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T
H E d u p lic a t io n in d u s try h a s m u c h

in c om m o n w ith p h o to g ra p h ic

m a n u fa c tu r in g . In m e rc h a n d is in g ,

b o th o f th e s e in d u s tr ie s la rg e ly d e p e n d o n

th e su p p lie s , a n d v iew th e ir m a c h in e s

p r in c ip a l ly a s m e c h a n ic a l s a le sm e n , w h ic h

w il l s e c u re a c o n tin u in g v o lum e o f su p p ly

s a le s . C h em ic a lly , b o th d e a l w ith a m u lt i-

tu d e o f v a r ia b le s , b o rd e r in g a lm o s t o n in -

ta n g ib le s , in su c h d iv e rs e f ie ld s a s su r fa c e

c h em is try , c a ta ly s is a n d c o llo id s . A n d b o th

o f th e s e c h em ic a l s p e c ia l ty in d u s tr ie s h a v e '

fo l lo w e d a p o lic y o f c lo s e s e c re c y in p ro c -

e s s e s , w a iv e d o n ly in th e few in s ta n c e s

w h e n re a d ily e n fo rc e a b le p a te n t p ro te c t io n

c o u ld b e s e c u re d :

T h is a r t ic le w il l d is c u s s a n d c o r re la te

p ro c e s s e s a n d p ro d u c ts in th e d u p lic a t io n

In d u s try , in so fa r a s th e y a re re f le c te d

o r d is c lo s e d in th e p a te n t l i te ra tu re .

T h o u g h a ll p r in t in g is d u p lic a t io n in a

b ro a d s e n s e , w e sb a ll h e re c o n s id e r d u p li-

c a t io n in th e m a rc g e n e ra l ly a c c e p te d

m e a n in g o f th e w o rd , to s ig n ify th e p ro -

d u c tio n o f a re la t iv e ly sh o r t ru n o f c o p ie s

o n m a c h in e s th a t c a n b e h a n d le d b y a n

o f f ic e g ir l a f te r a few h o u rs in s tru c t io n .
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T h e c om m e rc ia l ly su c c e s s fu l d u p lic a t io n

p ro c e s s e s m a y b e d iv id e d in to th e fo l lo w -

in g p r in c ip a l g ro u p s :

1 . H e c to g ra p h P ro c e s s e s :

W rite o r ty p e w ith in k c o n ta in in g a so lu b le

d y e .

C o n ta c t w r i t in g w ith g e l a t j n o l / S m a s s in to

w h ic h th e d y e d if fu s e s .

C o n ta c t th e m a s s w ith su c c e s s iv e c o p y sh e e ts ,

in to w h ic h th e d y e is a d so rb e d f rom th e m a s s .

T h is p ro c e s s is th e m o s t e c o n om ic a l

w h e re le s s th a n laC ! c o p ie s a re re q u ire d ,

a n d is c h a ra c te r iz e d b y e x trem e a d a p ta -

b i l i ty to d if fe re n t b u s in e s s sy s tem s a n d

m a c h in e s .

I I . S o lv e n t P ro c e s s

T y p e o r w r ite o n p a r te r a g a in s t s p e c ia l a n il in e

d y e c a rb o n p a p e r , s o th a i a d y e c a r r r in g m ir ro r -

re v e rs e d y e im p r in t is fo rm e d .

P la c e th is m ir ro r - re v e rs e d y e im p r in t 0 1 1 re -

v o lv a b le m e ta l d rum .

C o n ta c t m ir ro r - re v e rs e d y e im p r in t w ith su c c e s -

s iv e C O p y sh e e ts , w h ic h h a V I ! b e t l ! p r e - n w i s t e n e d

w i t l l a l ~ a l c o h o l i c s o t o c n t . T h e so lv e n t d is s o lv e s

a p a r t o f th e d y e , th u s c a u s in g tra n s fe r o f s om e

d y e f rom th e m a s te r im p r in t to e a c h su c c e s s iv e

c o p y sh e e t .

C h em ic a l In d u s tr ie s

M a c h i n e w i d e l y u s e d t o . r u n c o p i e s

o f p a r t s a n d a s s e m b l y o r d e r s i n a i r -

c r a f t i n d u s t r y . T h i s m o d e l h a s b l a c k -

o u t s t r i p w h i c h o m i t s u n d e s i r e d d a t a .

The

Duplication

T h is p ro c e s s is th e m o s t e c o n om ic a l

w h e re a b o u t 1 0 0 to 4 0 0 c o p ie s a re re q u ire d ;

is c h a ra c te r iz e d b y e x trem e c o n v e n ie n c e in

o p e ra t io n , c o r re c t io n s a n d a lte ra t io n s .

H I. S te n c il P ro c e s s e s :

T y p e o r w r ite o n s t e n c i l , s o th a t th e s te n c il

is p e r fo ra te d a t p o in ts o f w r i t in g .

P la c e p e r fo ra te d s te n c il o v e r a n in k su p p ly ,

s o th a t in k p e n e tra te s p e r fo ra t io n s in s te n c il .

C o n ta c t s te n c i l w ith su c c e s s iv e c o p y sh e e ts ,

s o th a t in k p e n e t r a t e s s t e n c i l in w r i t te n p a r ts ,

a n d th u s p r in ts o n c o p y sh e e ts .

T h is p ro c e s s is th e m o s t e c o n om ic a l

w h e re m o re th a n 5 0 0 c o p ie s a re n e e d e d ;

is a d a p te d to s tra ig h t ru n d u p lic a t io n

ra th e r th a n to b u s in e s s sy s tem s .

C h em is try o f th e H e c to g ra p h P ro c e s s

T h e h e c to g ra p h p ro c e s s is d o u b tle s s th e

c h em ic a lly m o s t c om p le x o f th e d u p lic a -

t io n p ro c e s s e s , a s th e h e c to g ra p h g e l is

fu n d am en ta l ly a d y e s o l v e n t (n o t a d s o r -

b e n t ) g e l . A b o u t 3 0 0 y e a rs a g o , c la y -

w a te r -h o n e y c om p o s it io n s w e re u s e d , to

b e la te r s u p e rs e d e d b y g e la t in g e ls p la s t i-

c iz e d w ith g ly c e r in , c a rb o h y d ra te s - '. 1 3 .1 0

a n d m o re re c e n tly a ls o w ith g ly c o l s o l-

v e n ts ," . lU s u lfo n am id e s , s o d ium la c ta te '"

s o rb i to l
1 4 3

g ly c e ry l a n d g ly c o l p h th a l-

a te s 1 3 ~ e t c e te ra . T h e p ro te in s h a v e b e e n

p re d om in a tin g ly th o u g h n o t e n tire ly o f

a n im a lic o r ig in .

T h e n e c e s s a ry re s is ta n c e to a tm o sp h e r ic

c o n d it io n s is im p a r te d to th e g e ls b y ta n -

n in g a g e n ts ,6 8 ,1 8 w h ic h b y m o re o r le s s

g ra d u a l a c t io n in c re a s e th e re s is ta n c e o f

J a n u a ry , '4 2 : L , 1



th e g e l. T h e d e s ira b ili ty o f ta n n in g a g e l

to th e co rre c t h a rd n e ss ," , II an d a rre s tin g

a c tio n a t th a t p o in t is a c h a lle n g in g p ro b -

lem , an d o n e w h ich is c o m m o n to d u p lic a -

tio n an d p h o to g rap h ic in d u s try . A ttem p ts

h av e b e en m ad e to so lv e it b y p H ad ju s t-

m en ts /l .l c h o ic e o f ta n n in g ag en ts , a d d i-

tio n o f ta n n in g re ta rd an ts .!" rem o v a l o f

e x c e s s ta n n in g ag en ts .t '" a n d p h o to ch em i-

c a l ta n n in g ." T h e m o s t e ffe c tiv e m e th o d s ,

h o w ev e r , h av e n o t y e t b e en p u b lish ed an d

th e p e r tin en t p a te n ts m ay n o t is su e fo r

a n o th e r y e a r .

T h is p ro b lem o f co n tro llin g ta n n in g re -

a c tio n s m ay h av e co n s id e ra b le p o te n tia li-

t ie s in m ed ic in e an d g e ro n to lo g y > "

T h e am o u n ts o f a c e ta ld eh y d e n o rm a lly

co n ta in ed in h u m an b ro o d ,':" w o u ld am p ly

su ff ic e to ta n co m p le te ly th e b o d y p ro te in s ,

in a m a tte r o f m o n th s . S u ch ta n n in g is a

c au se o f th e r ig id ity , w h ic h o c cu rs w ith in

a few h o u rs a f te r d e a th .

c a l s id e re a c tio n s , o r it m ay b e d u e to

th e fo rm a tio n o f a ta n n in g b r id g e in so m e

p a r tic u la r p o s itio n in th e p ro te in m o le -

c u le . In e ith e r e v en t, th e re su lt is th a t

c u m u la tiv e ta n n in g o f b o d y p ro te in s , w h ic h

w e k n o w a s o ld ag e .

T h e C O p y s tre n g th , o r in te n s ity o f th e

co p ie s fro m th e h e c to g ra p h g e l, is gov-

e rn ed b y n u m e ro u s fa c to rs . S ig n if ic a n t a re

so lv en t p o w e r o f th e p la s tic iz e r fo r th e

p a r tic u la r d y e em p lo y ed ," a n d th e ra tio o f

so lid to liq u id in th e g e l c o m p o s itio n a s

w e ll a s th e g e l s tre n g th o f th e p ro te in

co n s titu e n t. A n y th in g th a t in f lu en c e s

d if fu s io n o f d y e lik ew ise a ffe c ts c o p y

s tre n g th , a n d th e h e c to g ra p h in d u s try is

a b le to p ro d u c e g e ls in w h ich an y g iv en

d v e w ill d if fu se a t a n y d e s ire d ra te o f

sp e ed w ith in v e ry w id e lim its , w ith o u t

c h an g in g ap p re c ia b ly an y o th e r p ro p e r-

tie s o f th e g e l.

O n e o f th e ex p ed ie n ts u sed fo r th is

c o n ta c t w ith th e co p y sh e e ts -c -e x c e s s iv e

ta c k le ad s to te a r in g o f p ap e r o n th e

rn a ch iu e , d am ag e to tb e su rfa c e o f th e

h e c to g ra p h m ass , a n d o th e r re la te d co m -

p lic a tio n s . G en e ra lly sp e ak in g , ta c k is in -

f lu en c ed b y th e ty p e o f p ro te in em p lo y ed ,

th e a c id ity , th e co m p o s itio n o f p la s tic iz e r ,

c e r ta in io n s , g u ru s ," s ta rc h o r th e

lik e ," , 8 an d m o d e s o f tre a tin g th e m a ss

w h ile in a m e lte d s ta te . T an n in g ag en ts ,"

o r so ap s ." re d u c e ta ck , a n d th e re b y in -

c re a se th e n u m b e r o f c o p ie s o b ta in ab le .

T h e m a ss m ay a lso co n ta in an tis e p tic s ,"

p ig m en ts ;" . 3 ~ e t c e te ra .

S ev e ra l ty p e s o f su rfa c e lu b r ic a n ts h av e

b e en u sed to p rev en t s tic k in g to g e th e r o f

h e c to g ra p h f ilm s o r b la n k e ts in th e p ro c e s s

o f h an d lin g in th e p la n t," . ~ 1 1 , ~ .. w h en n ew -

ly m an u fa c tu re d .

T h e su rfa c e co h e s io n o f th e m a ss [e

an o th e r v e ry im p o rta n t c h a ra c te r is tic . If

th is c o h e s io n fa lls b e lo w a c e r ta in c r itic a l

In one operation Ditto's gelatin machine will reproduce eight colors. These colored inks are laid down on a master

copy with pen o r water color brush.

,

In th e liv in g o rg an ism , th is ta n n in g is

c o u n te ra c te d b y (A )- th e d ire c tio n a l ta n -

ning u n d e r in f lu en c e o f re p e a te d s tre tc h

an d (B )- th e co n tin u ed s ta te o f flux in

th e p ro te in m o le cu le s , w h ic h a re co n tin u -

a lly sp lit a n d re -sy n th e tiz e d . In th is in te r-

p la y o f sy n th e tic a n d sp litt in g re a c tio n s ,

th e p ro te in m o le cu le s a re b ro k en d o w n

b e fo re ta n n in g h a s g o n e v e ry fa r , a n d re -

sy n th e tiz e d in a n o n - ta n n ed s ta te .

T h e ag in g o f liv in g o rg an ism s I b e lie v e

is d u e to th e o c c a s io n a l fo rm a tio n , b y

ta n n in g , o f b r id g e s b e tw een p ro te in m o le -

c u le s , w h ic h c an n o t b e b ro k en b y th e c e ll

e n zy m es . S u ch ir re p a ra b le ta n n in g m ay b e

c au sed b y ta n n in g ag en ts fo re ig n to th e

o rg an ism , o r fo rm ed b y u n u su a l b io lo g i-

Ja n u a ry , '4 2 : L , 1

p u rp o se is to em u ls ify in th e h e c to g ra p h

m ass , b e fo re g e lla tio n , a m a te r ia l n o n -

so lu b le in th e p la s tic iz e r . T h e u ltra m ic ro -

sc o p ic g lo b u le s o f th is em u ls if ie d m a te r ia l

w ill im p ed e d if fu s io n o f th e d y e b y su r-

fa c e e ffe c ts o r b y s im p ly in te rp o s in g n o n -

d y e so lv en t p a r tic le s in th e p a th o f d if fu -

s io n o f th e d y e . M an y o f th e v a r io u s co p y

b rig h te n in g ag en ts p a te n te d f" . 1 3 ', 1 8 U . 1 "

d ep en d o n th is p r in c ip le ; o th e rs o n th e

in c re a se o f d y e so lv en cy ," . 1 3 1 o r o n o b -

scu re su rfa c e e ffe c ts ." . lI l , U O , lU

T h e b rig h tn e s s o f c o p ie s , a n d e a se o f

h an d lin g a lso d ep en d o n th e d eg re e o f

ta c k in e s s o f th e co m p o s itio n , w h ic h m u s t

b e c a re fu lly co n tro lle d . A ce r ta in am o u n t

o f ta c k is n e c e s sa ry to se cu re ad eq u a te

C h em ic a l In d u s tr ie s

m in im u m u n d e r th e in f lu en c e o f h e a t a n d

h u m id ity , th en th e ad h e s io n to c e r ta in

co a te d ty p e s o f c o p y sh e e ts m ay ex c e ed

th e co h e s io n o f th e m a ss , so th a t p a r tic le s

o f th e m a ss lo o sen fro m th e su rfa c e , w h ic h

is th u s d e s tro y ed . C o h e s io n is g en e ra lly

im p a ire d b y an y th in g th a t in c re a se s th e

b r itt le n e s s o f th e m ass -e -e x c e s s iv e ta n n in g

is th e m o s t c o m m o n in f lu en c e in th is c la s s .

A n o th e r c h em ic a l p ro b lem in h e c to -

g ra p h d u p lic a tio n is to se cu re a f irm ad h e -

s io n o r "b o n d " to th e c lo th " . 1 8 1 o r h ig h

w e t s tre n g th p ap e r ,ll1 1 , 1 2 1 , H lI , 1 0 w h ich

se rv e s a s th e b a ck in g fo r th e h e c to g ra p h

g e l. T h e so lu tio n s fo u n d h e re m ay b e o f

an in te re s t fa r tra n sc en d in g th a t o f d u p li-

c a tio n in d u s try , s in c e th e ta sk o f se cu r in g
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adhesion betw een a pro tein and a base

m ateria l is a rather general one. M eans

em ployed for th is purpose include apply-

ing to the back ing m ateria ls coatings of

o ils w hich on oxidation g ive off tann ing

decom position products," adsorben t m ont-

m orillon ite type clays, tann ing agen ts." . ll ..

carried by nitrocellu lose type lacquers."

m utual so lven ts or p lastic izers". 32 , 38 , 138

and various non-tann ing ingred ien ts.37,lH

For an understand ing of the bonding

phenom enon it is im portan t to keep in

v iew that a bonding agen t is a substance

w hich has affin ity bo th for the pro tein

m ass and for the ad jacen t back ing , This

usually is a lacquer coated clo th or paper

of high w et streng th , a lthough other m ate-

ria ls have been contem plated .'. 12 , 10 , Ill!, H n

Obviously all tann ing agen ts w hich can

be im bedded or adhered to a lacquer coat-

ing , w ill b ind the pro tein m ateria l." H ow -

ever, a great num ber of substances w hich

are no t tann ing agen ts have the sam e

properties. To have tann ing properties, a

substance m ust com prise at least two

groups capab le of reacting w ith d ifferen t

pro tein m olecu les so as to tie these

together, For bonding purposes, it is

suffic ien t that the substance have oae

group capab le of becom ing attached to

the pro tein m olecu les, p rov ided the rest

o f the m olecu le is adap ted to becom ing

anchored to an ad jacen t coating of a

d ifferen t m ateria l. A s is the case in all

su rface phenom ena, the bonding is great-

ly affected by conditions of app lication

and by any preced ing treatm ent of the

pro tein gels or of the bonding agen t itse lf,

as w ell as of a great m ultip lic ity of o ther

physical variab les. W hile pro tein m asses

have been the m ost successfu l p ractically ,

num erous attem pts have been m ade to

u tilize o ther types of gelling ingred ien ts,

such as agar-agar," syn thetic resins." and

cellu lose derivatives."

W hen copies have been taken from the

hectograph m ass, it is im portan t that the

dye d isappear over a reasonab le period of

tim e so that the surface can be reused .

This d isappearance of dye is referred to as

"clearing ." C learing occurs-A . By ab-

sorp tion of the dye to that part o f the

back ing w hich w ill con tact it w hen the

hectograph blanket is ro lled up and

B. By diffusion of the dye in to the in ter-

io r of the m ass and reten tion of the dye

at that side of the back ing w hich is cov-

ered by the m ass." Special ingred ien ts

m ay be used ,ln and the rate of clearing is

profoundly affected by the com position

and form ulation of the hectograph m ass.

A ny change in com position w hich reduces

the speed of d iffusion w ill increase copy

streng th , bu t reduce speed of clearing .

The Solven t P rocess

In so lven t process duplication , the chem -

ical aspects are considerab ly less invo lved ,

although by uo m eans 50 sim ple as they

m ay appear, The so lven t liqu ids con tain
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Air Jines keep pilots supplied with

copied on Rat bed duplicators such

a h igh ly vo latile ingred ien t in m ajor pro-

portions, and a substan tia lly very m uch

less vo latile ingred ien t adap ted to soften

the m aster im pression 50 as to increase

the am ount of dye transferred on each

contact, and possib ly also agen ts to pre-

ven t corrosion of m etal parts con tacted

by the liqu id , denaturan ts, agen ts to re-

duce flamm ability , and the like . The con-

ven tional dup lication so lven ts are based

on m ethanol w hich has the advan tage of

h igh volatility and a rather m ild odor, bu t

the great d isadvan tage of tox icity . M ore

recen tly developed liqu ids;". 30 , H lI are

based on the non-tox ic ethano l in com bin-

ation w ith sm all am ounts of o ther so lven ts

w hich , by form ing balanced constan t bo il-

ing m ix tures, im part to the com position

suffic ien t vo latility . F luorinated hydrocar-

bons of the "F reon" type have been used

to reduce fiamm alrility .V "

In som e cases, the liqu id in the so lven t

process m ay be applied to the back side

of the m aster." . 4 .lI, 5 ', 65

In the dye carry ing carbon papers used

for m aking m aster im pressions for the

so lven t process, it is natu rally no t neces-

sary that, the dyes em ployed be water so l-

ub le . O n the contrary , w ater non-so lub le

dyes,2G ,4 .11generally have a superio r fade

resistance. D yes so lub le on ly in acid m edia

have been used in conjunction w ith acid ic

liqu ids." H ow ever, it is o ften desirab le to

use the sam e dye for hectograph and {or

so lven t dup lications, as these processes m ay

be used to supplem ent each o ther in com -

posite insta lla tions.

C hem ical Industries

Photo: Ditto, Inc.

weather

as this.

reports and huge weather

Apparatus is easy to use.

maps

The dye carry ing and depositing sup-

p lies such as carbons and hectograph rib -

bons are of crucial im portance to the hec-

tograph as w ell as to the so lven t proc-

ess. The num ber of cop ies and their

b righ tness is lim ited by the am ount of

dye deposited and can be increased beyond

a certa in lim it on ly by im provem ent in the

carbons and ribbons. The in tensity is

governed by the character of the dye

selected ,1 l1 l,128 the hardness and compo-

sition '" . 110 , 117 , UG of the w ax m ateria l

veh icle ,':" m ode of incorporation of the

dye in the veh icle and the ex ten t of sub-

d iv ision or comm inution of the dye, as w ell

as on the presence or absence of unconven-

tional ingred ien ts '" . 8~ , 118 and pre-treat-

m ents of the base clo th m ateria l.P " A ll o f

these facto rs have to be adap ted to the par-

ticu lar app lication in v iew .

In recen t years, the use of prin ted so l-

ven t process duplication m asters has been

vastly ex tended . For m any applications

prin ting inks are form ulated in w hich

the hectograph dye takes the p lace of the

conven tional p igm ent and the veh icle is

either a so lven t fo r th is dye,1 .25 or suffi-

c ien tly so lub le in the o ther m edia w ith

w hich it is con tacted to release the dye

partic les in a sta te free from any non-

so lven t film . C erta in specialty prin ting

processes bave been em ployed .". j an

M uch progress has been m ade in recen t

years in the prob lem of fade resistance.

The dyes w hich have the h ighest tincto r-

ia l streng th are unfortunately rather sus-

cep tib le to fad ing w hen exposed to d irect
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sun light. H owever, they can be protected

from this action by incorporating light

filtering substances in the duplication sup-

plies, by including dye m ordanting agents

in the copy paper,". 43, ~~ , 50 or in the sol-

vent. In th is m anner, the dye is trans-

form ed in the paper to an insoluble form

which is substantially non-fading and

which can be guaranteed to last m ore than

one hundred years under ord inary office CO Il-

ditions. These im provem ents have greatly

contributed to the w ide spread and in-

creasing adoption of the hectograph dupli-

cation process by insurance com panies

where perm anency of records for the

m axim um hum an life tim e is prerequisite .

The character of the copies is largely

influenced by the paper surface. D ifferent

types of fin ishes are required for use w ith

solvent duplication and w ith hectograph.

In the form er case, special ingredients m ay

be em ployed to precip itate the dye and

prevent b lurring or penetration in the

paper. In the case of hectograph duplica-

tion , a highly porous paper w ill produce

bright copies and a lim ited run , w hile

low er porosity cl the paper results in a

longer run of less brillian t copies. Surface

treatm ents of the papers w ith w etting

agents.':" and special so lvents '". 211, aa have

been recommended in certain instances.

The papers used for m aking the m as-

ter im pressions present a problem no less

com plex . In the case of the hectograph

process, it is im portant that these papers

present surfaces im perm eable to oily rib-

bon inks." W ith solvent process duplica-

tion , It. it is necessary to contro l closely the

adhesion properties betw een the paper and

the w ax vehicle that carries the dye in

the paper surface, as o therw ise the dye

im pressions from the carbon paper would

be insufficien t in volum e or too broad.

In m aster paper, the hygroscopicity char-

acteristics are highly significant as th is

type of paper is w idely used for prin ting

w ith hectograph prin ting inks, and there-

fore m ust not curl or present o ther d iffi-

cu lties in handling on prin ting presses at

h igh speed.

The S tenctl P rocess

The stencil process is chem ically far

less com plex . The stencil inks are m ainly

solu tions of dark dyes in glycerin type

so lvents." or in oil type m edia." S ince

the tinctorial strength of the dye in each

im pression needs to suffice only for one

copy, no need exists for the use of high

in tensity dyes and the form ulation is cor-

respondingly sim plified . The principal re-

quirem ents are that the ink penetrate the

stencil w ithout build up and that it does

not spread or "feather" excessively .

N aturally , the vehicle of the ink m ust not

affect the coating of the stencil. This coat-

ing is either a cellu lose ester ;87 , ft,. 91 , &e,

1111.)00 , lor ether /01 or a paraffin type coat-

ing.". 7S , 73 , 71 although other m aterials

such as proteins,". 81, 82 , 1 ;3 , 84 . 8ft, 88 , 11 '1

shellac.". 80, 1M , 116 certain resins;". 108, 11)0 ,

ltO , U3 waxes,H ,76 bentonitic clavs;"

m etallic film s,':" nylon type products.i'"

agar-agar,':" n itro starch .t'" or generally

organic polym ers of elastic character and

am orphous structure;':" m ay be em ployed.

Ptwto : Ditto. [KC.

Many insurance companies make copies of permanent records on gelatin
machines. Photo above shows a battery of gelatin machines in oflice use.
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The stencil coating m ay occlude a lubri-

cating oil/0 3,107 in a finely div ided state .

The stencil processes and the hectograph

processes can be advantageously com bined

by em ploying a special hectograph stencil

ink on a stencil m achine. Each copy pro-

duced in such a m anner is a hectograph

m aster, and can be used in turn to m ake

a large number of hectograph copies.

A developm ent of the stencil process is

u tilized w ith the E llio tt A ddressing m a-

chines, in which an oleaginous type ink is

being im pressed through a sm all stencil,

of type adaptable to handling or indexing

in business m achines. The possib ilities of

com bining th is specialized type of stencil

duplication w ith the hectograph process,

are very in triguing .

N um erous specialty- processes have been

developed, but these have not gained com -

m ercial im portance com parable to the

three principal processes just outlined .

V arious w ays of using sym pathetic ink

reactions for duplication purposes have

been parented ,". ft7 , eo and are being re-

subm itted to m anufacturers every year by

hopeful inventors.

M ethods of copying m atter w ritten or

prin ted w ith ordinary record inks. have

been considered since very early dates. aD ,

.0 , 41 It appears that photographic m ethods

com bined w ith stencil". 92 or hectograph".

l38 duplication w ill provide the m ost eco-

nom ical so lu tions of th is problem .

The concept of duplication is as old as

the commercial use of w riting . The seals

or signets used commonly in the N ear

East several thousand years before Christ,

are noth ing but duplication instrum ents,

obviating the need for re-w riting in the

laborious sty le of those days. A n inscrip-

tion in negative obviously m ade by im -

pression , has been found in Persia , w hich

dates {rom the th ird century A . C .

The grow ing complexity of transactions

and the concurrent developm ent of m e-

chanical bookkeeping and w riting m eans,

have necessitated a corresponding develop-

m ent of duplication .

Today, no need exists for re-typing in

connection w ith the num erous reports and

data required by the com plexities of ac-

counting , sales analysis and contro l, or

reports to governm ent agencies. A ll the

inform ation required {or these various

purposes is typed but once, and the requi-

site num ber of reports are m ade in a m atter

of seconds by running through m achine

blanks prepared to record or to om it any

selected portions of the data, as needed by

the various departm ents. The executive

file report show ing all the data relating to

the transaction is m ade from the sam e

typing as the label, w hich show s only the

address of the custom er. The tim e thus

saved, and the elim ination of errors on re-

typing , is today saving literally m illions

of hours and dollars for defense and

other industries.

Looking tow ard the fu ture, one m ight

71



foresee still closer connection between

duplication and all other types of business

machinery, a greater differentiation be-

tween supplies adapted for specific require-

ments in copy strength and intensity, and

the advent of new processes to keep pace

with the ever changing complexities ol

our needs.

T1H~ author wishes to l.'xpres~ his app recia-

tion to T. \V. Robinson, ,Tr., vice-president of

Ditto, Ine., {or the active encolJ~a.'!~ment of r-e-
'Search ill fields related. to duplication and for

several valuable suggestions.

1 F. C. Gottschalk, U. S. P. 1,475,263 (1923).

2 A. Isaacs, U. S. P. 1,151,951 (1915).

3 C. A. Kenworthy, U. S. P. 831,614 (1906).

4 r. F. Ewen, U. S~P. 778,647 (1904).

5 R. J. Kirkland, U. S. P. 686,661 (1901).

6 E. G. Sultrnann, U. S. P. 534,805 (1895).

7 W. Schwartz, U. S. P. 478,892 (1892).

8 E. Assmy, U. S. P. 446,483 (1892).
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10 O. Lelm, U. S. P. 369,536 (1887).

11 E. L Nichols, U. S. P. 359,170 (1887).

12 W. G. Morse, U. S. P. 325,353 (1885).

13 H. S. Myers, U. S. P. 287,457 (1883).

14 J. Bj ur ksten , U. S. P. 2,228,108 (1941), 10

Ditto, Inc.

15 W. Hoskins, r-., U. S. P. 2,195,926 (1940),

to Ditto, Inc,

16 J. Bjorksten, U. S. P. 2,191,514 (1940), to

Ditto, Inc.

17 J. Bjorksten et al., U. S. P. 2,181,864

(1939), to Ditto, Inc.

18 H. E. Collins, U. S. P. 2,163,934 (1939),

to Ditto, Inc.

19 J. Bjorksten, U. S. P. 2,153,324 (1939), to

Ditto, Inc.
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to Ditto, Inc.

21 W. Hoskins, r-, U. S. P. 2,098,662 (1937),

to Ditto, Inc.

21 B. Heermann, U. S. P. 2,098,092 (1937),

23 W. Hoskins, r-; U. S. P. 2,088,417 (1937),

to Ditto, Inc.

14 W, Hoskins, Jr., U. S. P. 2,086,032 (1937),

to Ditto, Inc.

25 R L. Lester, U. S. P. 2,085,197 (1937),

to du Pont de Nemours & Co.

26 P. V. Brower, U. S, P. 2,077,874 (1937),

10 Ditto, Inc,

27 W. B. Whitmore, U. S, P. 2,071,910 (1937),

to Ditto, Inc.

28 W. B. Whitmore, U. S. P. 2,024,408 (1935),

to Ditto, Inc.
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to Radio Corp. of Amer.

31 L. J. Sauer, U. S. P, 1,937,790 (1933), to

Ditto, Inc.

32 C. S. Miner, U. S. P. 1,929,601 (1933), to

Ditto, Inc.
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Co.

34 W. Hoskins, Jr., U. S. P. 1,750,754 (1930),
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43 M. H. Chapin, U. S. P. 749,684 (1904).
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to A B. Dick Co.
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65 T. R. Cochran, U. S. P. 2,144,104 (1939>-

66 E. de Zuccaro, U. S, P. Re. 8,853 (1874),

67 S. Horii, U. S. P. Re. 17,267 (1929)

68 II. L. Shallcross, U. S. P. Re. 18,205

(1931), 10 Shallcross Co.

69 J. Underwood, U. S. P. 38,686 (1863), to

\V. Maynard et at.

70 \Y, H. Spencer, U. S. P. 234,927 (1880),

to R. M. Bell.

71 D. Gestetner, U. S. P. 332,890 (1885).

72 J. Brodrick, U. S. P, 377,706 (1888).

73 A. B. Dick, U. S. P. 466,557 (1892).

74 W. G. Fuerth, U. S, P. 467,890 (1892).

75 E. de Zuccato, U. S. P. 548,116 (1895).

76 A, B. Dick, U. S. P. 559,687 (1896), to

A. D. Dick Co.

77 A. B. Dick, U. S. P, 562,590 (1896), to

A. B. Dick Co.

78 B. B. Goldsmith, U. S. P, 925,328 (1909).

79 J. C. Udall, U. S. P. 929,730 (1909).

80 F. D. Belknap et at, U. S. P. 1,045,934

(1912).

81 A. B. Dick, U, S. P. 1,094,837 (1914), to

A. B. Dick Co.

82 F. D. Belknap, U. S. P. 1,101,241·2

(1914).

83 A. B. Dick, U, S~P. 1,101,260 (1914), to

A. B. Dick Co.

8+ L. E. Fuller, U, S, P. 1,101,268·9 (1914),

to A. B. Dick Co.

85 L. E. :Fuller, U. S. P. 1,101,270 (1914),

to A. B. Dick Co.

86 F. D, Belknap et al., U. S. P. 1,110,869

(1914).

87 S. W. Fuerth, U. S. P. 1,196,098 (1916),

to himself and G. W. Fuertb.

88 R Hochsteller, U. S. P. 1,198.442 (1916),

to Ault & Wi borg Co.

89 E. Thomas, U. S. P. 1,304,120 (1919), to

Underwood Typewriter.

90 L. V. Landau, U. S. P. 1,348,812 (1920),

to Landau's Instantaneous Duplicator Co.

91 A. Schapiro, U. S. P. 1,400,771 (1921).

92 D. Gestetner, U. S. P. 1,456,794 (1923),

to D. Gesletner, Ltd.

93 A. de \Vaele, U. S. P. 1,530,358 (1925),

to D. Gestetner, Ltd.

94 \Y, P. Pembroke, U. S. P. 1,546,474

(1925), to Keelox Mfg. Co.

95 G. Leonard, U. S. P. 1,576,663 (1926).

96 G. Leonard, U. S. P. 1,578,896 (1926).

97 P. Campion, U. S. P. 1,592,338 (1926). to

A. B. Dick Co.

98 P. Campion, U. S. P, 1,592,340 (1926), to

A. B. Dick Co.
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to A. B. Dick Co.
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to du Font de Nemours & Co.
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to Ditto, Inc.

115 M. O. Schur, U. S. P. 2,116,544 (1938),
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116 E. Schwabe, U. S. P. 2,135,735 (1938), to
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(1940), to Ditto, Inc.

121 J. Bjorksten, U. S. P. 2,191,514 (1940),

to Ditto, Inc.

122 W. O. Snelling, U. S. P. 2,191,731 (1940),

to Trojan Powder Co.
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131 'V. Hoskins, jr. et al., 2,240,041 (1941),

to Ditto, Inc.

132 J. Bjorksten et al., U. S. P. 2,243,078

(1941), to Ditto, Inc.

133 R. C. Bour, U. S. P. 2,247,347 (1941), to

Ditto, Inc.

134 W. J. Champio-n, U. S. P, 2,247,349 (194'1),

to Ditto, Inc.

135 J. Bjur-ksten, U. S. P. 2,254,469 (1941),

to Ditto, Inc.

136 A. L. Hess et al., U. S. P. 2,254,483

(1941), to Ditto, Inc,

137 W. J. Champion, U. S. P. 2,255,912 (1941),

to Ditto, !llC.

138 W. J. Champion, U. S. P. 2,257,105 (1941),

to Ditto, Inc.

139 W. Hoskins, Jr" U. S. P. 2,257,116 (1941),

to Ditto, Inc.

140 A. K. Smith, U. S. P. 2,258,628 (1941),

to- the Inst. of Paper Chemistry.

141 ]. Bjorksten, Chemical Industries, 48, 731,

(1941),

142 B. Weill, French 357,744 (1905).

143 ]. Y. Johnson, British 282,894 (1928), to

L G. Farhen.

144 R. C. Bour, U. S. P. 2,260,506 (1941), to

Ditto, Inc.

145 \Y. Hoskins, Jr., U. S. P. 2,260,379 (1941),

to Ditto, ] nco

146 ], Bjorksten, U. S. P. 2,262,488 (1941),

to Ditto, Inc.
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