) \A polym zation renctlon whioh Omhines the poseibilities and adVan-
"bages Jf ¢condenaation polymerization with thosd of ‘polymérication by addi
‘whiol, therefcre » me.kes it posuible +o obtain by, puro addition: reactions: preda- L

termined £inal. produots ‘from-any bis- and’ ‘polyfurotional low-molecular, oompounds
mnmmmmmmmmmmmwm*mmmwm

- polymerisation- or:"dilsosyanate-prodess™s:. Th:ls reaction]was, _-ound .’m 1937 and

has been furcher clevaloped aince thet time. RS S .

i

N Wux"bz ‘had’ fourid, in 1848 tha'k OzﬂsNGO a.dds oaeﬂy to Caﬂ OH and thara-
by gives cansmcoocznsg reaction with RRINH yieldo chGNHGONRRr The aame ‘Tohow

tion, ag is well known, “tekes plage with pbonyiisocyannte. In order to_adapt. this
~ reaction whioh procéeds quantitaﬁively and’ exothermioally tothe pux-poees of tha
ohemiatry of . plastioa it was necessary to prepare diisocyanates and to.add thesa '
on to glycols, diamines, polyhydroxy. or polyamino oompounds. -An"oan be ‘geen fron
‘the. cimplent reaction.of thig’ kind, the reaotion of” diiaocya.na.te with glycol, .
this reaction oan be oonsidered as lurgely analogous %0 the pura polymeriza*!;ion
..reaction. .. z b - it i

ROROH + ocxmco + HORLOK + OCNRNCO -—->
_— oalocomuncaoalocomnnco —

A oondidax'able differéncoe, an’ compared to the. knovm polymarization proceaaes con~
‘slsts in the faot that the molecular tonds are not exoclusively those of oarbon
“atoms”but ‘also. those betwsen’ 6xygen, carbon and nitrogen, and-oconsidering ths
“enormoug mumber of only the polyhydroxy compounds, it can be easily seen how ,
generally applioablo this reaotion is—Neitler with' the knowm condensation. nor
the kndwn polymerization processes cen suoh 8 breadth of application ‘be cmred.

K Aftet the work o Carabhers ‘on super-polyamidea had -becoms knmm, -the
I. G. found it. nacesnary to pfopare similar or, if pdssible, better oompounda
~which wero: independent i'rom ~the- Du Pont pa{:ents. e :

Co The additiozi of diisocyanate to diamines and glyoolu haa,_connequently.
beon Mtensively 1uvest1é;ated in orddr to ‘pmrepare- hig,humoleoular 1inear polyureas
~and polyurethnnea. -1t was found: that when ‘long ¢hain aliphatic diamines and
alipho.tio d:liaooyanntee are wed, only high—melting end: highly: hydrophilic polymers
~ result whioh oannot 'be ed in the fusion-gpinning procEaa “and, therefore, are of -

_|no'pr otich] hnpor Por induzutry o aynthbtio fibors.| Howover, a basio
‘ polyﬁea pr,pgred

thi way 6 being used commercially as eu mali mg terial. -
for rtyOn : da by ‘he ‘©0 permm oniim aalt 1 ooeaaw T

r h\und tﬁne lincwar po]‘.yurebhauaa mare fomnd to be a auynthet}.o
es wibh pro pertiem whioh partly aurpaased those ¢ ‘the super-
8, 0f r of Yinear polyurpthané, preptred, { fow ghould-
g!‘rdm af'tachn cal st dpoﬂ,nt, 5 of the most easily obtained compouwnds -
to. dn buty]"enogly‘roh”

xie _13 thp: polyPre hawe ‘fron 1,6-HoxanediisocH ﬂ}-

)smmdlo'(onz) 4ocowm(cnz)5




P ; \ fix : '
Doponding on the :'eact:.t)n eemgeratuve a.nd the . residence Etim 1n ;hhe solution T
vhioh can be controlled: ‘by tho-addition of diohlorobanz 5 by brea!cing the
ohain with monofunotional aom ounds, EX

¥ ia poseiblo to snyhhesiza polyurethanea
or vcu*y:lng degreea of" po:l.ymer zation. s

T!es properties ‘and oharaotex‘isticé of a ponurethana of this ﬁype whioh"

is marketed ae "Igamid V" for plastics and as "Perlon U" i‘or silk and brlatles
are. glven n hs' follering. tatulation, - - -

Physioal Properties of Igmnides

Igam:ldtl ' IgamidA Igamid B
Sp. Gravity%:.c_'_ 1,21 14 1.16

Yolting Point,. .b.ppr.ox.;_. e e V080G 02 8559 e 200G

Injection molded material
'Béine_fl.;hardneas at.‘&‘:)‘bco (kg/omz) . 780

j000 @0

.j.BsngJA}ap tosb (o',,,';gg/@a),- - gbout-100 - over 100 : -- :
: h‘oesed material - - o l

a) morienbed Platos” ':_ R R |

Rupture atrengr.h (kg/cmz) 320 : No o 4_380

Res:lstanoe to cold +_8°c. = o presead ‘;_‘.“-51."7,5(:.'

b) criented platas

‘goods ;;}T e

hupture treng h (kg/\fanz) _ longthutse. 16 "4:“ =

, _ t : sidewieeT 100

'R“;ptm'b «\blonsa Fion (5\F) A '-~1o‘hgtmwhe 8o

, g’ aiwiew:lse ‘!1 ,’l e

,"Résietance 'Ho told ' ST ‘
X : {-’-Beca se ot’*its pr pu.rat on (p 1yme k l‘} and t'eoipijka on |
" after re ching doi‘i '1ta dogree of poljmeris tion) "Igami‘d " 45: more! uniforn as
8 polymer then the. peropo\» yaniid) obtainod by?condenmtiom'(Nylo\n);.:.,
@ B .\b;\r the m‘.loae t

;oxim:lw of: \klm soifteninq;‘,ﬁ,_,_ d-t



nos 48 practioally ,dmicarto “thit-of the nupar-ﬁ‘elyamidef
laboratory, maximm gtrength 1 +5 grams’ den, wore £ ad fo
"Perlon U aa compared %o naturel 8ilk with 5.5 grem ~ 3
thorofere; to obta:ln bhrends whioh o ‘ :

bynhout 100, L el

: EBpeoia].].y mrFmW'Igmm'U“”mdﬂwﬂ*otm—pﬂwrethmes———-—-
e thedr low water absorption.: By increasing- ‘purber:-of ; Ol groups - in. the.. pody-..
urethane chain, the water absorption is still i‘urther deoreaaad but, at- the some:
tipe, strepgth end- melting point deocrdase sinco +he moleoules bocomo more and‘
moro. paraffin-like. -With regard to electrical” propertiea ‘and resistence to
trodther, the. polyurethanes su'pass the. polyamidoe. Fwthermore, fhey tave en -

1noreaasd resisteanoe fo acids,

: Theue ‘spocinl properties in oon;junc*bzon with the othar good pro &ﬂ:ies
of the guper-polyanides make "Igomid U® valuable as thermoplastie, The:materials
propared by injection molding are. resigtant to water and moisture of the alr hnd
remain constant in their dimonsioms. All these popa%ma ‘are valuable’ for the -

--menufacture -of - filter.oloth.resistant: 0. bodling. water and. ‘acida,. a0ids “and’ Baes. ..
resistent suits, bolts, ropes, cable insulation, ot cetéra. In the textile field
the low-mator absorption of the polyurethdnes is of advantage :ln the - manufaoturo
of hosiery but is a diaadvantage for underwear. : ‘

: Perlon U" is & valuable mtarial for -the manufagture of brietlen and
artifioial horsehalr beocause of its hardness, its olagticity which ie gimilar to
metal strings, and its resistence towards atmospheric moisture up to about 176°F,
"perlén " is distinguished from tho -super-polyanides by ita -behavior towards ..
dyos, Sinco it ‘does not contain any basic groups, - it ﬁannob be dyed with aoldio
dyes but only with: dyes for ‘acetats rayon or: sus penaion dyes. ~Also, besausd of .
the lack of basic groups, "Igamid U" is oconsiderably loss. susceptible to. the' oxy=
gen of the atmoaphere“when molten as compared to.the super .polyamidos. and brown -
disyoloration of the- mateirial on mlting, molding nhd spixming does. not take plnce
even when air :‘w noh completely exoludad. ' . . o -

Besides "Ig,amid
4ﬁmrLia11y 1mpm‘tani:s

RIS

""and "Perlon U" tha following T'Wpon wﬂl beodmo com« o

Clnh " The - polyureﬂmnes prepared from 1.4—butanodi:lsooyaneto and 1,4-butylene=

" glycols - It.has practically the same propercios es ! ig 5 uﬁ‘mlﬁw;
Hf‘h"' (edting point 1949C,, (381°Fs )). It will protably be ohoapor thah: "Iganid
acotyline anF ,t4-d1an inobutane es| intermaditte.

g epargd from. .
O Inth s wagTit is posut

1o %o 1iminate phjr’:!oi on‘ bong "1 aB r‘aw ‘mat r.'ua.l ases.

N \ii'ferex\lt fron‘l théaeLunifpkn pol%rethe‘\nss wHose 1 Per mo\?ecul” _ weigt\[
mehbara are‘complerbezy ‘ingoluble in all solventd'in the cold and” “which eré: only‘:
;| soluble in n cphonol-water mixture' (80 s 10) are ;tha eqmpoimds’ prepmrdd ferm a
" mixtire of lycols or dd isoojanates) theso commmnde ,A_ja,_:ep.aily so‘ uble in.:
T ohlox‘ na.'aed'lwdro arbone:even {1u the oold,Thave ' Y n . gred




are. polymerized in’ mb;ture wibh nexpahaive lléwbutylenaglyool, :
substitute; "Igmﬂid UL" hes:boen considerod ror manufact o which 1g' a mixed poly=.
urgthano yihich has boen mado by fusien of 1L moli of 1, 6-hoxanodiisooyansto and 0.5 -
mold, “of: 1,4-butyleneé1yooli 0.5 mols’s ‘ “polyme

with quite: simlilar: prE'E:art:leé ‘oan ' bey e %., made: rrom 04b’ mola. of 1 de {0 5 ole.
of I.G-diisoowhate and 0.8 mols. o '1,4- utyleneglycol T 0.2 ToJo.. of W
‘diol, " "Iganild UL “is d very: ‘s0ft materinl whickig oasily: ‘golublein mixtures: of
ol}loroform and: aloohols  In. meny of dits proportiea it .m conniderably superior to ‘
ldathor. -1t 10 espeoially suitable .es-a leathsf. substitute. ‘neoausa 4% e pruou
ti0ally without densi ivity: to Wwator amd conaequently, dOes norb brenk at extremo
di-yness or on- hea.ﬁng An- water. T T SR R

Physidal .opari;ies or IL des for Leather Substitutea
' —Tgndd TL Tgnid 6™ -
40% plas'cioizer 207 plaatioizer Leathor
Ruph;re Btfeng{'?h TP 1engthwise 470 R S 538 it i ettt eon i 250_
- (kgfon?) sidowise 860 186 T
Peroent elcngation 1engﬁ\vqisé 243 : 191 - -
on rupture sid_ewie'e' - 318 54_0
Harénbas (ball pu‘essure, S ' A
%, kfea®) . w0 20 T
Res.‘mtanoe to Flexing - 3 . S lpeoifiedu :
(no. of . tleotions) ... 826Q00 . 120000 : more than 20000
Loss by abrasian s . 0.28 Y 0.7 ' I
‘Resistance to- weaking of - . Ll
——stitohed mterisl:;*:_lengﬁmiae 11.0 : T SR
(kg/mma) S eMdemise 18.6 ‘ A 100
: Beha‘vior towbrds boning watex‘ : resiatant\" '-A"not reaistant o -
| Bshavior towarda dry atmosphare - resiatantf“.ﬂ-.‘breaka eaaily~_ - .

o f;",%..;f.-W""Beoauaé of 1l;s elm 10 pmropertien ﬂla ﬁéiyugethnni m;‘zgié from 1 gol.ﬂ‘df.-r
.1,_6wltlusmyanate|+0. ‘mols. ‘i‘ l.ﬁbutyleneglycfljo. mol. of I T D RN

-

Ampregration.of fabrics. Obher mt;or'di’;ati ypes’
_the.. ,Iovelophant eiage are’ paﬂbl.y mndlo t‘ro:m tho -



| ox' - OH(CKg)q,NOG \._\
cns cou(cnz)4oa
o |

or from anphatio linear polvastera ‘with throo hydroxy groupu. “These materials

can be ‘used as foils. for eleotrical ingulating purposes, Bausege oasings resiatent

o boiling, ‘carrier materials for photographic £ilm end .similar purposes.’ (Sevoral

pages of the report are missing in thé microfilm. . The misslng seotion deals with
- the uge of diisocyanates in laoquers.) - .

...For the-use.in. lacquers. the. fonowi.np; oommeroially available daiigo=
oyanatea ahould bo cons idered wﬁIoh in the following table are arranged aocording
to their reactivitieez ‘ .

1.) 1-ohlorophany1ene-2 4-d1isocyanate
) metolylensdiisooyanate

8.) .1,6-hexanediisocyanate . '
) diiaooyanate from dianiaidine, m.p. 126 c. ( 0°5. mol. oryst.
063501)

4.

_CH3 t{B:;. )
5.) bcu( /-cnz—- ‘Nco. _m.p. 120%._

| ‘decreasing réébtivity

R The qusation of atability of 1aoqueru i‘ormula.tad aocording to the new
prooesa 'oan alsd be congidered from another: point' of viow, It is posaible~to
.uge, instoad of the diieooyanataa. compounde which react in-the heat-like-di= . .
“igooyanates, 1. e., thay are daoompoeed under formation of diisoayanatee. .- oot

: 5.4n this olass are, e« diphonylurethanea which can' bo prepared -
“either fronLgnso anat and 1heuol or t’rom the Fhonymstor ckt ohlc roromq aoid
and e diami

“‘u/

R =T




‘Another ‘groub

/cncommﬂacnzcﬂzmz cnzcnzmico i

»nooc cook -
lheating ’ TNa.OCgHB . )

‘_,;nooc\ e - 5 ,COOR'
/cnz+ocucnzcnzcﬂacnzcazgﬂznco+cna cxz

ROOC

which alao are daoompoaed on heatmg. Other suitable, eaaily decompoued 00m-
pounds can ‘be made: from the dxiuocyanates -and phenylmethlylpyrazolon, diphanylw :

anine or 1#3
' -C -c-—c
A

- OH
n

et et e Ao e b et e

Ahotlmr oompound oan be made from hexane~1 8 ,-diiaooyana'he +1 mol. of ammonia.o '

: i‘haae "oamouflaged” diisocyabates have the groat ddvantage thb.f:~1ao(1uer
.rbrzhula{:ioﬂe in which they are pregent. tin. be stored- for unlimited poriods of
.$olvinto oontaining hydroxy groups cen be used with them oince thoso sol=
vehto usually evaporate befare decompogition to the diiaOoyanato tokes placae
- The disa&ventagea of this typ of farmulation are the necedaity to oparate ab.
’ highér f;emperb.turas and ‘the fact “that ‘undesirable decomposition produot‘a are- .
formadl; It was found, homever, in larger-acale ‘experimentd that &, g the phenol
formad or maldnio eeter formed, as well, as their deoompbsition produb'ca ’ evaporate

-when the laoquer is burned in.

Ll The i‘ollowing compounds have been found 'l:o be uaai‘ul beoause thay oan be
_manut‘acwred chaaplyh Ta i \ :

1. A hydrolyzed, mixed poiymarimte oi‘ 807 vinylchloride 'and
‘ 207 vihylabatate; RERRE G ST )

2. A po‘lyester oontaining hydtbxy groaps obtainad by eatei'ifi- =
cation in vacuum of about 3 mols,. of - adIpio acid o thiodi- .
propi.onio oidy’ phta,l:lo ao:ld, dtoi and 4 mols. of Ari=
nothylolpropane, 1,2,4-trikydroxybutano, gbo. blenfiing
“the: eoid ¢ mponantu ﬁ; poal% e} r'aatiogey ’

1'b10 to. vary tha el




, ¥ wood,: rubbe golodn, plaqt on, et_L_i
oetera, f‘or whioh a euitabla‘material ag. not avn lable up
v_to now.| ;1‘_" b Bt L

-Zﬂhehroperﬁwmm-i : “WaBHobTOb=
’cainnble with other laoquer mteriale.

l
8. They show unuaual adhelion to. the surt‘ace and, oonaequent-
1y, very high gloss endy 1n most 08808, 4aro. resigtent to
low temperatures, They are wator resistant and are able
t0 bind: pig;manta; their res:atanoe +o weather and solven'ba
‘19 exoollent. . ) )
4. % have high olootrio resistance (apecii‘:lc reuistance -
1016 Ohm por centindter) - bocsuse the difeooyanate
»groupe react with all reactive hydrogen atons which ocavse
seleotrig. conductivity. _Thoy ere_algo remarkably resistant.
to oresp ourrents which is-of spsoial importanoe in the
mbnut‘aoturo of cableglaoquern. ,

The new lacqvrs have tho following d:leadva.ntagabr

1. Low stability of the i‘iniehed 1acquer aolutions. They
nust e used up in. one. day.

2. The neoesnity oi‘ ueing solveﬁta without hydroxy groups ani
the i'equiremant of the complete absendo of water,

8, Tla somotimes aharp odor of the lcm moleoular weight di.
1soayane.taa. : . .

‘L Tha good adhasion, the- high elastioity and ‘l'.he resistanoe to boi].:lng
water “of ‘goms of the” uooyanate “lacquers sppear. to make them ‘espa 0ially suital 1e
. £or the coating of tin cans. Since resinifioation~takes ‘place ‘without the ‘14 ra-»'._ )
tion of reaoti.on productsj the coatingn have ‘High" impermeability to gas., Tha -
‘reeistanoe to muatard gas. oi‘ diisooyanate 1aoquers exceeds tht ot' Oppanol. .

: Lo Tln fe.ot th&t-the in'&roduotion of urethane groupa imparks high water
- vesigtance to matelrials and algo that the linkago .of the mole: ules

diigoq yanateTs represents a very mild build%ns pri%oip].:r led t«F expex meub
f'"-:lmpro Hne|eed oil by this n methc:d. - "

“I - ii . t r l 3\ .'

b Li\[naeed 04l wau esteﬂriﬂed with tuhe oalculateuﬂ amomt 6f glycer:l\ne or |
1‘tbima%hyioldthaneito*fonh“the “diglyceride and to tho labtor was ther-added 0.6
/mole, of . ohloropho'nyleneaiueoow\yanate 9 , 1ted- in the- i‘o ‘*mabiox of a
_ cule ontaihing 4 dryivg?fatty aoid‘r dicales . .- j

[ B Tltae ditsooyapate-lj oils: have a’nu
;,tionu 1n thel £1e1dl of rust pro ‘_otion --the max

. for electrioal insblating purpdses, alr

|by, this method to obtain|rapidly and’|t

|arying properties Fike tyain or sardine oils

mole- -

erest,'ng app“uoa.f
d au‘ y. 1‘aeqpuera A

of oilj

o d 4t 26 oven’ i
. 'rying,qpnu»ﬁ'om,_ 11s- wit ' poor
!l O " ‘




oil. ™ :

i Linibe 041 propa
propertiea of oxidized 1inooed oil, dii

" highor elaét;oi'by, reaohqa “water vesigtance quicklﬁ} smc‘t :‘xb vory cbmpad;ible with

—buoio p.lgmonbe with which :‘Lt does not +hioken.
Its reaistanco to lighi: ia aomewhat Iena ﬂum tl'at of oxidized linseed

g e P

For the manufaotm'e o lthermosotting pla&tiozt the diisocyanate 19 nixod

" with ‘the polyhydroxy. compound in. approximtsly moler ratio- of the reastivo. groupa,

lorger amownts of £illera, e.gs, wood dust, ars added and’ the mixture of the two
components. 16 - rngted -urder hoat. end’ m‘onouve similar %o the menufacture of - proused
materials from bikelito or urea: resing. The limited stability of the diiso-
, oyanate-polyalcohol nixtures is a. diundvantage. If insufficient oare is teken the.
to - components” react’ already on the rolls of the mill dwring: mixing. " The rev ‘
materials for theae purposes aro, ‘therefore, limibed to the slowly rehcting aad
“high melting diisocyanates from -dianisidine and diap-xylyidinemethnne with which
quite good results have beon obtained when thoy were used with, oegey a po’lyos'i:or

- from-adipic-acid-and-trimethylolethane-similar -to-the-sstor-used in- Yaoquor-Loye—

" mulase At temperatures of 284 - §20°F. and a press. time of 5+10 m&nutes, me.terials

arb obtairied which have the following adwantagess
1, High rasiatanco to allmli.a:

2, Righ eleotr:to rea:lntanoe {3 = 5,000,000 megohm*aa come
- parod Eo 20 ,000 magohms fox‘ bakelite), » '

3. High x‘eaistance to oreep currents even when nioict;

& Mion éadior £low than bakielite masoes which permits tho
manufaoture of pressed artioles of 3 timds the .viedght.
o!' {:hoéé mado ot preaent from. phenolfcrmaldehyde resiua;

;:.S.A.:The mcai; importa.nb property of tlie- nim mherials 1a- thsir """"

. high elabtioity as indicated by '.lnoreaaed drop-flexibility.

_ Thio ‘appears to .bo the. solution of ‘the pidblen of an’ ‘
"elastio bakelits". Similar as in the lagquer: f.‘ield. here, -
.algo, the poaai’biliw is given to .obtain materdals with '« *
- higher auri'aoe ‘hardnese by tho use of preéomino.ntly dros
‘matio oompo nts, Whoreas ‘softor amd highly elastic .-

.. mator 18 are. obta d whon, pre’omim tly el iphatﬂt: o

‘preamre. : R\eainif‘loa.tiom 'take:\: placeu ‘,.
so rapidly'vtl‘mt no derormtation‘wnnd oy nge im dixqemionu

oboural

Materiax.- £ thi the’ ‘
.,,ion' P'Prtn lﬁr air?lanea ubures |for v 1"' -motal :
' bake ite 1, of 1 5 ‘ower strengths . Th
l' v plaetio- md ‘with(,




N1

4 m - AT
i dnfus: i ace‘rabe rayon, . Since: "'celuj!; is: spnn from-an ho )
éolution, LU ) advantageoua to uge’ ‘compounds . vhioh on heating to about 266°F."-_~
aplit of f dusooya.nates whioh Bubsequently reaot oompletely: with the longicellu-

lose oha:hme

: The :lsooya.nate group does not only react with hydroxy and amin groups
bu'b also w:lth oarbm:ylio groups acoording to the rolloydng aqua.ticm ‘

cnscoon + ocncans-—) cuscomczhr + coa

Thiu reac{:ion can be ueed ror thn manui’aoture of novel: and very atrong foam-type
materials. I,  0.5., 0 polysster made from e dicarboxyno aoid ‘and ‘a S=valent
aloohol and which still contains both free hydroxy groups and:free co.rbéxyho
groupd is. brought togother with a diiséoyahate, the ‘honoylike ‘mass bogina to .-
react'at about’ 6090, (122°F.), Porming urethane. and oarboxyamide bridges under
simultansous olimination of €03+ "The whole mags rises like dough and zolidifies
with increasing reeinifioation. ‘In this way it is 'posaible to minufacture fonm-»’
type materials of vary high strength and ‘any desired degree of elnstioity. ;
~material vhich, ‘e.g.; has a prepsure rosistencs of ‘about’ 10 kilograma por cubic
centimster and also satisfactory heat resistance up to 100°C.' (212°F.) is made
from tolylenediiaocyanate and a polyesi;er from oxalic acid, edipic acid end
trimethylolethane; it has a spaoiﬁo grhvity bolow 0.1. - , . .

At present the Germon Alr Force is extremely mtereatod in this matorial
for the manufacture of unsinkable airpldne parts. Boceuse of 'its great strongth
‘the foam material - oen - be- used- a:mml'baneously for 1oad-carrying construction parts.
‘It 18 superior to ‘balda wood used by the Amoricens. The new me.terial is alao
well suited for. insulation for low. femperai:urea. o ~»--;~v : :

- When .tt was o.ttempted to raplaoe vulcanization of the Buna, type of ..
synthetio rubber by the addition of diisocyanates to mixed Buna polymerizates
containing hydroxy groups or %o polyisobutylenes oontaining ‘hjdroxy, groups,_ it
_wag found that Buni-S already shows a definite wulcaniration effoot after trent-

—ment with- -didsogyanatess= Whe ther: the=slight - oxygon-oontent=of - hunn=or “the~ e
- ‘activb ‘double bonda or CHp groups are responsible for this phenomendn ‘has not Yot
‘bden oloared up. - It was found that -those vuloe.nizates ‘adhere extreﬁnly édrong;ly
. t0 the metal parts:of the ‘vuloaniging press. The' praotical utniaattlon of this
piianomenon gavo the long~-sought,adhesive for Buna. By means of diisobysdates it .
wag ; posgible to obtain temperawre-reaistant laminates of. Buna~-gulphur mixtures
-on ir n, light ‘mtdls, . _porcelain, et oeteru whioh eghowed a streng’ch up. to 80 -

diiao:hyanates of mitolylensd o and hexamothylpned4 wre
uﬁb peoi#ny s itnblen thege miterials are .commeroinlly evaildble as /| ..

; m lane7 - Only by modns | of ‘these ma J;erinln‘Lia 11-.‘Lrtaday

’ ‘t man\ actape tanﬁ treadb auppo\rta 8 & satﬂbfacto utos rub

, \materuals it hout 1he ‘use} of natural 1m'bbar¢ o) e
" In Levarldkuaon an. inve t:lgat on 13 tmdsr way to_'buudtires by,xheti “of

ulko lans" ‘Hxaing hnétal ora nd. rub r: up to. 1o 5 Had nob begn T

ou:lb e,‘gnia 1y be 14 ‘motall If the solutic

1‘; thi '

pmﬂ lo .
rizec .




! nd on. the inside of cellulose makes it possible.to.
build ‘o motal airplans by wood ‘construction method This vould mean that the -
construction. time for a honvy Liomber. could.be oub-to-aboub-1/3. —Ab-ths-sams-bine-
_the new material would have ‘a higher résistanco’to onomy bullets than tho. light . .
mstal sheetn without suppors. ' After the var this omstruotion matorial should;
bo found useful for eutomobile bodies. Vulean fiber with a coating 6f synthotio
rubber would-be an interesting —mterial  for the manufaoture of sultcases for the.
tropics. The Bune isooyanato leminate con also be used in the: field of -bynthetio

rubber aprings:” o B

O

-The- diloooyanates were genorally tested for thoir suitability asad-" -

“hosives. It wda found thit by mwans of these .compounds it wns poasible to solve
adhogive problems which up to now ocould rct be golved suocossfully. It was pos-
sible, éven in the cold, to cement Oppanol-shosts to iron or wood using & polyester
ag adhgeive. Ths lamimting of thin ehoots of wulecan fiber to give thick plates

" wWha g 1" pos gible arid “thsse plates ‘were equivalent to fﬁeﬂ;ﬁi ok vulcan fibsr plates

which required manufacturing procesees extending over. sovoral years. - —- -

Laminating of sheets of paper by meene of diisocyanates aloms or togethor
with e polyalecohol gives a material vhich, in all Ats.properties, is equal to .
vuloan fibery’ "It was oven possible to cement mstal to.metal by means of. thsae
compounds which, again, is important for- the mass production of airplanss. .=
- " 'The chemistry of thé interesting cemmting effect éan bo explained ed
followss I ' - S :

1. 'The dilsocyanates react with the oxide hydrate layers on
- "the metal surface,.thereby creating bright surfacess the
- -regldual valences-of the motal lattice and the urea .
- groups farm'a bond vhich possibly corresponds to a chomi~ .
=aal= bcn ‘ d:but:s m“be;at’~lense‘°°’nemered “80 8-860 ond‘ﬂ: ry P

'vaiehbo};f'bond,:, SRR

' 2. Tho ditsocyanstes are soluble in most organio matorials.
'3, .Tho. d41sonyanates caslly polymeriss dn the preseace of!
. metads, espocially iron compounds or basic materials. ,%kef-

. phenplates| and pyridine, to give high-molooular materdals
and o form miny|comeotive tridimsnsional triaxine ringe.

' 'Bven tho m tiona ’.A-‘Phbns\[liaowhnmf \\
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1 ”E::tromaly large mol
. ;.pertien. . i

2. The. basio nitrogan, wh:loh ia reapcrnaibler i‘or the binding
of aoids, must not represent ‘more tha.n 37 of tha moleoule.

3'.-"Complete 1naolubility or all aalta evan 131 boiling water.

!

-4+ Completo. absenae. of. tolor, no.brown. dinoolore.tion on ox-.
poaure ‘to 1ight; the resistance to light of ao:ldio dyes
must not-bo affeoted- e RIS .

6. The animalization agent ‘st heapreaont S.n the mhullest
pos aible dispersion. _

Subsequently, a pigment wag devaloped whioch couaist‘ed of a baeio poly=-
urea made by the mixed addition-of ohlorophenylenadiiaooyanate—l- b" 8'1 -
di(amidopropyl) met-hylamine +o- any- diamina -dosireds o b

i i

The. diiaooyanatea made it poaaible teo prepare waxea whioh are hydro=
phoblo and at the seme time insoluble in gasolime. A vatererepollant impregnent
which is under develojment consists of a wax which has beoen made from 1 mole of
1,6-hexanediisooyanate + 2 moles of & mikture of higher fat aloohols (Gi -cls)s
this material is used together with ziroon:lum oxyohloride and some Ke %

. ‘I'h&r Taw ma‘berials neoesaury for the manufaotm'e of the polyurethanes h
are diaminee. phoageue s glyooln and polyhydroxy oompounda.

For the mut'aoture .of limar polyurothanes ’ mainly 1 4~butyleneg1ycol -
“end mythyl-l,6-hoxanediol are ‘useds: 1,4~tu’canedio). is now very choaply availe.blé a
. oomercially by the Roppe synthesis from farmaldehyde and acetylenes 'The. mai:bylé
hexenodiol 1s.prepared. by hydrogenauon of a mixtwre of the esters. ‘of orudo !
- ‘methyln.dipio aoid shich o obteined-in-Leime-by:oxidatd on-of-a mixturo-of- cyclo- o
~hexenol. and mo thyloyelohexenol. - The dimthyl-l,8«propancdiol oan be obtained .
_from sobutyralehyde -nnd formaldehyda with gubsequoent’ hydrogonaﬁion. The idtro~
duetion of other.methyl groups or longer side chains gives linenr polymora whoae
A etrength and meltins poin'bu are already oonsiderably 1<mer. ‘

S Fiiw matorfals for the- diisooynnutes are. the oorreaponding aliphatio '
and aromatro dimkninea dmioh e cxon}|z worted mto \Eﬂsoo* T by meons 07 phoug«rnm

ey

- ‘ I coc:‘bz-r TRGRIE) + Goc1p = 00 Yo, +4 E0L

‘ \Df the stras.-htaohaun ddanings, tho 1J,e-ha:amothy11ened1amm is eaauy
“available by the wollilmown process in which adipia ‘a0ld dinitrile is. hydroger

. However;' ;E{empwb are. boing Ege to| stert with. r.é-diz., inob tanuzsincé 4 'is::o '

fiadg hea r from acetylens and HCH whidh vWould mean nddpodence

“benk his 1o/ based [on thy fact. 4t "4t has Heon found thnt
“ba -1 do d ectly| from goetyleie and| HEON b;yme Jpper ch

that the nltrile e.ddl z\mother‘t mole w‘of HON, in' thdi prase‘moe« )




, 0% of :tha - of _,,Gst diinooyanate. :
For the commoroial procaus 5 however,“—:ltfﬁ:ls 1ritended: to (paea the-fros ‘bade into a
-mixtwmfﬁhmwommum—phmherabmombiﬂirmwmocmortr
~ao0ld ealt:of the aminocarbamic acid chloride is-formed, :RCINHy' (CHz)g-NECOCL, .
vhich can bo furthsr reacted with phongene wi thout dii‘ﬂiculty. Tlm preparatloh
- of ‘mire diisooyans.tes hae, &% first, been very. dii‘t‘ioul'b since theue ‘compounds ,
are very-sensitive and polymarize eaaily. .The conversion of the. aromatic. diamines
into the diisocyanates is very easys:~The 1ow-iolecular’ waight compounds can be
d:lstﬂlei. whereas the diisooyanates with 2 benzene ‘nuclei cannot be: distilled .
on a large scale but in'soms. ceces. ‘thoy! geparate practically quuntitativaly from
the ohlorobennene subsequant to the treatmnt ‘with phosgenes . .

It i6 asouned that the linear polyurethe.nes will be produoed at the ,
samo prioe as the polyamides; ths polyurethane leathor which ia mde in thé molten
_etate. can be. produced. cheaper than the. competitive. polynmide.material.w <



