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= OnpeaeneHyue U KiaccupuKaus

* OTiIM4Me MOJMMEPHU3ALUH U MOJTUKOHICHCAIIUH
» KuHeTuka

" [ToGouHBIE peakiuu
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IHoauKoOHAEHCAIU S — Pa3HOBHUHOCTH peaknu CHUHTE32
BBICOKOMOJICKYJIIPHBIX ~ COCAMHCHUMHW M3  HOJIW()YHKIIHOHAIBHBIX
MOHOMEPOB, KOTOpasi 0OBIYHO COIMPOBOKAAETCS BBIICJICHUEM MOOOYHBIX
HU3KOMOJICKYJIIPHBIX ~ TNPOAYKTOB  TaKMX  KaKk  BOJAa,  CIIHPT,
XJIOPOBOJAOPO/ U T. II.

Iom(pyHKIMOHAJILHBIA MOHOMEP — MOHOMEpP C JABYMs H Ooliee
(G YHKIIMOHAJIBHBIMU IPYIIIaMM, IPUXOASAIIUMHUCS Ha OJHY MOJICKYJTY.




[TonukoHaeHcanusl OHMQPYHKIIMOHAIBHBIX MOHOMEPOB Ha3bIBACTCS JUHEHHOU U

NPUBOJIUT K 00pA30BaAHUIO JUHEUHBIX MOJIUMEPOB
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*Eciin B peakuuu IMOJMKOHACHCAIMU Y4aCTBYET XOTh OJWH MOHOMEDP, COIEpKAIIUN
Tpu U Oosiee (QYHKIIMOHAIBHBIX TPYII, Takas IMOJUKOHJCHCAIU Ha3bIBACTCSA
TPEXMEPHOU 1 MPUBOJUT K 0OPa30BAHUIO CETYATHIX MOJTUMEPOR
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] [olMKOHAEHCAUA, KOTOpass MAET C y4aCcTUEM OJHOIO MOHOMEpA C Pa3IuYHbIMHU
(YHKIIMOHAJIBHBIMU TPYyIINa Ha3bIBACTCSI TOMOIIOJINKOHICHCAIIUS

J\ — \[\N + H,0
H,N COOH H n
0

[lonukonaeHcaus, KOTopas UJAET C Yy4acTHEM JBYX M 00Ji€€ MOHOMEPOB
HA3bIBACTCS FETEPONOJUKOHICHC AN (COMOIUKOHAECHCAIUSA )
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OTACIBHBIM BUJIOM PEAKIIMM MOJUKOHJICHCAIIMM SIBISCTCS MOJUIMKIOKOHACHCAIUS —
METOJ CHHTE3a MOJIMMEPOB IHUKIOIEHHOM CTPYKTYpPhl, MEXaHH3M KOTOPOTO
IpeanojaracT HaJlu4ue ABYX WM HECKOJIbKHX MOCJEA0BATEIbHBIX PEAKIUN, IepBas

N3 KOTOPbLIX — ITOJIMKOHACHCAIIWA, BTOPaA NJIX ITOCJICAYIOIINC — HMUKIIN3aIllns:
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B 3aBUCHMOCTH OT XapakTepa B3aUMOJCHCTBHUS MEXIY (YHKIMOHAIbHBIMUA IpyIIamMu
BBIJACIISIFOT CICAYIONIUE TUIIBI:

*PaBHOBecHas (0OpaTuMasi) MOJUKOHACHCAIIHS:

H+
Ry=—COOH + HO=—R, 4—) Ry==—COOR, + H,O

*HepaBHOBeCHas (HeoOpaTuMasi) MOJUKOHICHCAIHS:

R=—COCl + NH,=——R, ————® R,=—CONHR, + HCI




*MoHOMEpBI, COJIEpKAINE B MOJEKYJIaX OJWHAKOBBIE (DYHKIIMOHAJIbHBIC TPYIIbI, HE
CIIOCOOHBIC pearupoBaTh MEXKAYy C000it

H
° 7\

*MoHoMepBI, coAepKalllie pa3inuyHble (YHKIIMOHAJIBbHBIE TPYIIbl, CIOCOOHBIC
pearupoBaTh MEXy co00i (TUIPOKCUKUCIOThI, aMUHOKHUCIIOTHI)

*MoHoMephI, COoACpKaIlue B MOJEKYyJIaX OIWHAKOBBIC (DYHKIHMOHAIbHEIC TPYIIIIHI,
CIIOCOOHBIC pearupoBaTh MEXKAY COOO0l B ONpPEACICHHBIX YCIOBUSIX (MHOTOATOMHBIC
CIIUPTHI, MHOTOOCHOBHBIE KapOOHOBBIC KUCIOTHI)




‘HOJIPIKOHI[GHC&HI/IH IMPOTCKACT II0 CTYIICHY4ATOMY MCXAHHM3MY B OTIHYHUC OT

CITHOT'O AJIA ITOJIMMCPHU3AIlINH.

][ lolMKOHAEHCAIMS MOAPA3YMEBACT BhIJICICHNE HU3KOMOJICKYISIPHOrO MPOAYKTA.

*CocTaB TMOJUMEPHOIO 3BEHa, MNPH TMOJUMKOHACHCAIMEH OTJIMYaeTcsi OT COCTaBa
MOHOMeEpA.

Bech MOHOMEp pPacxXxoAyeTcsi HA PaHHUX CTaJAUIX IOJUKOHJACHCAUMU (IIPH MaibIx
CTEHEHSX KOHBEPCHUH), B TO BpeMs Kak ISl TOJUMEPHU3ALMd MOHOMEDP 3aKaHYMBAETCS C
OKOHYAaHUEM IpolIecca.

*MakpoMOJIEKyJIbl 11€JIEBOM MOJICKYISIPHON Macchl HAUMHAKOT OOpPa30BBIBATHCS JIUIIIb




B ommuue oT nmomuMmepusaluu, MOJIMKOHIACHCAIIMOHHBIE IOJUMEPHI OIHOTO THIIA
MO>KHO TIOJIYYUTh U3 MOHOMEPOB C Pa3HOOOpa3HbIMH (DYHKIIMOHAJIBbHBIMH IPYIIIAMU U
IIPU PA3JINYHBIX YCIOBUAX

\ \\ 2
\ 4 \ 4
+ ) + )
HO— \ / o
ONa
\
\

O

—




*PeakiiioHHas CIOCOOHOCTh (DYHKIMOHAJBHBIX TPyHIl OU(YHKIIMOHAIBHOIO
MOHOMEpPA OJUHAKOBA.

*PeakivonHas CIIOCOOHOCTH OJHOM (G yHKIIMOHAJIBHOM TPYIIIBI
OM(YHKIIMOHAILHOTO MOHOMEpPA HE 3aBHUCHUT OT TOrO, MpopearupoBajia BTopas
IpyIIa WA HET.

*PeakiimoHHasi cCnocoOHOCTh (PYHKIIMOHAIBLHOM I'PYMIIBI HE 3aBUCUT OT pa3zMepa
OJIMTOMEpA.




Pasmep k-104, n/(Moab-cC)
MoJie-
RYJIbl s A
(n) H(CH?2),,COOH (CH2),(COOH)s

1 22,1
2 15,3 6,0
3 7,9 8,7
4 7,9 3,4
5 7,4 7,8
6 7,3
8
9
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MexmMonekynapHas [MUKIA3ANAS

R =——NH
2 HyN==—=R = COOH > O% %O
HN=—R

R === (O
? HO===R=——COQOOH > O% %O
Q=R




BryTpuMonekynapHas MUKIA3anns

HoN=——R ——COOH > Hlil—R—(llo

HO =—R =——COOH > (I)—R—(|30




L_ __1 TenjoTa CropaHud Ha OAHY Hanpa#eHHOCTD
(CH,) METHJIEHOBYIO TPYIIY, Ha OJHY METH/ICHOBYIO
KKaJ1/MOJb rpynny, KKaig/moab
3 166 ,6 9,2
4 164,0 6,6
5 158,7 1,3
6 157,4 0,0
7 158,3 0,9
8 158,6 1,2
9 158,8 1,4
10 158,6 1,2
1 158 ,4 1,0
12 167,7 0,3
13 157,8 0,4
14 157 ,4 0,0
15 157,5 0,1
16 157,5 0,1
17 157,2 -0,2
r-AJIKaH 157,4 0,0
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UNITED STATES PATEN'

" OFFICE.

LEO H. BAEKELAND, OFi.YONXEBS, NEW YORK.

METHOD OF MAKING INSOLUBLE PRODUCTS OF PHENOL AND FORMALDEHYDE.

942,699,
NoDrawing. *

Bpeclfication of Letters Patent.
Application fled July 13, 1907, Serial No. 363,684

Patented Dec. 7, 1909.

Lo ull whom it may concern:
Be it known that I, Leo I BAEKELAND,

« citizen of the United States, residing at

Snug. Roek, Hlumony Dark, Yonkers, in
the comty of Westehester and State of New

York, have invented certain new and useful |

n AMethods of Making In-

Tmprovemen
Products of Phenols

soluble C

safion

¢ prior application Ser. No. 358,156,
filed February 18, 1907, 1 have described
and claimed & method of indurati g tibrous
s which col s in im-
o or wixing them with o phenolic
y and” formaldelyde, and causing the
same (o within the body of the mate-
rial to 1 an insoluble indurating con-
- densation product, the reaction being accel
cerated f«}
densing agents. In the course of this re-
action considerable quantities of water aro
produced, and a drying operation is resorted
to to expel it. : .
The present. invention relutes to’the pro-
duction of hard, insoluble and infusible con-
sation products of phenols and formal

i

In pr:

a 1:l|ul||(x[ic body with formaldchyde to ob-
{ain « reaction product which is capable of
{ransformalion by heat into an insoluble and
jufusible body, and then convert this reac-
tion product, cither alone or compounded
_wilh a suitable filling material, into such in-
soluble and infusible body by the combined
aclion of heat and pressure. Preferably
the water produced during the reaction or
added with tlie reacting bodies is separated
before hardening the reaction product. By
proceeding in this manner & more complete
control of the reaction is secured and other
important advantages are attained as here-
inafter set forth. -

. If a mixture of phenol or its homologues
and formaldehyde or its golymcrs be heat-
ed, ulone or in presence o catalytic or con-
delising _agents, the formul‘dehyde being

iyde, of which the following

esired Dy the use of heat or con- |

cing the jnvention I react upon.

arate or stratify on standing. ~The lighter
tant fiquid is mn aqueous solution,
rtains th ¥

d the aque-

d or the water
The ¢

bed s

may be clim
wily liquid obtaine E
found to be soluble in or m
liol, acetone, phenol and similar solvents or
mixtures of the same.  This oily liquid may
De further submitted to heat on u water- or
deam-bath so as Lo thicken it slightly and
to drive off any wafer which might still be
wixed with'it. - If the reaction be permitted
to proceed further the condensation product
may acquire o more viscous character, be-
oming gelatinous, or semi-plastic in con--

ence. ~ This. modification of the product
is insoluble or incomipletely soluble 1n alco-
hol but soluble or partinlly soluble in ace-
tone or in a mixture of acetone and alcohol.

The condensation - product. having either

the oily or semi-plastic character may

{ subjected to further {reatment as hereinafter

described.. By heating the said condensa-
tion product it is found to be transformed
into & hard body, unaffected by moisture,
insoluble in alcohol and acetone, infusible,
and. resistant to acids, alkalies and_almost
all ordinary reagents. This product “is
found to be suitable for many purposes, and
may be employed cither alone or in ‘admix-
ture with other solid, semi-liquid or liquid
materials, as for instance asbestos fiber,
wood fiber, olher fibrous or cellular mate-
rials, rubber, casein, lamp black, mica, min-
eral powders as zinc oxid, bartum sulfate,
elc., piginents, dyes, nitrocellulose, abrasive
materials, lime, sulfate of calcium, graphite,
cenient, powdered “horn or bone, pumice
stone, talcum, starch, colophoniwn, resins or
gums, slate dust, etc., in accordance with the -
narticular uses for which it is-intended, and

in much the same manner as india rubber is

with the ab d and

present in about the mol prop:

required for the renction or in excess there-
of, that is to suy, approximately equal vol-
wines of commereial phenol or cresylic acid
and commercial formaldehyde, these bodies
react upon each other and yield & product
consisting of two liquids which will sep-

other materials to yiekl various valuable
ducts. - In ding the d

tion or deh; dmtim‘: !produgt in this manner
the desired materials are mixed with the

same before submitting it to'the final har-
dening operution below. described.

=

E
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Patented May 6, 1941 ‘

'UNITED STATES

2,241,321

PATENT OFFICE

2,241,321 .
PREPARATION OF POLYAMIDES

Application July 20, 1935. Serial No.

220,266, In Germany June 10, 1938

10 Claims,

'This invention relates to polymerizates of
lactams of amino-acis

By heating aminocarboxylic acids to a high
temperature there are obtained, with formation
of polyanhydrides, condensation products which,
insofar as they are stable against heat, may
attain a very high molecular weight. P
substance of this kind have been obtained, for
example from 6-aminohexanoic acid (co:

Berichte vol. 40, page 1840, 1907).

Alt.haugb it has already been proposed (U.
Patents Nos. 2,071,250, 2,071,251 and 2,071, 253)
that polyanhydrides of this type may be worked
up into shaped structures having good proper-
tles, particularly threads, the practical
tion of these artificial materials, which closely
resemble protein substances from a chemical
point of view, has been lmited, because the
necessary aminocarboxylic acids are not readily
available. Although the parent material for one
or the other product could be obtained in sufi-

cient quantity and quality, the difficulty of iso- ~

lating the amino-acids and purifying them from
water-soluble secondary products always re-
mains. Moreover the condensation reaction does
not always proceed satisfactorily, a fact which
frequently becomes evident only in working up
the product to a shaped structure.

Tt is therefore an object of the present inven-
tion to provide a process of producing polymer-
izates of lactams of amino-acids.

A further object is the provision of a process
by which polymerizates can be obtained, which
are capable of being worked up into fibers, films,
foils and the like.

A further object resides in the provision of a
process which leads to polymerizates of exceed-
ingly high molecular weight and high softening

nt.
W}\ still further object of the invention resides

(CL 260—2)

This invention is based on the observation
that very valuable polymers of the kind referred
to, especially derivatives in which the groups.
occupying the two ends of the molecule are sub-

& stituted, are obtainable in a simple manner and

with certainty if instead of, as heretofore, con-
densing amino-acids at 2 high temperature
of water, the an-

les (lactams) of amino-acids having a

hydrid
10 chain of at lens& 5 carbon atoms between a

carboxyl and an group, and obtainable
in various ways, nre heated, preferably in the
presence of relatively small quantities of suit-
able promoters of the reaction, until polymeriza-

utiliza- 15 tion occurs.

This polymerization is conducted in the melt,
if desired in the presence of a solvent such as
m amid.e or & phenol. It generally occurs with

d leads to highly

smoof an
20 lemer]c products applicable for varidus pur-

poses. The properties of the final products may
be determined beforehand, so that they are of
great commercial value,

‘This result is highly surprising, for it was to

25 be expected that the polymerization, if it would

oceur at all, would lead, at least at a high tem-
perature, only to substances of comparatively
low degree of polymerization. Moreover, it had
to be assumed that at a high temperature in the

30 weseuceoflutalm,esneeiﬂlylnﬁmcmofu
those of

f pronounced acid character, a splitting
up of the chain into fractions of low molecular
‘weight would occur, which would nmst probably
be monomeric cyclic compounds, a&s had been

35 already observed in the case of poly-condensa-

tlons of hydroxycarboxylic acids or of glycols
and aldehydes.

The amino-acid anhydrides (lactams) which
-come into question for use in the invention are

40 obtainable in va.rluus ways, for exnmple by re-
ic ket

in the provision of an
process of producing linear superpolymers.

Another object is the provision of a polymer-
ization process in which the necessity of remov-
ing volatile reaction products is avoided.

An additional object resides in the provision
of suitable polymerization catalysts, which enable
the polymerization of the lactams of aminc-acids

cycli
to Wallach or by introduction of the residue
—NH— into cyclic ketones with the aid of hydra-
zolc acld by the method of K. F. Schmidt. They

45 may also be obtained during the reaction from

closely related compounds, for example by the
decomposition of the hydrogen halide salts of

the corresponding lactim ethers. Some are also
by

to be carried out on an scale In a
comnnraﬁvely short time of reaction.

A further object resides in the selection of
catalysts, which are capable of substa,nna.lly
influencing the properties of the final prods

y
50 i1 ids into or as b; d

in the thermal condensation of such amino-acids

or their esters. The cyclic lactams, unlike the

free amino-acids may be isolated comparatively

. easily and brought to a very pure condition by
or

Other and additional objects will become ﬂ-
parent as the following proceeds.

or both., This




HOOC COOH
\Mj + \M§ —>~L/(A)\ + H,0
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Patented Mar. 22, 1949

2,465,319

UNITED STATES PATENT OFFICE

2,465,319

POLYMERIC LINEAR TEREPHTHALIC
* ESTERS

John Rex Whinfield,

Accrington, England,

and
James Tennant Dickson, East Lothian, Scot-
Iand, assignors, by mesne assignments, to E. I
du Pont de Nemours and Company, Wilming-
ton, Del., a corporation of Delaware

No Drawing. Application September 24, 1945, Se-
rial No. 618,398. In Great Britain July 29, 1941

Section 1, Public Law 690, August 8, 1946
Patent expires July 29,‘1‘;‘({1 P ET

1
This invention relates to synthetic products
having valuable and unusual properties and to

18 Claims. (CL 260—75)

2
glycol, glycol,
elycol, elycol,
glycol,

filaments, fibres and the like

This a i rt of
our application Serial Number 476,004, filed
February 13, 1943, now al

Highly polymeric esters of phthalic acld and
glycols, for example, ethylene glycol, trimethylene
glycol, glycol and
glycol, are well known, and have been used for
instance in the manufacture of paints and var-
nishes. These esters vary in character, depend-
ing on the particular glycol employed in the

but without they are
with low poin!
and no definite melting points. They cannot
be formed into filaments having useful strength
or pliability; they are freely soluble in many
organic solvents; and they are easily hydrolyzed
by acids or alkalis.
linear de-
rived from glycols and dibasic acids and capable
of being drawn into pliable, strong fibres show-
ing, by characteristic X-ray patterns, orientation
along the fibre axis are also known. However,
although the hitherto described linear polyesters
are capable of furnishing strong, pliable, highly
oriented fibres, they suffer from the defect of
low melting point and considerable solubility in
a variety of organic solvents, and they are of no
utility in the textile field.

This invention has as an object the provision
of new and useful linear, highly polymeric esters
having valuable properties, including that of
being capable of being formed into useful fila-
ments, fibres and the like, and having high melt-
ing points and a low degree of solubility in
organic solvents. A further object is the pro-
vision of new and useful, synthetic filaments and
fibres. Other objects will appear hereinafter.

The synthetic products according to the present

fon are high-melti sol

usually micro-crystalline, cold-drawing, linear,
highly esters of acld
and glycols of the series HO(CH2)»CH, Where n
is an integer within the range of 2 to 10.

The fibres and the like according to the inven-
tion are formed by cold-drawing from the said
synthetic products, and show molecular orienta-
tion along the fibre axis by stic X-ray

]
ts 16 formula

3 glycol,
glycol and decamethylene glycol, it is advan-
s tageous to use glycols having from 2 to 4 methyl-
ene groups, since these give highly polymerized
esters with very high melting points, and of these
glycols, ethylene glycol, HO(CHz2)20H, is pre-
ferred on the grounds of cost and availability.
10 Mixtures of the glycols may be used if desired.
The synthetic products according to the inven-
tion are ‘highly
ene terephthalates; they are linear in structure
with recurring structural units of the general

-o(cxo.oocC>oo_

where 7 is an integer greater than 1 but not ex-
20 ceeding 10.

The highly polymeric products according to
the invention can be made by heating glycols of
the series HO(CH2)»OH, where 7 is an integer
within the range of 2 to 10, with terephthalic

o3 acid or with esters or other terephthalic acid
bodies which are capable of reacting with said
glycols to form glycol esters, the reaction products
being heated at temperatures above their melting
points until highly polymeric esters having cold

30 drawing properties are obtained.

The highly polymeric polymethylene tereph-
thalates of the invention may be made by heat-
ing a mixture of terephthalic acid and a glycol
of the series HO(CHz2)»OH, where 7 is an integer

35 within the range of 2 to 10, in which at least
about one molecular proportion of the glycol is
present relative to the terephthalic acid. Pref-
erably higher proportions of the glycol relative
to the acld are used, for instance four or five

40 molecular proportions of the glycol per molecular
proportion of the terephthalic acid, since by using
such the initial is
caused to take place much more readily. During
the heating the temperature advantageously ap-

45 proaches the boiling point of the glycol. Known

esterifying catalysts, such as hydrogen chloride,
p-toluene sulphonic acld or camphor sulphonic
acid, may be added to speed up this part of the
reaction, but the esterification also proceeds

ily in the absence of such catalysts.

50

patterns.

Once all of the acid has reacted with the glycol,
the is the excess of

“Although synthetic products in
with this invention can be obtained from poly-
methylene glycols having from 2 to 10 methylene
groups, i. e. from ethylene glycol, trimethylene

glycol present is removed from the reaction mix-
ture by distillation, usually under reduced pres-
88 sure, and the residue is further heated above its
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