tnateria!, so1»b!e only in strong i»i»eral acids, lith- 35
ium thiocyanate so!utions, and other specia! concen-
trated salt solutions,!t!ost of which cause disintegration
or rapid degradation with loss in molecu!ar weight or
hydrolysis of the ace$y! groups or both.

More recently some new solvents for chitin are de- 40
scribea b i Paul R. Austin in U.S. Pat. No. 3,879,377,
Apr, 22, 1915, a!id in U.S. Pat. Vio. 3,892,73!, Ju!y I,
1975. These solven«comprise a 1,2-chloroalcohol in
arlmixture with an acidic solvent, e.g. sulfuric acid, and
a chloracetic acid sitine or in combination with other 45
solvents, e.g. formic acid, These solvents provide useful
means for purifying chitin and for regenerating the
chitm in the fom> of films, Abcrs and the like, However
these soiutions of chitin are not as stable as desired for
stOrage fOr CO»aide! able lengthS Of ti!ne. 50

In the isolatioii and uiilizaiion of chitin it is desirable
to set specifications for the chitin material, for example,
molecu!ar weight. viscosi!y o! optical activity. All of
these properties require a staiile non-degrading solvent
for the. r determinat!au; the . o!vents of the prior art give 55
tra»sient values that sre difficult to duplicate because of
continuing ciii!in degradation.

It is a» object of this invention to provide a ncw c!a~s
of solvents for chitin,

It is a f'urther objeCt!o provide a method for prepar- 60
ing sv!utions of chiti» that can be filtered, otherwise
purified, processed, or their properties measured.

It is stili another object to provide solutions of chitin
from which the chi! ir, can be regenerated in the form of
films, fibers or other shaped objects. 65

It is u still further object to provide chitin soiutions
that are stab!e on storage for considerable periods of
time.

SUMMARY OF T!WE INVENTiON

It has now been found that chitin is dissolved by
diinethylaceiamide, N-methylpyrrolidone or mixtures
of these amides in conjunction with a minor amount,
e.g. 2% up to the saturation point, of lithium chloride, at
room temperature or on moderate heating, e.g. at 50' C.
Solutions containing up to 15% chitin are readi!y ob-
tained, depending to some extent on the molecu!ar
weight of the chitin, Solvency is limited by viscosity of
the solutions; the lower mo!ecular weight chitins in
general dissolve more readily and give !ower viscosity
systems, At higher concentrations of chitin, in the
10-15% range, an organisol system, plastic in character,
is obtained. The chitin solutions can be purified by cen-
trifuging, vacuu!n or pressure filtration, or other means
as appropriate for the consistency of the solution and
application involved.

For physical property determination and chitin char-
acterizatio», dilute solutions of !% or less of chitin are
usuuHy emp!nycd. For 1!1»i und filament preparation by
wet-casting and spinning technology, a solution 2-5%
chitin is prefe red and the shaped films or fibers are
subsequently coagu!ated or renatured by treatinent with
excess acetone, for example, washed with water and
dried at ambient or elevated temperature. The resulting
Alms and fibers are pliable and strong and can be cold
drawn to orient them and to improve their strength.

At higher concentrations of chitin, in the range of
5- ! 5%, the solutions become very viscous, approaching
a plastic consistency, They are handled best by heavy
duty mixers, pressure filtration and other organisol
techniques. Films muy be prepared by calendering or
doctoring onto a moving belt, followed by solvent
evaporation, water extraction and drying. Filaments
may be extruded and rcnatured either by dry spinning
with solvent evaporation or by a non-solvent precipita-
tion as custoruary in wet spinning. Processing is com-
pleted as previously described,

As indicated above the dimethylacetamide and N-
inethylpyrrolidone can be used alone or in mixtures of
any proportions in combination with the lithiuin chlor-
ide, Proportions of lithium chloride ranging from 2-5%
by weight of the tertiary amide solvent are preferred.

An iinportant adva»tage of the chitin solutions of this
invention is their improved stability on storage. They
have a working life of at least one month at room tem-
perature,

Chitin fro!n various sources can be used with the
solvents of this invention. Thus, chitin from ied, blue,
rack, king and Dungeness crabs, froin lobsters, shrimp,
and other crustaceans, and from the cell walls of fungi
and the hard shells of insects are all operable.

The following examples illustrate in further detail the
solvents oi' this invention and their use in the prepara-
tion of chitin films and Abers.

EXAMPLE 1

To a solutiou of one part of lithium chloride in 20
parts of dimethylacetamide is added 0,6 parts of chitin
 red crab! aud the mixture stirred at room temperature
for one hour. Then 20 parts of N-methylpyrrolidone is
added and the!nixture stirred for 2 hours, The resulting
solution is filtered through felt and the filtrate spread on
a glass plate at a thickness of 1 mm. The wet film is
dried for one hour in a current of air at room teinpera-
ture, and then placed in excess acetone for 16 hours to
extract solvent from the film, The film is extracted for

15
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EXAMPLE 5
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another 24 hours with fresh acetone, and final!y rinsed
again with fresh acetone arid dried in air at room tem-
perature for 30 minutes. The film is cut into small strips
and are cold drawn to produce a 66% increase in
length. The drawn film is strong and p!iable,

EXAMPLE 2

To a solution of 1 part of'lithium chloride in 20 parts
of dimethylacetamide is adijled 0.6 parts of chitin  blue
crab! and the mixture stirred at room temperature for
one hour; then 10 parts of t!imcthy!acetamide is added
and the mixture stirred for 3 hours. The resulting solu-
tion is filtered through felt and the filtrate spread on a
glass plate at a thickness of   mrn. The chitin is regener-
ated into a film as in Exantp!c 1. The film was cut in
small strips � rnm X 2,5 cm! and were cold drawn
83%. The tensile strength of the drawn fi!rn is 16.1
Kg/mmi.

The chitin films cast from solution in dimethylacct-
amide and dirnethy}acetamidc/N-methy!pyrro!idone
systems show syneresis, i.e. so! vent exudes from the film
as it stands for a short time, 4,g. for an hour. This has the
effect of concentrating the chitin in the resident film «nd
facilitating its renaturing by immersion in acetone,

EXAMPLE 3

To a solution of 2.5 parts LiC! in 50 parts N-rnethy!-2-
pyrrolidone is added 0.25 ~ts chitin  Dungeness crab!
and the mixture is stirred rIt room temperature for 1,5
hours. The resulting solution is fi! tered through felt and
thc filtrate spread on a glass plate at a thickness of 1 mrn.
The chitin is regenerated r'nio a fi!m as in the previous
examp!es. The film was cok! drawable.

EXAMPLE 4

Five parts of finely div}ded chitin and 50 parts of
dimetbylacetamide containing 5% of lithium chloride is
rapidly mixed at room temIierature to thoraughly wet
all of thc chitin. At first the chitin appears to absorb thc
solvent to form discrete gel particles which upon stand-
ing and intermittent stirring convert to a very viscous
mass, This mixture is workrtd periodically with a stirrer
io promote gel particle attrition and develop a more
coherent ge!atinous system. After standmg five days,
the gelatinous material is doctored onto a p!atten and
pressed to a coherent film. The solvent is removed by

evaporation, followed by a water wash aar} drying, The
resultant film is pliab! e and tough. The film can be co}d
drawn with typical necking down. Upon breaking at the
extension limit, the fracture line shows fibri}}ation, as
does polyethylene and other polymers capable of being
cold drawn.

To 100 parts dimethylacc;tamide containiag 5% !ith-
ium chloride 3.5 parts of chitin  red crab! was added
and the mixture stirred for 18 hours. The resulting solu-
tion was filtered through felt and a}!owed to stanr} for
24 hours. Some of the solution was then spread oa a

15
glass plate to a thickness of 1 mm and rageacrated as ia
example 1. The quality of film produced was tested by
cold drawing and it was found to be capable of being
cold drawn 40%, The remaining solution was stored for
48 days. It was noted that viscosity of the solutian at the
end of 48 days was the same as the fresh solutioa. Soeae
of this solution that had been stared 48 Says was thea
spread on a glass plate to a thickness of 1 mm and regen-
erated in the same manner as the fibn mack frora the
fresh solution. The qua!ity of this film was tested by

25 cold drawing and it was found to be capab}e of being
co!d drawn 75%, thus indicating tLat ssorage ia thc
solution does not degrade the chitia.

While particular cxamp!es of the present iaveatiorr
have been shown and described it is appaaeat that

30 changes and modification may be asar}a ILareia witlsout
departing from the invention in its brrrar}ar aspects, TLe
aim oF the appended claims, therefore, is ta cover all
such changes and modifications as fa}I wi}Lla the true
spirit and scope of the invention.

I claim:
l. A process far forming films aad %ere from oLiam

that is insoluble m di}ute acids which casap~ diaao}v-
ing of said chitin in a solvent consisting raf at leaat 2%
lithium chloride in dimethy!acetamir}e crr N-aethy}pyr-

40 rolidone or mixtures thereof, casting tha ao}uacra ia 6}se
form of a film or fiber, removing the ao}vent by evapo-
ration or by immersion in a non-ao!vent lia}}owed by
washing in water and then drying said fr}ra or fiber.

2. The process of claim l wherein thc non-solvent k
45 acetone.
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CHITIN COMPLEXES WITH ALCOHOLS AND
CARBONYL COMPOUNDS

The Government has rights in this invention pursuant 5
to Grant No, 04-3-158 30 awarded by the U.S. Depart-
rnent of Commerce.

This invention relates ta new addition compounds or
complexes of chitin and their method of manufacture.

PRIOi'. ART
10

Chitin is a celiuiose.like r iaterial that occurs widely
in nature, for example, in the cell walls of fungi and the
hard shells of insects aad crustaceans. More specifically,
chitin is a mucopolysaccharide, poly-N-acetyl-D- 15
giucosamine, of relatively high molecular weight. How-
ever, in the natural state it occurs only in small flakes or
as short fibrous material, and is not capable of forming
useful shaped articles Withovt solution and reprecipita-
tion or renaturing. Methods of dissolving chitin in cer- 20
tain solvents are descfibed in tbe literature. For exam-
ple, Clarke and Smith, J. Phys. Chem., 40, 863 �936!,
used aqueous acids or lithium salts for solution and
regeneration of chitin. These authors observed the for-
mation of addition carnpourids of chitin with lithium 25
ihiocyauate and with sodium hydroxide under certain
conditions. However, the formation of addition com-
pounds, or complexes, of chitin with organic com-
pounds has nat hitherto been described,

OBJECTS OF THE INVENTION

Ii is an object of this invention to provide novel com-
plexes of chitin with low molecular weight alcohols,
aidehydes and ketones. Ii is a further abject to provide
a process for preparing these now chitin complexes, 35

DRESCRl PTION OF THF INVENTION

The compositions of this invention are complexes of
chitin with afcohais, gfdehydes and ketones preferably
having up ta 10 carbon atoms. A preferred group of the 40
complexes are those having a mole ratio of' the N-
acetyigiucosaminc unit af chitin to oxygen-containing
complexing agent ranging fram I:6 to 5:1.. Fspecially
preferred compositions of this invention are the com-
plexes of chitin with alcohols, aidehydes and ketones 45
having up to five carban atoms. The alcohols, alde-
hydes arid ketanes can have one or more halogen sub-
stituents, e.g., chlorine.

The chitin complexes of this invention can be pre-
pared by direct contact of chitin with an excess of lower 50
molecular weight alcbhol, aldehyde or ketone, i,e., at
least five parts by weIght of' the complexing agent to
one part of chitin. However, it is preferred to use a
water- ar solvent-swelled chitin with the complexing
agent. It is also preferred ta use a finely comminuted 55
chitin to increase the rate af interaction between the
chitin and the alcohol or carbonyi compound,

A mass action effecf is observed in this process. That
is, one complexing agent in a chitin complex can be
displaced with another if a substantial excess of the 60
second compiexing agent is allowed to interact with the
previously formed complex,

With low boiling complexing agents such as metha-
nol and acetone the cfutin complex has a relatively high
vapor pressure of the alcohol ar carbanyl component 65
under ambient canditibns which results in decomposi-
tion af the complex with drying af the chitin, unless the
complex is stored in a closed container in the presence

of'a slight excess of the cornplexing alcohol or carbonyl
compound.

In other cases, where molecular association forces are
stronger, when cheruical reaction may be involved, or
when higher boiling complexing agents are employerf,
even an excess of a second compiexing agent may not
displace a favored cornplexing agent.

The chitin complexes of this invention have a number
of unusual properties, which make them useful in a
variety of applications. For example, they have a volu-
minous physical form which makes them easily handled
and filtered in the preparation of highly purified chitin
for pharmaceutical and other purposes, Furthermore.
they are more readily dissolved in chitin solvents than
natural chitin, and hence are useful in preparing chitin
solutions for the fabrication of chitin in the form of
films, fibers, or other shaped articles; they also may
contribute a plasticizing effect that enhances the cold
drawing of chitin fibers and films, The compiexet4 in
addition, facilitate renaturing of chitin to fibril]ar mate-
rial useful for wound-healing acceleration, e.g., in the
manufacture of fibrous mats for absorbable, internal
reinforcement of herniated areas. Chitin complexes
with higher molecular weight aldehydes and ketones
have greater stability and exhibit the toughness and
formability required for the manufacture of plastic
products,

The products and processes of this invention are
illustrated in greater detail in the following examples in
which quantities of ingredients are expressed in parts by
weight or percent by weight, unless otherwise speci-
fied.

The drawings are graphs supporting the fact that
complexes are formed as fully explained in the exam-
ples.

Paris by wt,
5.3
2.7
2.3
l.3
O.s
0.7

0 7
r3
rs
57
67 �'!

It will be noted from the table and especially from
FIG, I, which expresses these data in graphical form,
that there is an abrupt change in solvent evaporation

EXAMPLE I

One part oF water-swelled chitin is placed in 10 parts
of methanol and comminuted to permit thorough pene-
tration and interaction of the methanol. After standing
for two hours the chitin alcoholate slurry is filtered off
and redispersed in 10 parts of fresh methanol, After
standing an additional hour the chitin alcoholate is fil-
tered off and spread on a tray to dry; the product is
broken up and turned during the drying period to pre-
sent fresh surface facilitate drying. This operation is
carried out at room temperature in an area of good air
flow.

To demonstrate chitin complex formation, weight
loss of the drying complex is determined versus time, in
the expectation that superficial solvent would be lost
mare rapidly than coruplexed solvent, as is the case with
such known materials as calcium sulfate and its hy-
drates, The mtercept of the two rate curves approxi-
rnates the composition of the complex. The data follow:
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EXAMPLE III

EXAMPLE IV

Time, rbim
0.076
,064
054
0.4B
045
.043
.042

040

I0
ll
l2
l3
l4
15
16
IR

20 .039
25 035
30 .033

03 I
40 .030
60 .029 35

I20 02S
ISO .025  dryi

EXAMPLE V

20

rale after the fourth period, with an intercept corre-
sponding tc a complex ot' 017 part of chitin monolner
and 0.36 part of methanol �0034 and 0.01 l rnoles, r'e-
spectively! or 0 ratio of 3.2 moies of meihaiiol per !N-
acetylglucosamine residue. 5

The chitin-methanol complex is a pasty, sainewhat
cheesy rnatenai that is stable at room temperature if
kept in a closed vessel in the presence of a slight excess
Of ineihanOl. IIOWever, in tlIe Open, ii Will lOSe metha-
nol gradually as indicated alcove, to

EXAMII'LE II

One part of water-swelieci chitin is placed in 10 pal<a
of methanol and commirtutetl to permit thorough perie-
tation and interaction of the methanol. After standing 15
for two llours the chitin alcoholate is filtered olf and
redispersed in 10 parts of aceione. The dispersion,
standing for 15 minutes, antI filtration, is repeated two
more times to assure complete displacement of the
methanol and formation of tive acetona! e. The acetonate 20
is soniewhat niore rubbery arid cheesy than the alcoho-
late and filters very rapidly.

After the last filtration, t/e acetone-wet chitin ace-
tonate iS dned in a tray at rctim temperalure With gOtad
air iuovemerit around it, Th|: weight loss of a sample is 25
measured ai time intervals until the sample is thor-
oughly dry. The data follow:

Parts by ut. Time, mia Parts by wt.

In this case, inspection r!f the data does not give a
ready indication of the diffe!ence in rate of solvent loss 40
Of Simple evapOratiOn versur, cOmplex breakdawn and
diffusion of solvent vapor, ltut by plotting time versus
weight loss on a simple graph, FICs. 2, it is clearly seen
that two different rates are!tivol ved, The intersection of
these curves corresponds to it product comprising 0.025 45
part of chitin and 0.019 pari' ot acetone �,000123 mole
of chitin monomer and 0.00033 mole of acetone! or a
mole ratio of acetone lo 1 -acetylglucosame of 2.7:l.
This chitin acetonate complex is slowly soluble in for-
mic acid at room temperature ss iiereas the origirial 50
chitin is not soluble in formic acid.

Another method of characterizing the chitin com-
plexes of this invention ittv4lves the use of' differentia!
thermal analysis, which rseasures the heat energy
change occurring in a substance ss 0 function of temper- 55
ature. The curves obtained, called therrnograrns, show
any chemical change thai is accompanied by a hest
energy change. Differential thermal analysis has been
widely used in studies of the chemistry of inorganic and
organic compounds, including studies of hydrates of 6tl
various compounds, The thprmogram obtained on the
chitin-acetone complex of ihss Example is given in FICr.
3. 10 this determination the temperature of the chitin-
acetonate and the inert control material is increased at a
constant rate of 20 C per minute. The resulting thermo- 65
gram shows s sharp endothermic heat change beginning
at 75 C. The thermograms obtained with the ketone
complexes ol' this Example and those oi' Examples V

and VI show the strong association of the ketones so the
chitin.

One pari of an amorphous, precipitated chitin and fi.7
part of camphor are dissolved in 17 parts of formic acid.
The homogeneous solution is spread on glass and the
formic acid allowed t<i evaporate. A hard, flaky, tough
camphor coniplex results thai appears to be stable in air.
ln contrast to the original powdery chitin. the product
is difflcult to grind; ii is lough rather than friable. Upon
gririding, SOme frbrillar material iS fOrmed alOng With a
nearly white powder. There is no indication of the selsa-
ration of camphor itself.

Two parts of red crab chitin are dissolved in 87 isarts
of a solvent mixture comprised of 40 percent trichloroa-
cetic acid, 40 percent chloral hydrate and 20 percest
rnethylene chloride, Solution is accelerated by warmiag
slightly, below 40' C, stirring for 30 minutes. A very
thick, viscous solution is obtained that ia filtered
through wool felt.

A portion of the filtered chitin solution is spread usa
glass to a thickness of about one-sixteenth inch. It i ~
immersed in acetone to coagulate it asd» woad m
four successive acetone washes, each lsstisg 15 mitsutaa,
It is then neutralized and washed with s solstios of
potassium hydroxide in 2-propanol and fisally with
water to a pH of 7. The film iS tOugh, cleat an41 iiuotik,
and has a sp. gr, of 1,46 � 1,47, Analysis shows ihe
presence of 33,28 percent chlorine, indicating a ratio of
about one inole of unhydrated chloral to ose stoic of
N-acetylglucosamine in the complex �0.4 percent chio-
rine calculates for 1:1 complex.!

'ln this example, the strong affmity of chloral for
chitin is illustrated, as the successive acessse and taka-
line 2-propanol washes do not fons new cotsplexes,
although they probably remove superficial chlorsl.
However, when the complex is extracted for 12 hoers
with methylene chloride, with contitsuoua removal ef
the extract and treatment with fresh solvest  Soxislet!,
the comp!ex contains 9.45 percent chlorine, isdicatisg a
ratio of about 5 N-acetylglucossmine units to ose of
unhydrated chloral.

One part of water-swelled chitin is washed with two
successive portions of acetone, and dried suiserftcially in
air at room temperature to remove excess acetone, btst
not enough to decompose the complex. The restalting
ckdtin-acetone complex is immersed in five parts of
methyl isobutyl ketone and comminuted for 15 ssistssea
to permit thOrOugh penetration and interaaniOs Of tiSIS
methyl isobutyl ketone. The chitin ketortate is thea
filtered off and redispersed in three tsore five-part por-
tions of methyl isobutyl ketone with f titration sitter each
successive soaking. This treatment produces cosnplete
replacement of the acetone in the acetonate with forma-
tion of the chitin methyl isobutyl ketonate. The ketos-
ate is dried superfically in air at roons tersperature with
mechanical working of the product with a slastula.

The differential thermal analysis therrnogrars of the
ketonate of this Example is shown in FIG. 4. %'ith the
chitin complex and the inert control saaterial heated at
a constant rate of increase of 20' C per minute an 4tsdo-
thermic heat change begins at about 104' C and lse-
comes a sharp change at about 114' C.
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EXAMPLE Vl

One part of water-swelled chitin is immersed in five
parts of methyl ethy1 ketone and comminuted for 15
minutes to permit thorough penetration of the methyl
ethyl ketone into the parous chitin. The swollen chitin
complex is then filtered aff and redispersed in three
mare five-part portions of methyl ethyl ketone with
filtration after each successive soaking, This treatment
produces complete replacement of the water in the
swollen chitin with foriuati"u of' chitin methyl ethyl
ketonate. The complex is si »crficiaHy dried in air at
room temperature with mei hanical working of the
product with a spatula.

The differential thermal analysis therinograin. of the
ketonate of this Example is i.,ivcn in FIG. 5, With the
chitin complex and the inert control material heated at
a constant rate of increSise of 20' C per minute x sharp
endothermic heat change begins at 77' C.

EXdlMPLE VII

This Example iHustxatcs the use of the process of
farming a chitin akohol camplex as an intermediate in
the formation of a phosphate salt af chitin.

One part by weight OF chitin and 40 parts by volume
of a 50:50  by volume! inixture of phospharic acid and
2-propanoi are stirred together at room temperature for
!wo hours, The mixture if filtered through wool leit and
the 1 itrate poured iu a fme stream into a large excess of
2-propanol to precipitate the chitin iti the form of a
chitin 2-prapaiial complex, The solvent-swelleii chitin
is filtered through paper and resuspended with vigorous
stirring in fresh 2-prapxuioi for about i5 minutes. This
wash and filtration is repeated three more tiines, at
which paint the system is neutral. The filter cake is then
spread in sn open tray with good ventilation at room
temperature and the pi'aduct worked with a spatula to
break up the caked material and continually present
new surfaces for salvetiL evaporation. The product is a
fine, light-colored powder that passes readily thraugh a
100-mesh sieve  apeiungs oi' about 157 microns!.

Since chitir. may coritain ane free ainino group for
about every six N-acetyigiucosamine units, and the acid
in this system wss not «cutralized, it is believed that the
praduct is a chitin phosphate salt.

Properties of the sample are as fallaws:

L4Z2
s 97%
2.54%

sp. fuavuy
Nurauen

Phosphorus
�.s7%! cakd,
�.43%! cakd.

lt was reported by an outside laboratory that this
product was effective as a wound-healing accelerator in
preliminary tests in rafx.

The examples given above are selected to illustrate
sigmficant aspects af the invention, but are nat to be
considered limitiitg. Various madificaiions and equiva-
lents will bc obvious ta one skilled in the art, Soine af
these variations are described below.

Chitin frarii many sources can be used to make the
products of this invention. Chitiri  ram arthropads, in
particular from the shells af crabs, shrimp, crayfish,
lobsters and other crustaceans is operable, Crabs such
as, for example, blue, rcd, rack, king, and Dungenes
crabs are especially good sources of chitin. Chitin from
other sources such as ceil walls af fungi, e.g., the fungal
residues fram fermentation processes involving such

fungi as Axperigiliua niger or Penicillium. Cbitins of high
molecular weight are preferred for use in this invention.

The water-swelled chitin, or hydrated chitin, used ui
Examples I and II, is an especially preferred form of
chitin for use in preparing the chitin complexes of this
invention. A,convenient method of making hydrated
chitin is as follows:

Five parts of chitin  8 mesh! is added to a mixture of
63 parts of 2whlaraethanol and $2 parts of 73% sulFuric

fo acid, with mechanical stirring at room temperature.
Small additional portions of solvent inay be added if
necessary to reduce the viscosity, After one hour thc
mixture is tiltered through felt. A solution of 88 parts of
conc, ammonium hydroxide and 100 parts of water is

1> cooled in an ice bath in a vessel equipped for mcchani ~
cal stirring. The «bove chitin solutian is then poured us
a fine stream, with rapid stirring, into the amtuonia
solution. Additional ammonia may be added if neces-
sary to make alkaline. When the addition is complete
and the solution alkaline, the system is stable and iuay be
kept for several days, if necessary. The precipitatad
chitin is decanted, filtered or centrifuged, and thc pre-
cipitate reslurried in water made slightly alkaline with
ammonia. After 15 minutes the precipitate is again N-
tered, and the slurry-washing repeated with plain water

>5 until it is free af suii'ate ian  barium chloride test!. Two
ta four washes inay be required. The resultant product
is a hydrated chitin and may be kept as such in a stop-
pered bottle.

As indicated above, alcohols, aldehydes and ketonsa
30 having up ta 10 carbon stains arc useful in forming the

chitin complexes of this invention, Specific exainples of
ahcohois that can be used are the aliphatic akohaka:
methanol, ethanol, propanol, 2-propanol, chloroc-
thanal, and butanal. Cyclohexanol is a useFul alicychc

35 alcohoL Aliphatic and alicyciic ketones that are useM
include; acetone, methyl ethyl ketone, diethyl ketone,
methyl propyi ketone, methyl isobutyi ketone, acetyl
acetone, cyclapenatanone, and camphor. Suitable ali-
phatic aldehydes include: formaldehyde, acetaldehyde,

40 propionaldehyde, n-butyaldehyde, isobutyaldehyde and
chloral. As indicated previously, the alcohol, aldehyde
and ketone reactants can have halogen substitucnts, e.g,,
one or more chlorine substituents.

It is apparent that changes and modifications may be
45 made without departing fram the inventiau ns its

broader aspects. Thc aim of the appended claims, there-
Fore, is to cover all such changes and modifications aa
faU within the true spirit and scope af the invention.

I ciaini:
1. A complex of chitin with an oxygen-containing

compicxing agent containing up to 10 carbon atoms
selected from the group consisting of saturated aliphatic
and alicyciic alcohols, aidehydcs, and kctones, said
complex having a sharp endothermic heat change whaa
subjected to differential thermal analysis.

2. A complex of claim I wherein the oxygen~taiti-
ing complexing agent contains up ta 5 carbon atoms,

3. The complex of claim I wherein the mole ratio of
N-acetyiglucasarninc unit of chitin to thc oxygenee-
taining complexing atent ranges from 1:6 to 5:1,

4. The complex of claim 3 wherein the oxgenwon-
tsirting complexing agent is methanol.

5. The complex of claim 3 wherein the oxygen-con-
taining complexing agent is acetone.

6, The complex of claim 3 wherein the oxygen~-
65 taining complexing agent is chlorah

7. The complex of claim 1 wherein the oxygen-con-
taining complexing agent is camphor.

4 4 t ~
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