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Hendrick Conical Tumbler Blenders were devel-
oped for the rapid and e�cient mixing of solids in
sll states of particle division ranging from large
pebble to 200 mesh size powders. These Tumbler
Blenders are available in s wide range of sizes and
capacitiesffrom laboratory model; to large units
for the blending of �ve tons of solids per batch.
Conical Tumbler Blenders are ideally suited to the
blending of : _ _

Pigments or colors.

Plastic moulding powders.
Ores for assay purposes. &#39; -
Salts in pharmaceutical preparations. &#39;
Dyestuffs.
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1. End~to-end tossing action.
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2. Scattering lattices. -

The end-to-end, or bin-to-bin, tossing action is
developed by setting the angular velocity of the
tumbler at that point at which the centripetal and
centrifugal forces acting upon any particle in the
bin are critically equal. This tossing action prevents
the rolling of the mass on itself, thu guaranteeing
a maximum rearrangement of spacial relationships
between particles per spin of the tumbler. The ex-
clusive Hendrick �ba�led-fall� feature is obtained

by the positioning of a lattice or grating so as to
exert a scattering action on the tumbled mass. These

lattices or gratings may be incorporated in remov-
able sections. They prevent the unhampered falling
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�I. Fractionation e�iciency up to 50 theoretical plates.

2.

- 3.

Fractionation charges from 2 ml. to 5000 ml., inclusive.

Temperature range from room temperature to 7S2°F.&#39;
�00 C!. __ _� ___ _____ _____ ____ __ ___

4. New precision device for adiabatic temperature con-
trol.

. 5-
- 6.

Atmospheric or vacuum fractionations.

Three interchangeable fractionating columns.

Improved spiral packing for small column.

Rapid fractionation with complete visability.

1

-"�£{_¢�

Easily operated with a minimum of experience.

Special machined supports for assembling apparatus.

ll. Precision oontrol panel for operating the column&#39;s
"Staggered Dual Heating Unit" and still pot.

I2. Specialaluminum alloy pot beater with low tempera-
" ture lag. I

I I3. All metal parts-noncnrrnaive to normal laboratory
- atmosphere. &#39;
n

t

� I4. Rapidly assembled or dismantled. .

92

v

3

n

An e�icient and versatile laboratory fractionation column assembly with a
new method of adiabatic temperature control for complete fractionation
of many types of organic liquid mixtures either at atmospheric pressure

, or under vamum. .

For additional experimental results, methods of operation, and details, see
article, �E�icient and Versatile Laboratory Fractionation Column Assembly,"
by F. Todd, Ind. Eng. Cbevu., Anal. Ed., Vol. 17, page I 75, I945.n

Write for article reprint and TECHNICAL
&#39; BULLETIN I00 for more detailed information.
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&#39; 617950 FRACTIONATION COLUMN ASSEMBLY... $115.
v 4

G 11955 CONTROL PANEL . . . . . . . . . . . . . . . . . . .. . 75.

cnoso ALL PURPOSE LABORATORY HEATER. 1 zs.

_ ._..

� �92

ACC ESSORIES
g  lat Included in the above assembly pl-hll &#39;

G 11965 STILL POTS. Pyrex glass, with I9/38 standard taper
_ joint, thennometer well, set of eight assorted sizes with

the following capacities: I0, 25. 50, I00, 250. 500, I000,
and 2000 ml. . . . . . . . . . . . . . . . . . . . . . . . .. .Set $37.

c 1-mo vacuum RECEIVER, Pyrex glass, so ml. capacity,
graduated in l ml. divisions, with five  Si standard taper

1 stopcocks for making necessary connections. . . . . $25.
II -92 "

&#39; &#39; G W975 HELICES. Pyrexglass, 3/32" dia. for packing both the
&#39; l2 and 25 mm. columns. . .&#39; . . . . . . . . . . . . .. .Lot $21.

_ .  These helices are non-corrodible and are a generally use-
. . �

_- ful size for the majority of atmospheric or vacuum precise
=�. " _ fractionations. The precision spiral Monel packing is nor-

� mally included for the 5 mm. vacuum jacketed column.!
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�I-US PR.F.ClbE FRACTIONATION &#39;ASSEMBLY is the
the result of a comprehensive and critical study of prac-
tically all signi�cant reports on methods and apparatus
�or precise laboratory fractionation: whid: were published
in the United States, British, French, and German scienti�c
literature. In addition, the methods and apparatus sur-
veyed have been subiected to exhaustive etperimcutll I288!
in our laboratories. These tests have shown the need for
a versatile and e�cient fractionation apparatus of more
pracdcal design to meet t.he varied fractionation require�
lneuts arising in chemical lab-oratotia. To meet this need,
a new, truly versatile and highly e�icient laboratory frac-
tionation column assembly was developed with several
practical features which enable this single assembly no
eliminate the we of a number of fractionation units for
solving di�erent problems.

&#39;I&#39;heuseoftherecommendedpacltingsint.hethreeinter-
changeable columns of this new assembly gives unusually
high lractionation e�ciencies over comparatively wide
rates of boiling either at etmospberic pressure or under
vacuum. These particular packing: eliminate the frequent
disadvantages of the use of precise re�ux ration control
devices which are invariably bullty, tedious to operate, and
frequently have large hold-up tapacily.

���~ ��- _�;---� � .� - ���-.- _ 14... -- &#39;*_;�_ _ rye.-7 _: _.:&#39;_

- - F

" I

I �I-1
v 1

ti _

H

j__.**:-&#39;�_:7 *7�_��%---wqp-1-
A.mongotherfean.tres,tlu:¢illbe=adoftb.isassembly

overmmcs the above disadvantages by having a sped-al
wmpa�t design, constant operation, very low holtldup
capacity in operation �.6 |:nl.!,- and ease of control. The
compact design allows the entire still head to be mm-
pletely enclosed within the beater iacket, tlsus enabling
the entire fractionation assembly to operate under emeti-
cially adiabatic conditions ranging from room temperature
so 7521�. This range far surgpasses that of any fractionation
equipment reported in the literature �

The patented �Staggered Dual Heating Unit� operates
dnis assembly semi-automatically under practically adiabntitt
conditions lot maximum fractionation el�ciency with com-
plete vissbiliry to all parts of the assembly. This special

unit eliminates the necessity of using is-agile and
expensive silvernd jackets which frequently nsahe
observation di�cult during the fractionation
protns. - -

&#39; Theslso-ve and numerousotberpracticalieatutes

of this fractionation column assembly not only malsle
this equipment to be readily operated with very
little experienu but also make it a 3-enerally useful
piece of laboratory equipment for all types of simple
or complex miatura requiring precise fractionation
in a minimum of ti-me. &#39;l&#39;he numerous practical
advantages of this fractionation auembly are well
recognized by the hundreds of laboratories presently
using this assembly. -
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suoczserm. operation and general ac-
ceptance oi ourliret model Cartesian

Ilanoetat  over 3.000 in ueel has led to

the development of a new. more eerie!-

Iive, completely unitized and mounted

instrument.

The Eajnil Gretnnr Company, �rst to ol-

ler a regulator that operated purely on

a pressure principle. now. oiiere an im-

proved model oi that regulator.

The new manoetat in mounted on cl

eupport and unittzed to insure late

hcmdling and easy installation in the

laboratory. One three-way etopoock has

replaced the two etraight bore etopoocke

�mo� .. - ,.. §_..,.&#39;: t  ""
." *5,-_ .

"5  27*. &#39; .
.1;- .. -1%--it,  � &#39; . .*-3:-.-i-Q-., .--f ... ,;n,:.i,..~q-&#39;_-_:&#39;-"iI&#39;  _. -5;! - -» - . -_._,__,_a-. - -.eo¢3_,_,_i92�.- .- ~ -~--=,¢;>~- - _  ¢¥£&#39;i,.  _.92:-, ._¢. _

lorrnerly used. which niakee tor easier
manipulation oi the tnetnunent.

By increasing the diameter oi the �oat
and the �oat chamber, we have In-

creased the eeneitivity to the point where

any laboratory eyetena can be held at a

aonetant eubatmoepheric pressure rang-

I.ngIro:n75O|n.:n.oIHg.downtoabout
I nun. or leee. The eeneitivity and capac-
ity oi this device has heart developed in
a recent publication which erplaine the

theory and operation.�

We therelore recommend this device

as a anoet convenient. effective nreane

lor obtaining reduced pressure oontrol

In vacuum dtl�llatione, vapor�liquid

equilibrium meaeurexnetrle. etc. Thin de-
vice preeente a nhnple, positive mean:

lor netting and maintaining any desired
vacuum in a eyutem It eli.n:i.n.atee all

electrical appliances and no additional

acceeeoriee are required other than

ehown in illustration.

Thelonoztioniotgieesploioedlrythelcntlld
whentlupeeaeureieredooedlethededredpoht

tnthenanoetaiandeyelemmqualpreeeureeniete
wtthtnthenercu.ry-eeatedhellochalnberdthe
lodancloateideollfheaercurytherebrei
dtheeaneieeel.

lilo-cncItheetopcodhdoeed.lthalrvl|vn
�aianyevocnationolthee-yetenoancnlyhe
uaoomplllhed lhlooohlhewtlaewhichiiow
gm:-emryteenereau-liameeun

Thehdlndezceedbythewp�lydlll
pomp! which maybe tntentieoaily huroduoed

 Pete _ ,
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nawwueee hicreaeedyoeeeure intheeyeten
and u-nuequenl mercury  Gown-
wavdoatside melemeeaepvwauua-um�

leen.11ieleertt»e�|in1=|.=P¢n1no==r>t!-eerilee.
andpnnihnnnehictedelhattetwhichthenlr

etoreeequilibrtaaaetla�oatrteeendpuehee
ttrediecincontaawtththeeetlceandlhretllee
Iliee�ectollhepurnpuroquired.

With properly anetllhled eyetem. �oati-
curateooatrolhehedned.

Ill�. Carteeian Ianoetat. hnpreved Ielel

oonrplete Q llluetratld. nde oi py-re: glue.
lounted on Ipedal atunlnum nipped- ea. III.�

We will welcome your inquiries cocerntng
larger and more eenettive unite lor epedal nee.

�fer nl�plete lerelh. eee er�de by lever Ollneer h
lie Oclober I&#39;ll! ledy�cal Id:-�ee of �bloat-ldall
Ieeunm; Ceenun-1." &#39;

E/Mil GTE]/I/EL� Q. "
I61 SIXTH AVENUE NEW YORK I3. N. Y;

Breech Office: 112 BROADWAY,_CAMBRlDGE, MASSACHUSETTS
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�wM  &#39; I
STAINLESS STEEL WEIGHTS.

.-_ e.-v- " 7-,_--"� - -__,.-.-
�_::.�-&#39; " -4" _.--

. II.9-135--!-�¢&#39;=�-&#39;= ""~01 1 � �

.-a. _ . _ - I 5 � ___
Jr. - .-�" .&#39; .5/"&#39;: , -�-T.T&#39;-_�::- "54 92- / �.9.-.i_I . .&#39;- . I_ � __, - &#39; " _ - 1---»�-� .&#39;..--&#39;" _. _. .v� �- - &#39; _&#39;.."�:f&#39;"&#39; " &#39; .92e -� &#39; &#39;1� 57&#39; if: 5 -.

- _vs 5 {If .1 f �." *8 .». :" .- ._ �-&#39; � n .:1 7     l
; A �-._�W5 � -»�F i �&#39; .Y""?&#39; 2*"-&#39;

." "V  "&#39;""r-<1: I�?
1;� 1 �,-� L6,�. _. _. I

&#39; " _ &#39;-_ -_1f..�-::_&#39;l&#39;-�: :5:-T1�
-�E. - -.2---"" .--&#39;7&#39; 1&#39; &#39;7-- _92__, - .. .--- , .&#39; _,I-&#39;,-r __ __ __&#39; , _. .,4- »�" _,. V -<-1 __- . ._ -;. ..-  _ ,. . V - - -. _-. s ,4;   .1~..r ..&#39;-&#39;t_"- as &#39; - .-ow-4-_

ae &#39; &#39; ..&#39; - -

.1f&#39; --�-
-: &#39;12-u*&#39;l

NON MAGNETIC - RESISTANT TO CORROSION -STABLE

Voland Stainless Steel 92Veight.s are made of a non-magnetic
alloy. specially selected, which is highly resistant both to
abrasion and surface oxidation. Precision of adjustment
over long periods of time is thus assured. These weights
are not hygroscopic and therefore do not change weight with
changu in humidity. They a&#39;re resistant to corrosion and will
withstand most laboratory chemicals. A hi hly polishedsurface eliminates the need for lacquer or eager protective
coatings.

Voland Stainless Steel Weights are available in all standard
sets and in individual weights from one gram to one hun-
dred grams, adjusted either to Class S or Class S-2 tolerances,
as desired.

Class S sets are furnished in polished wooden hoses, velvet
lined, with nylon tipped forceps. Fractional weights are
protected by a glass cover. Two riders are included in
each aet.

Class S-2 sets are furnished in wooden boxes, velvet lined,
with brass forceps. Two riders are included in each let.

Glass covers over fractionals in Class S-2 sets are 75c extra.
Nylon tipped forceps for Class S-2 sets are $1.00 extra.

0
&#39; --PH1CES--

Pris: Pris!
SET Class S Clara S-2

20 grams to_1 mg. .._..______.__.._..__. $29.75� $58.50
50 grams to 1 mg. ......_......_........ 32.00� 19.25

100 grams to 1 mg. ........__.._..._ 34.75� 21.75
�Class S acts supplied with Platinum and Aluminum �&#39;nc1:i:~naIa.

For Tantalum and Aluminum 1.ract.ionala_ deduct $5.0-0.

FOR CHAIN BALANCES .

20 grams lo 100 mg. .___...__..._ $25.25? �I5-50
50 grams to 100 mg. .____.__..__ 28.001 16.50

100 grants to 100 mg. ____....._._.. 31.251 18.75
1�C1us S rt: Iupplied with Platinum and Aluminum Iractiunals.

For Tantalum and Aluminum frardonals, deduct HM.
e

�*&#39;T_ es ****;*aaa&#39;*1-1-|,***r&#39;*iiaIa&#39;, ea n �n ii I i �

FOR NOTCI-IED BEAM AND CHAIN

20 grams to 1 gram ��*&#39;� 019.75 $13.75
50 grams to 1 gram .__._.i.._ 23.25 14.50

I00 grams to I gram ____ 27.25 17.00
&#39; 0

INDIVIDUAL WEIGHTS
Iii: Ii-Ir:

Size Q05 @108-2
I gram __.___.__..____.._.. Il.75each $1.10each
2 gram _____...__......... 1.75 °&#39; 1.10 "
5 gram ._.__...._._.____ 1.90 " 1.20 "

10 gram __.___..__.._ 2.35 " 1.50 "
20 gram ____...._... 2.75 1.75
50 gram ___i__._.. _ 3.25 " 2.25 "

I00 gram ...._._...._....___..._ 4.25 � 3.25 �
Fol� double checked weights dd 30%

For Pantry certi�cate add S07»

E�/1/115 6&#39;35]/I/E1? &.



5

I
Ir

i

I
| ~

l

4-

t
V

i

t

.""-Hr"  -

� _
92 s

1» .

92-an

1
|.

I~

F!
t

"I
I.

1?

I

é

F
lt
�J

. - ---am-,...:4;;:_,,
. � _ ..e&#39;.-  &#39;41

3&#39; 1 =92_-&#39;.&#39; :_-_ .. -�-- 1---,._LIJ1

. " �~ i-an-_.t,u,|r-aoru-a-,5...-an-C
D&#39;dII,fIIlWdIlieIlIm&#39;o|rloe.bd--inset-a-u.ac-so-4. - .

- -1 , -� s &#39;- --

o .&#39;- " &#39; &#39;"07
.1»0 i4 - -u � -_

- I 1?. &#39; .- .-.-&#39;

"� &#39; - .
....__ _ at _:g:H - _n. _ ..�3 éaA-...

- t�-92,_ 1.
0.;-4,.�

B

u
1

&#39; "rut "�l l&#39;lOW-I-lO_92&#39;l� ill-lA�l""_Vl_Oll_l�l&#39;lyfll_.$&#39;A

. _- . 135:1j,¢§,�§§_?;;;}}_;j$.:_L_3_.;_
.-e -.1:--:..=&#39;;:_.

&#39; - �I14&#39;I 1--var loin �--

r�- �av .,
ii�?--3"-.. � .

,-_ -rue:-�F-" _,._ .. *-&#39;~ ,5; -=>�.i~&#39;"=.&#39;.P_-.15.-,_-;=,_§_;_§_§- ~ _ - _ i .-. - &#39; -,&#39; � &#39; &#39; ." T -- r  -

. _ &#39; &#39;- . -- . - , __,. -, . .� . ._ _ - �7 AA; _...:. _ �-_ ..�__ _�--t _.

77 7- ���A�*A:;�"&#39;_ " ""&#39;-� � �.- &#39; �-~-~ -t.._::;92..:-, - ..::a._.¢-e..- 4.-...-........._... , _

I

&#39; 1&#39;

4

,~< ~a~ t»=-  A _ &#39; W �bi "Wm "L " _ &#39;  I&#39;,"&#39;i_""l-".. 2?�. -n.~ "
1&#39; _- " _v.|� �-2:!� ~-v...7I£�5:%&#39;g it , t _,,__ � . 3&#39;1-:=:-~.--<&#39;-.__- _ _.: -� �~ - r �"-�I-"F3.-&#39;.".&#39;*_-i�egg . &#39;;_.-r -L _ ~r-.�*- :-

-.. .
&#39;;�__ - I-is�? -�ti: y -_ : � -_ &#39;1&#39;-&#39; -1} -� L? _,&#39;, ~ -..�_;~:-:" � . -� in --&#39;-- .   - i .1 _ 92�

""�-"        .-  1&#39;,, �-6.�; . u � 5 , _ -_ &#39;  .. &#39;.

._-=1" 5,-;-1; .:-_- =
*5 r_-&#39;};t&#39;i�f - _--

.a&#39;

_ t__  __ __..&#39;-, -~- - .---�_ -._,_.-t _-..
,r�

~ iiiirh�o

r -t

".-&#39;1 I

The an of building good heat transfer equipment
is based not only on sound theoretical engineering,

&#39; but also on practical experience which can antici-
r pate a.nd compensate for the di�iculties sometimes

encountered in actual operation. Bell k Goseett
o�ers this kind of C�giDCCI�i�sf[IJ modern mantr-
facturing methods capable o translating good
design into tine product. &#39;. _ - 4 .
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&#39; HATE! HEATERS FOR INDUSTRIAL USE - &#39; &#39;
, - B I G Water Heaters cover a complete utility range, in-

� eluding tanlt and tankless models for either water-to-srster
or steam-to-water heat transfer. Whatever your require-_&#39; menu. you&#39;ll �nd the proper type and upacity in die
B I G line. _ _ . _, _ __ - _

&#39; - CENTIIIFUGAI. PUMPS .  &#39;,-:"&#39; .
. Rugged mmpaci units, with all parts machined to rigid
&#39;1 &#39; apedtieations and carefully assembled. Positive uniformity

throughout assures quick and easy replacement in die �eld.
B I G Centrifugal Pumps are available in either �exible-

_ coupled, base mounted models or with motor and pump
&#39; iiii-e|;ral.ly mounted. Open or semi-enclosed impellers-
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Whether you are planning modernization of

present equipment or are experimenting with new�
ideas for {aster production and better "$.|ality,&#39;there is no obligation involved by a oon tacion &#39;

_withBltGengineers- -- - _, -
.. . _ _ _�. �- -|- y - *5&#39; i 5:1?"-aid"-t_ ---&#39; _
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For eoih savings plus positive temperature control

&#39;I&#39;he "WU" Instantaneous Water Heater is e:Liipped-
witha B it G Booster, which pumps boiler water rough
the shell, thereby greatly increasing heater capacity.
Whenever service water temperature drops below _the
desired degree, the Booster automatically pumps boiler
water through the shell until service water is again _al
the oorreci temperature. Pumped ci.rct_ilation permitssmaller piges and �ttin5r�bence material eon is cut to

- e Bboe and cutting and ihltldlll� can be
- tloneonche job. -_.  .- &#39;

-
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Tn: HANDIPIIIR-loads, un-

loads, elevates, sucks. han-
dles canons, cases, bags bib"
packages. Compact, lightweight,
safe, easy no operate, �exible, it
is easily wheeled into crowded
corners, around the shipping
platform --fine for truck loading.
Adjustable boom is clear of
wppor-ting obstructions; easily
eiceuded over piles or into car
or trudt. Floor lodu hold ma-

chine in position. Reversible
- carrying apron. Availableinfonr

-sizes, high end adjustable up to
714, rm. 9%. and 101,9 feet; atadts

commodities as high as ti, 13,
or 14 feet. Handles individual

items up to 100 lbs. Motor me-
ehanism&#39;in base fra.me--plug
into any Convenient outlet-
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percent hydrogen
anon of acetylene
strum is returned
ethaneethyleue stream
ond Lind: unit where
arated. _Th:  is
mt . _ - ._ . _ _ - .

The natural
tons .
,.°.r..&#39;3.§ 1?�
ethylene, 5.3 kgnu.m. of pure -
&#39; The plant coasts� ts

rnnnin at any one timsuuies $1300 kw. and produces 700-800
of acetylene per hr. &#39; i &#39; - --.&#39;
The gas e.ntea&#39;s the uppa motion at

are through a tangen amrngetnen
produce a swirling motion in the are
propersothat thearcwilluotreinainat
point for su�cient time to burn
the tube. The are tube proper is
pipe of 90 mm. inside diameter
an length. A water iacket is provid
this tube to prevent excessive  oi
tube. &#39;l&#39;hea:rcisst:uekl3astartingmed1an-ism which is immediat withdrawn. Tl:

inmarcW:abel:s5Med1il5:!h.mdtbm
is rem an ism: . t necessary
to shut down the are every

uiug out the carbon black.
in connection with one we

in order that the arc to
changed without

. .-J
._ � ,

Tn uw materials are

of 3, 50 kg. of Z7 percent aqua
6,000  oi 30 percent formaldehyde, In.
themixmgchamber. Tbematerialissutt
from the mixer to the evaporator with 3
eompartments containing tube bundles. The
dilute solution from the mixer is �owed In
the �rst Gsnlparhnent, and ? over�ow In
the seoond compartment an by over�ow
again to the third compartment. The elm-
oeutrated solution �0 ecu: solids} isthen Bowed to a vacuum E0 mm evapor-.atorwithstirrerinwelloftuheiheela:od
with tnbes around the circumference. �nae
aolntion temperature was 60 to 70 deg. C.

eeewunuungnee ensate &#39; a
men-ic leg. The slurry from e es-ape
rator is discharged to a continuous oenn-ii-uge

whére t�.p_§:he:ami1&#39;|efis drzihtn 5 percentH . re were our evaporstoo
operated batehwise so that the miner and
concentrator were kept in continuum open-
tiou by rotating from one evaporatw In
mother. There were two continuous oen92:n-
fvee. each with its M ltmm new
dryer. The  lg-tated the product by a
rotating screw sun to s an-ew conveyor.
The hexamine oontaining 5 t was dis-
charged into the dryers described above
where the steam jacket maintained s tem-
pelrature of 105 deg. C. inside of theuirgr.

e henunine was put through a er
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February 21, 1947

A. Brothman & Associates
2928 - 41 Avenue
Long Island City 1, New York

Dear Mr. Brothman:

following references, as listed, were cited with respect to

- 1 I -92~ - 1 .. - -. . . . . . . �I - - ._&#39; . -_&#39; - . :. ~ - . r"- <-. -v &#39;--I-~&#39; "� -"" &#39; . *. - . &#39;1" -1--&#39;�~�"" _ &#39; <-""  ~.,.-....."&#39;* -..- "-*&#39;*" �~" ". .

Anacwne &#39; .

Rn-sown B. C.nrnI|.n
Bumvm 01111.9
An-anon .a.Annn.:
S. Bmrzu. BloII.Jl.
HAL E Slur &#39;&#39; IAYII .
Jo:-I &#39;1�. Fan! *
Cu-rr Vow Bazr:-1:-r:n.Ja.
June W. Lu:-r ..
E4101.» A.&#39;l"|uvl:n i _
llllrral S.NI:|:l.l. "
VI. Prrzwe Bun: - &#39; &#39;
W; B. HUI&#39;1��&#39;I.JI- , ,_
Ansoua R.Vu&#39;o|rnnI
Jon: BoI:Il!&#39;lu.92 - -- -

. .h.

In our recent examination of your patent data re1at- -
ing to the process of manufacturing methyl methacrylate monomer,
we particularly called your attention to four patents which
we regarded as of considerable iportance with respect to your
process steps.

We find that in the Patent Office proceedings the

each patent:

. patent 2,054,2d2,:Qocher_et,a1

References 1,942 577 Biebenberger .- _ Br. 567,249

latent 2,165,220, Vaughn

References &#39; 1 169 541 Herling
. oér. éeo,é2s

, §etent_2,385,5g§,iBmitQ

I
92

Beferencee

1

2,161,191, Perkins
2,165,720, Vaughn ~* 92

2,260,445, Brueon ct el -�< "
I 2,326,099, Kokatnur et al - �"
Q
0
I - 2,345,170, Zeltner et e1 ;
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Hr. Abraham Brothman -2-

fatent 2,385,§4?,_Bmith
References �

2,130,020,
2,161,191,
2,100,720,
2,240,019,
2,200,440,
2,045,170,

Bherman �Organic Analysis�,

February 21 , 194?

&#39;-

Coleman st al_"f
Perkins

Vaughn __.-
Frieser st al
Bruson ct al

Zeltner st al 3 . |

2nd 20., p. 140  p1v.e!

You will note that the Russian literature citations were
not used against the Vaughn patent.

Some of these references seem to be of considerable 0 -
importance, and possibly your Mr. Gold will_have a chance to
examine them at the public library. Your attention is particularly &#39;
directed to Nos. 2,161,191; 2,250,445; and 2 545,170. The data "
in the Official Gazette with respect to the last-mentioned patent

. is as follows: -

�Patent No. 2,545,170, Process of Making
- Acetylenio Carbinols

Joseph Zeltner and Michailae Genes, Paris,
France; vested in the Alien Property Custo-
dian. Application March 29, 1940, Ber. &#39;
No. 326,804. In France June 16, 1939

 C1. 260-658!

1. The process of manufacturing an acetylenio
carbinol by reacting acetylene with a member of

. the group consisting of aliphatic aldehydes and .
ketones in the presence of solid potassium hy- _
droxide in a solvent medium including, the step
of effecting the reaction in an acetal as a solvent.�

step of your process.
&#39; This claim would apparently be infringed by the first I

Copies of the three patents referred to above more �
ordered.
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up i s � e.   on
"BA 92&#39; AMERICAN CYANAMID COMPANY -

. _ �,41- . &#39; . ,._, .
30 ROCKEFELLEH PLAZA  &#39; &#39; &#39;  &#39; "�- -_;--&-

&#39; - &#39; &#39; 1~n::wYoRx2o.N.Y. &#39; - Q
- .. � - - .&#39;-.- v-.

. _:l-;-!_r,._ � _I:-AILI: abonins unzmmo ~&#39;- ~1 I _ tn.l.H920n|: Glace: 1-moo _&#39;

� ~_ &#39; 1.,;j;_;_,.~ January 1, 191:7.
. _ _ . _. &#39; _�_&#39;.- ,... _ _&#39; .. .- . ... .- ---&#39; -�--

A. Brothnsn & Associatss,&#39; e1;:¥
8503 - 57:11 Ave., _ Y!
llnhurst, L. I. -- � "J

Attention of Ir. A. Brothlan. @.?{..--1 . .

Gentlemen: J . . &#39; :. fa f&#39;f J{&#39;;i:}?:n�&#39;"*
&#39; Ir. C. P. Davis of our Technical Division advises -~

of your interest in Ammonium Itavanadate and in accordance -"&#39;
with your request, we are making a five pound shipment tron .�
our Bridgeville, Pa. plant... - . - - .q _,;

,.This material 1: available in linitod quantities elf
from tile to tile at the following pricesz. ., . 1,

<, �- ,.

, 2.50 per pound in 25 pound lots i*� ,_&#39;
2.75 per pound in less than 25 pound lots. 1-~ H

�2.l0 per pound in 100 pound or more lets " L
Ehese prices are t.o.b. Bridgeville, Pa. and the f.Q

usual terns are net thirty days. ~ " .

&#39; If there is any additional information which you ;
reel we can supply, please do not hesitate to write to us again._

� Very truly yours, _-._-

Amznxcu cnnnrn COIPAUT 1 .1

a Gees  _. B. .!�uthill, .- &#39;=.i
� � Synthetic Organic Chemicals Dept.

o I. 1&#39;- " " . &#39; . II,� ~
,- &#39; &#39; &#39;. .- " -  � -&#39;-,2 �

. I __ _, . _.,__, -.___... _ -¢- --1-0-qq----_ -u-._n-.-..._;.. ... ,- , .|--;1v_-_-;w-- :_--. 1~_-.-.. ....;-~ .-..... _.- - _ -».-- ---H---.--�-~e--~�-;----i--~---~< *-@ - -~ . "u "&#39; " � &#39; . - ~ - -, ._ - .l_ _ , 92 _ _ _ .  _ .:_,,. .
_ |;  ... :-. _ - .. . .___,--..;_ . . _ I �_ _ ,._

_ I � _ _ _.~_ �___..- ... &#39;.__..:n__,
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Polymerization of Vinyl llerivutivest
in Suspension�l
._ &#39; _ W. P. Hohenstein,�

A F. Vingiello,� and H. Mrlc�
-at _

1&#39; :a- . -

N THE last few years several authors  l-20!� haveI sueoeeded in elucidating the mechanism of the poly-
merization of ethylene derivatives in the homogeneous

liquid phase  either in bulk or in solution! to a consider-
able extent. It seems that the total reaction consists of
several steps, which are chemically very distinct from
each other, but take place simultaneously or in quick
succession during the course of the polymerization �1-32!.

There is �rst the activation. It can be effected by the
action, of heat or light or preferably with the aid oi I
catalyst �, 3, I4, 16, 31-37!. It should be mentioned
here that it seems to be more appropriate to speak of an
initiator or, still better, of an initiating complex, because
there is much evidence for the fact that in many cases
the so-called catalyst is consumed by the reaction, and
fragments of it appear in the �nal polymer. In most prac-
tical cases, mainly revealed in the recent patent literature,
one does not use n single initiator such L5 a peroxide,
ozonide, or metal halide, but uses an initiating system,
_ -F .
l Polytechnic Institute cl Brooklyn, Brooklyn, I. Y.
�Bibliography relaenoee swear at the aide! the snide.
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usually consisting of an oxidizing and a reducing agent.
Both collaborate U1 producing the activated polymerization
nuclei and maintain  at least over a certain period! _a_
stationary concentration of them. &#39; . e .

The next distinct step is the propagation or growth of
the chains, which may consist in the simple rapid addition
of monomer to the activated nucleus �, 12, 16, 27, 33-38!
or, in more complicated cases, results in the transfer oi
the capacity for propagation to another monomer. &#39; &#39; -

The third elementary reaction is the Ierminalion oi the
growing chains either by mutual saturation of the activated
ends or by collision with molecules of the solvent or of
an &#39; kind of deactivating impurities  l, 3, ll-14!.

liinally. there are other processes, such as chain trans-
fer  8, 12, 37, 39, 40! branching, or cross-linking which
eventually interfere and result in the production of more
complicated macro-molecules. - � &#39;

It has been possible to derive equations which, in hom-
ogeneous systems, allow the descnption of the interaction
of activation, propagation, and termination and make it
possible to precalculate the initial rate of monomer cori-
sumption and the number average polyrnerization degree
of the reaction roduct in fair agreement with the experi-
mental facts  E 9-ll, l4, 16, 21, 41!, This may en-
courage the attempt to extend this kind of kinetic treatment
to polymerization in heterogeneous systems. - &#39; ~-

The most common types of heterogeneous polyreactions
are pol merizaticms in suspension and emulsion  ll, 41-
43!. lgarticularly the latter is of great practical value.
There exists an extensive patent literature on it  examples
of which are 34, 44, 45!; while only iew articles have
appeared up to date in scienti�c magazines or books
�1, 42, 43!, the most informative of which is a recent
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paper by C. F. Fryling and E. W. Harrington �2!. How-
ever it seems that the conditions for emulsion polymerisa-
tion are more complex than those of the polymerization
of a vinyl derivative in aqueous suspension, where, with-
out the use of any emulsifying agent, macroscopic globules
of easily measurable size  diameter between 0.1 and IO
millimeters! can be produced and maintained. It was
therefore felt that a number of preliminary measurements
on suspension polymerization might not be out of place.
This article intends to give a qualitative description of
the general procedure in "pearl" or "bead" polymeriza-
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In addition to these basic investigations that have been
carried out in this laboratory during the last three years,
the properties of the polymers produced by this method
were studied. From a commercial point of view it appmrs
that certain advantages might be expected from pearl"
polymerization. The procedure as such is simple, and the
polymer is obtained in an easily manageable form. Tem-
perature control is comparatively easy. and the homo-
peneity and purity of the product represent appealing
iUN!5.
Figure l shows as an example a number of globular

products as obtained by this procedure, and Table 1 gives
a few representative �gures of these materials. ..-_ -
- 1&#39;.uu..| I. Paornnu or �Puss.� Posrnaas

_ Average Average&#39; Gl�ular Id�-�Hill�
Iain-ial Siaeiallm. Wright

lvtyrte ....-....... .l¥| US$00
�Styrene ..&#39;.......... Id &#39; ".000
CUoI¬7ruse....-.. I �LON

Cblrodyrx  5 YIJIJO

Appennnce
T rent
u�-iii?�
Yell

Yellow- �ll!!-
QIQI

-Gil-QB!
oI&#39;.B&#39;InO-

Iueeslt &#39;

. *"

Character-iniea

Hartl,
Hard.
Hard
Hard

bridle
brittle
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Pk. 1. Euauple I Suspension Polymerization Ian with St-yr-a .-&#39;

E:p¢rimsntalCondltions &#39; - &#39; &#39;_*.- l.
The principle of this type of polymerization is that the

liquid monomer is being dispersed in a non-solvent  in
most oases water or aqueous solutions! by strong me-
chanical agitation and that polymerization takes place
inside the small suspended globules. This eliminates the
use of surface active materials and produces fairly pure
substances since the globules themselvesido not contain
anything but the polymer and traces of a catalyst. It was
soon found that, in general, -mechanical agitation isnot
su�icient to prevent the monomer globules from coalescing
at some time during the course of the reaction. It bemme
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-In the following we shall give some inionnation: about
rgroducing and polymerizing suspensions-of various types.

i�&#39;ere-nt materials can be used to prevent the globules
"from agglornerating into a lump. and ach one has its

- -optimum proportions. Qne cl3_a_r;acteristic of a_gjven sus-
pensio_1_1 stabilizer is its_c_1&#39;-npacity to maintain a icertin

lde�xiitei-a_927erage size of the"p3lymenz1ng spheres ll&#39;l the
-ssT1&#39;s&#39;;ien§i�&#39;ii&#39;_&#39;ItTe1licient_siispeii§i6?1 stiliili�rs Tavor :52
f15&#39;frnati0n_oi lumps when used in small proportions;
while v &#39; tar e _gl0bi1les_appea1_ij_l1jgher proportions
aremia Tbl2illst f lat&#39; dl C  . 8 I Ll FIRES SOITIC OI".l&#39;l1l.1 101158-�ll

5 Cl!� IIICIFIIS.

-l�Taa|.z 2. Error: or Dsnassat Srasiussu on Sin or "Pun." Pounsns
.. G � .

-�_�_-A-i-Q l &#39;l�e:np|erl- Gohsshr
I-was Hydrocarbon Cstagl Stabi].im&#39;�-e� ts-:n�&#39;C. Hours Si:/in

_ I.
Tale OJ &#39; I0-95 J

= Pol vinyl
. . alcohol 90-95
&#39; Gelatin 90-93

Bentmite 90-95

it

,-1

lr��t

1-&#39;i¢. s. Polymer Size Distribution Curves II Suspension ray-nus

"Catalysts, or lather initiators or activators, indicated for
his method of polymerization are mainly of-two types:
namely, hydrocarbon soluble organic peroxides and water
-olubleinorganic peroxides or salts of peracids. It was
sbserved that contrary to the experiences with emulsion
-aolymerization the hydrocarbon soluble types proved dis-
inctively more effective.  See Table 3.! A series of
-xperiments carried out with styrene and benzoyl-pen
:IXldC at SI!� C. showed that the rate of the reaction in-
;-reased with the amount of peroxide used and that under
�:he conditions prevailing in these runs the main part of
Che reaction takes place between the second and third hour.

"an: 8. Errsrr or Sol! Olcarlr an Iloscane Plsosln At-rrvaross on
; 5�l�l&#39;l.IIl. "Puss" Paansaas

Grams ~ 1�
�-�-�-�%--Q He-noqyl Potassium Sodium 9;:-.
Fater Styrene Tale Peroxide Peraulphate PerbarsteHrs. Result

I Stable
suspen-
Fin: little. yuser

I00 S0 0.! 2}� &#39; 90 I Polymer
._ _ _ _ _ _ globules

~ 39° $9 3-� 3%� W 3 Polrlner" - formed
. 300 10 OJ 2%? 90 I3 Little poly-

&#39;T:s-.-zrsrormmmqd &#39; H &#39; _ _
Tlseiaitistor waaalded in three no-rtlomin use-Sour intervals. �

-�son -so <o.s &#39; aw so

. The ratio of water to hydrocarbon is oi relatively small
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Pi. G. Styrene �Pulls� of Varying Degrees sl Trsaspsrosq _

if one has between three and six times as rnuch water as
hydrocarbon. Higher proportions of monomer interfere
with pr�:-�dispersion and make the temperature control
more di t. � I

Benzo I oxide initiates styrene po ymerization in �
persion all tzcmrperatures above 50° C.  Z, 14, 35, 36!. The
polymerisation temperature is limited by the softening
point of the polymer. Approaching it, the globules tend
to merge and to yield lumpy masses which� do not poly-
merize homogeneously and include some of the suspension
stabilizer. ln our experiments, therefore, temperatures of
about 10&#39; below the softening range of- the reactant ma-
terials were used. . -&#39; 1&#39;

The pl-I of the &l1tlC0t.lS phase has a de�nite in�uence
on the ease of �pear " formation. Alkaline conditions up
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to a pH of IO do not interfere with the �{_ utimn of parls;
while reduction of the pH even to 5.0 P1&#39;OVC5� lCl�l"l.l&#39;l�l�1t8l
to the reaction. - - � 1-" -

Keeping the above points in mind it is compmaktively
easy to control the course of a "pearl" p0ly&#39;nmnQqtn
and to obtain globular polymers of any desired size. 92

The Suspension Polymerization Reaction _ - ._ &#39; . &#39; - I
"Pearl" polymerization taltes place in t.l1ree rather

de�nite steps. There is a �rst period during which the
dispersed globules of the monomer remain liquid and
show little or no tendency to coalesce as long as stirring
is continued. This part of the reaction roughly corresponds
to the induction period as observed in other polymerizationprocesses. During the second step some polymer is
ormed in the globule and dissolves in the monomer, thus
producing gummy and sticky particles which tend to merge
with each other. Finally polymerization throughout the
globule is more or less completed. The second  sticky!
period is most critical for the outcome of the reaction since
during it colloicling spheres are liable to agglomerate. At
the beginning. while the reaction mass is still fairly fluid.
such coalesced spheres are q,uickly broken up again, and
toward the end the globules do not stick together as long
as the temperature is kept below the softening point of
the product. &#39;

�Whether a particular material polymerizes in well-
de�ned "pearls" or whether it lumps together seems to
depend upon the stirring. the nature of the suspension
stabilizer, and the difference between the density of the
aqueous medium and the monomer. Best results are
obtained by adjusting these three contributing factors
carefully to an optimum degree. It seems that the �nely
dispersed stabilizers adhere to the surface of the spheres,
and form a layer around them preventing coagulation,
upon collision during the sticlcy period of the reaction.
Superimposed on this phenomenon is the fact that an
increased density of the aqueous medium helps prevent
localization of the globules in one particular zone of the
liquid. It is possible to can&#39;y out polymerization of mo-
nomers, such as styrene, acrylic derivatives, isoprene,-etc.,
in aqueous salt solutions of various densities and in mix-
tures of water and glycols or glycerol.

The mechanism of the reaction seems to be essentially
one of bull: polymerization �2, 21, 37!. Only hydro-
carbon soluble initiators, as benzoyl or lauryl peroxide.
start the reaction effectively at temperatures between 40&#39;
and 80° C; while water soluble catalysts, such as hydrogen
peroxide or sodium persulphate, are less effective. Also
water soluble activators do not accelerate the peroxide
catalyzed reaction noticeably. Qualitatively, it is appar-
ent that the overall rate of monomer oonsumption, w ich
is equivalent to polymer formation, is approximately
proportional to the square root of the concentrations
of the hydrocarbon soluble mtalyst. This points� to
a radical chain mechanism for the reaction inside ash
individual globule. Owing to the small mass of mono-
mer in the globules and to their extensive cooling
by the aqueous medium, the temperature in the globules
does not undergo signi�cant variations. All this tends to
show that "pearl" polymerization may be considered as
a bulk polymerization with e�ective water e&#39;ooling. It
~must be pointed out, however, that the rate of monomer
consumption in suspension seems de�nitely greater than
in bulk under equivalent conditions. We shall discuss in
greater detail in another communication possible causes
for this phenomenon. Here we wish to indicate only that
it seems to be connected with an increased rate of nuclei
formation in the case of "pearl" polymerizations. As an
example of the speed of a reaction, Figure 4 describes

- -- . .. - -1,, . __-- ,,_, _ . ._._ - . - .-._ _ -..r .-. -t _ __.__ ._ _:__, ,.&#39; "92_- . - - - .. _.,,. -.- ._ -_._. _. &#39; .
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Q &#39; .-
4 3 , -. &#39;

_ ¢inct�.ITIA�mltltaIAll5I1_IIt�es._
Fig. I. Intrinsic Viscosity vs. Concentration for Styrene �Purl� Polymers

a run oi styrene at 85&#39; C. and the amount of polymer
formed at various time intervals.  &#39;__&#39;-&#39;, - .
The Resulting High Polymer . &#39; .- &#39;  3&#39; 1".

The polymers obtained in small-scale runs consist in
most oases of rather rfect globules -of fairly uniform.size. Figure S gives th: size distribution curves of three
different batches of polystyrene. It is gni�cant that in
each of these curves the largest percentages of beresoccur in a relatively narrow size range. and thea�rgest
globules have diameters approximately twice that of the
smallest. Depending upon the nature of the stabilizer
and the �nal percentage conversion of monomer, the
globules may be completely water clear  Figure 6!,
approaching. in appearance the best block polymers, or
may exhibit white opacity or all the intermediate degrees
of translucency. &#39; &#39; -

Mechanically the *&#39;pearls" an be hard. soft, or rub-
bery, depending upon the monomer or combination of
monomers. Styrene and acrylic esters yield hard globules
which exhibit considerable elasticity and toughness. These
polymers are soluble in the usual solvents: while diene
polymers or materials containing a diene yield insoluble
spheres that show a distinct swelling in many liquids.
Figure 7 shows such a �pearl� polymer swollen and sus-
pended in toluene. This material is rubbery and semi-
transparent and apparently oonsists of globules which are
cross-linked to a considerable extent. - If carried out in
bulk, such a copolymerization leads to an insoluble and
infusible gel which is very dif�cult to remove from the
re-action vessel. "Pearls" of this material, however, can
be easilv removed from the reaction flask and represent
a material which offers no di�iculties for rolling or mien-
dering operations. &#39; - &#39;

In order to get an idea of the degree of polymerization
of some styrene "purl" polymers, the viscosity average
molecular weight was determined �9-41. 46. 47!. Solu-
tions of the polymer in toluene ranging from 0.2-0.8%
were made, and their viscosities measured in the usual
way. The intrinsic viscosities of the solutions were
obtained by extrapolating the q sp/c versus concentration
graph  see Figure 8! and the molecular -weights com-puted irom the equation: gq] = KM�. usin for K and athe values of 10" and 0. .2 respectively. gable 4 gives
a few examples of molecular weights of polystyrene
"pearls" and shows that the molecular weight is of the
order of magnitude of SSH!! even under somewhat varying
reaction conditions. - - -_._ r. - _- _._.,_ ,,.
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To achieve polymerization in suspension speci�c �reac-

lrtion conditions have to be worked out for each monomer.
fl &#39;I:he polymerization itselt seems to proceed like an ef-
fiectrvely cooled, speeded-up bulk polymerization. .&#39; &#39;
� The resulting high polymers appear in 11-;¢ form of
regularly formed spheres of controlled and fairly uni-
form size. They may be translucent or opaque, hard, soft,
-or rubbery, soluble or only swellable according to the

5 mo_nomor or combinations of them. The average molecular
- weights of polystyrene "pearls" under prevailing reaction
~�-C0l&#39;ldlll0115 are around lCKJ, IX!. -
~ The authors wish to thank the Vlfhitney Blake Co.,
.-"H:-nnden, _Conn., for making this research work possible
&#39;.>and especially wish to extend their thanks to J. H. Ing-
fmanson,_R. Dudley, and J. 9292&#39;u1�&#39; for their most valuable
~c0operation. _ _ - �
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The Formation ol Vinyl Polymers
in Emulsions and in
�r e .. &#39; - _

N TWO previous _short papers �, Z!� a few experiments
on the polymerization oi styrene in nnagitated aqueous solu-
tion, suspension, and emulsion were reported This article

intends to present some data concerning the same reaction in
ngirntrd emulsions. - . &#39; -

To get a preliminary insight into the mechanism of atxzb
emulsion polymerizations it becomes �rst cl all necessary to
can&#39;y them out under controlled conditions in a reproducible
way. This is by no means simple. While it is comparatively
nsy to reproduce individual polymerization nuts of styrene in
solution or in the pure monomer phase regarding the amount
oi polymer formed at a given instant to within a few per cent,
it is a rather difficult taslr to get a reproducibility better than
10 or 12% in unulsion. We therefore believe that the following
experiments have only the character oi an exploratory and
orienting study. which allows the drawing of certain general
conclusions on the reaction mechanism and which makes it clear
bow better experiments should be planned for a more conclusive
investigation. &#39;

As a polymerization reaction in emulsion proceeds, the lol-
lowing quantities are becoming subject of measurement:

1. The amount ol polymer iormation during a certain time

The average degree oi polymerizaticm of t.his polymer.
The molecular weight distribution curve oi this polymer.
The average particle size of the emulsion at any given
time. - � &#39;

The particle size distribution curve of the emulsion at
any given time.

-&#39; 6. The amount of catalyst left and the pH at any given time.
In the following we shall present a iew experiments dealing

with points 1, 2. and 4 and add some remarks about points 3
and 5. The change oi pl-l during the emulsion polymerisation
of acrylonitrile has been recently followed and discussed by
Fryling and Harringtran  J!.
Ltnonnl ed Poly-met formation &#39; _

A number of styrene emulsions .&#39;ith different average
particle size were prepared by t&#39;a.rying the amount of as-nmoninrn
oleate in_tbe system. Table I give; a survey of the� emulsions
used tor these measurements. Aliquot parts  J6 milliliters! oi
these emulsions were introduced into test tubes  of about il-
millilitcr capacity! which bad been &#39;_i.-awn out into a thin neclt
ol about three millimeters diameter. The catalyst was then added;
the tube sealed and put in a sltaking device, wltich operated at
constant temperature with the moderate speed ol 50 Shaking!
a minute. It should be mentioned here that the speed and mode
oi shaking are oi_cousiderable in�uence on the shape of the
oonversion curve and also on the total amount ol monomer
converted. We carried out all observations in the aaine sltalcing
machine with the same rate of about 50 shalrings a minute. but
did not any out any sysuernatic investigation oi the influence
of rate or mode oi shaking on the rate and amount ol conversion.
The tubes were withdrawn at de�nite time intervals; the neclts
opened and the contents poured into a dilute solution oi acetic
acid to brealr the emulsion. The coagulated polymer was �ltered
oil� and washed several times with roetltanol. Then .it was
redissolved in methylethyl lsetone, reprecipitated with methanol
and reputedly washed with methanol and water until the
washings were lrec lrom monomer, catalyst, or asap. The
product was then dried and weighed.

The reproducibility ol this method was te_sled by withdrawing
several ampules at the same_time-and comparing the amounts

2.
3.
-I.

-5.

Lg. Istiello issdunrlal reaear¢ Iellow at the Palrteebsrle Institute at
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- i_ �Polymerization oi Styren
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&#39;  _ - - ctndl-Ll�-*lctrlr�_-ff
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. ,. - . ,,, , _.; .a.- .� ..  .av_ .
ol polymer iormed. At low conversions  up to Z1 or 15%}
considerable variations were encountered. but as the reaction

- proceeded. the results could be reproduced to about I0 or 151:.

&#39; 3 gilgrans 0.18-nsol snoncwtyi�l - .- � ..I

Vinograd �! recently studied the polymerization Bl I�-P"
solubilized styrene with the pycnotneter method, which o�erss _
the advantage of continuous observation  very presumably. .1
also oi better reproducibility. - , _ .- &#39;--j .- �__�,&#39;-

- Tans; t, CI.alac1&#39;1lrl&#39;rsca or s-la Srrttzsts Esstrtasoas Uni ,_-1&#39;7�
All enulaicsns tnntained: ll-Osnl = 10 mots water _ � .

_ _ . gram E 0.034-tool Indium pqdtoratl - .&#39; -&#39;
_. .__ llolarsntiowatertnmono�lri�-S &#39;- &#39;_�

&#39; &#39; Holarratiosnononsertoeataly-st!-I " _"
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�! one obtains for the activation energy of the initiation reaction
values between 15111! and l8,000 cal per mol. This seu&#39;ns�to
indicate that the initiation process in these agitated Wmlml
has about the same energy requirement as has been deduced l-U
Vinograd �! from the initial rate of the polymerization of
styrene in unagitated soap solutions and by Frilette �! from
the inhibition period in such solutions. _

lvlruqs Degree oi Polyutsrtao�ou d the �Pclynalr IIIIII
l After the samples had been weighed, they were used to
measure the viscosity average molecular weight of the polymer
Iormed up to the instant of the withdrawal of the sample. In
view_ of the orienting character of the whole investigation, no
osmotic pressure or light scattering measurements were mrriql
Out, but the intrinsic trisrosity was used tn determine the Vis-
cosity averatte n&#39;|olor:ular_92s&#39;eight. For this purpose the vis-
cosities of four or �ve solutions of each sample were measured
at 40° C. in toluene within the concentration range between
t:=-02 and c = l.0%, and the speci�c vis-cosities mp computed.
Graphs of E mm c were then made. and by a straight line

. Q _
extrapolation the intrinsic viscosity Iv} of ach sample �I&#39;ll
determined. Figure 2 shows as example one graph. representing
three polymers withdrawn from a run at 4.75, 5_. l], and 531
hours. which was started with 150 milliliters of water, I_9 grams
oi rnunostyrene, and l.4 grams of soap and polymerized at 70° C.
This run is No. 6 in Table 1. The intrinsic visoosities of_t:lse
samples are 1.92, 1.97, and 2.04 respcrtively. _ r . &#39;

These values were then converted into viscosity� average
molecular weights M by the equation . . - .

I _ � [1] == 1.22 a 10� a H�-"  A! _-

The two oortstants in equation  A! were chosen from values
available in the literature. 92Ne are very much indebted to L.
Drake and R. Spencer. oi the research department of Dow
Chemical Co.,&#39;Midland. Mich, who recently carried out more
precise recalculations of these constants and recommended to
us the above values. It must, however, be pointed out that all
the polymers for which comparative osmotic  or_ light scattering!
and viscosity measurements have been carried out and {or which,
therefore, values for the constants in equation  A! are avail-
able have been prepared either in the pure monomer phase
or in a homogeneous solution. _ Vlt is not impossible that a_pol1-
rner formed in emulsion requires another set of constants, and
we, therefore, do not think that the absolute snhsu of the
viscosity average molecular weights, as reported here, are
very �reliable. We believe, however, that  rrloriw magnitude

&#39; . -~ . ._� &#39;, J =,* ,.._..r _ -I
of these values at su�cient to ...... the -few oottcltisiotis which

. 0 -... -
�hat-a 2. Vtsonsrrr Manet llotaetrua Wztcnrs I In rna Pa.v|,g|-,|&#39;

Wtraosaws at Dtrruanr Isles uuatao Srvaaat. Ions _
. - I Ectitnased Iran Intrinsic Viaeepiq gig; &#39;_

3"-I HQ 4� BIL S Hra. SH Hts. 5 Bra. I Hrs.
-   ....  &#39; .... .. 1,140,000 t,ts0.000

.. . .....  010.000 t,ts0.00o - 1,110,000
�Eh - "°,°® 180.000 720.000 LIWQU

500,000 s.t0.000 145,000&#39;  s20.0oo
 0.00.000 000.000 1,100,000 _ ____ __&#39;_

s00.o0o ......_ .se0.00o s40.000
 1.100.000  - .... ..

Table 2 contains the viscosity average molecular weights at
of samples withdrawn at difierent times from runs No. I to

900,000 I

No.7,a.slistedin&#39;I&#39;able I. ltcanbeseenthatinmostca-ses "
 except runs 2 and 7! the viscosity average molecular weight
 as measured here! increases as the conversion of monomer
into polymer increases. The maximum viscosity average moleeu- .
ll" W�llhts of �ve runs  Nos. I, 2, 3, 5, and 7! are of about
the same order of magnitude: namely, l,l03, XD:� while runs 4&#39; Id.
and 6 yielded niaterials oi a lowerdegree of |tolyt&#39;neriaa�q|_
We cannot give any reasonable explanation for this fact hmause
there was no evidence for any irregularity during these twp &#39;.
runs as compared with the other five &#39;.I�hi; is  mg Q5 15¢
-freqluent instances in which uncontrollable ef&#39;l&#39;ecl.s ooeur during�
emulsion polymerization and which certainly call tor further
investigation and clari�ution. - t &#39; _- &#39;-

Tlse �gures of Table Z represent the M-values of the pglymg
formed up to o certain time I or rotttrerrion a. In onder In
correlate them with the oonversion curve as discuggql in the

1 1-; 1 &#39;
I - �g. 1- Ivonne and Inlloatlnaaootaa Iloleea-&#39; -

. .- Ioawalqhtdltvelcmjalla _ _-. . , lg 26° . . - . . . ..  -
&#39; . Q i   l I 1"� .j:&#39;.i&#39;..&#39;.&#39;- iO ii W r _ . I �O /y _" p _. � - 2; _

" . ,8 &#39; , , I I . :_e..".&#39;-. �&#39;0 "...
._ Ttrttelnl-tours 220 A &#39; 2 - - -_ I-L,�  _,.:__._J.-&#39;

�g. 1. Conversion Out-vol lorlnltalllol / &#39; -"_."&#39;:--a &#39;_i &#39;  i " .&#39;
F l~ . -- 7� � - &#39; I 2- - bk!   &#39; I
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-order to compute ld s! as a function oi z, one �rst plots
mutt oi M, as indimted in Table 3, versus s and obtains

"=.~&#39;1 of Figure 3. Tben alter graphical estimation oi -"fl
_.sses equation  C! to calculate li i! as a function
92

of e.
__1 is indicated in Figure 3 by curve 2. Comparing curve 2
-. igure I with curve 2 oi Figure 3, it can be seen that the
_:ular weight of the polymer formed during the period im-
itteiy alter the start Oi the conversion  before t.he �lth
..1�ocrrlr-ration period�-is comparatively low. This can

, zplained by the presence either oi traces oi inhibitor or of
-� sinbrealring addition compound between inhibitor and acti-

. monomer. As the reaction reaches its full rate between
ifilé and _t-"654, the molecular weight of the polymer

7 ed at that time increases, and it is only during this period
 the chains grow out to their proper length, and a material
-i aximum DP is produced. It must be emphasited that each
�_92nta.neous molumlar weight is still a viscosity average over
" r species, &#39;boca.use even under exactly de�ned macroscopic
�ttions, such as ocmcentration of monomer, catalyst, inhibitor,
tdi�eratt active centers will grow out to chains of dilierent
&#39;-lgbecause of the statistical nature oi all molecular processes.
polymer or earls pi-urn conversion a is therefore already a

.urc oj chains ol diflermt length. To this heterogeneity is
superimposed� the non-uniformity of the polymer formed

te di�ermt periods ol the reaction as shown by curve 2 in
re 3. . - .

Ia-Isa It 1�|ssa Avvaaoe are Isrsraarnraoua aIot.aeor.aa Warner
ov Sevnas Suntan

Ila. 4; Five_Samples Withdrawn between t = 5 Hours and I = 7 Hours
-&#39; &#39;� Mk! Oi Polymer

�lain! I Convenient I {&#39;3 .9l Formed at
tlsdr-avrsl a at That Time [I] I s , That Time

&#39; 610,000

$70,000
325.000
�$5,000
�$0.000

......... 510.000
1 .....;... 590.000

0000 &#39; . 610.000
655,000
545.000

- -1.1. --

�.l this contributes to the fact that the �nal polymer. as
mulated throughout the whole reaction. is a r her in-ogeneous material and, particularly, contains a Qdcrable
_unt of chains oi inferior length, which according 0 recent
lies ol Harris �!, Kemp �!, and their collaborators may

be detrimental for certain mechanical properties of the
:rial. In most of our runs the viscosity average molecular
zht ol the polymer formed up to a certain time increased
-ly, but steadily during the reaction, indicating that a matcrial
ocreasing DP is produced as the conversion proceeds. In
: cases, however, it was luund that, as the reaction pro-
-s further  conversions around and above 90%!, 11�!
cases again and eventually assumes rather low values toward

-end oi the run. There are presumably several factors which
:ribute to this effect: two of them are the iollowirtgf &#39;
a! As more monomer is consumed, its concentration de-
I-ses and reaches comparatively low values around and above
&#39;- conversion. in bomogeneous&#39;systerns the rate oi the
hagation reactim depends upon monomer concentration ol
-exponential power between 1.5 and 2.0; while the dilierent
rination reactions depend upon monomer concentration oi
eirpcsnerttial power between 0.5 and L0. Responsible for the
�age molecular weight is the ratio oi rate oi propagation
rate of termination, which is roughly proportional to the
power of the monomer concentration. Hence decreasing�

-orner concentration depresses the average molecular weight
the polymer lormed. This conclusion, of course, cannot
rigorously applied to emulsion polymerization, the lrinetics
�which is not lmown. but it seems not unreasonable ,1];. -"""�i.-���---�--�� - .
one that, III general, a decreases� monpmg,-[ En;gnt11t|on_n

ht.b&#39;	!unng the whole course of the reaction. decomposition
zlucts ol the catalyst  mainly oxygen! can act as chain-
ikers or transfer catalysts and therefore in�uence the degree
solyrnerization oi the product. It is conceivable that toward
end of the reaction there are relatively more such decom-

.- &#39; �I  :- - &#39;-I  ..i-&#39;_-&#39;...l.-
-_ &#39; ~v&#39; __ &#39;. - .-.,.~ ~ 1 &#39; - __ .- &#39;.&#39; - ,1�

__-� . .___ . z. &#39;:s.__.._�.V_ ..�:r,__�,.___.:.,_�-I .__

.&#39;��-a.--..a....&#39;

s " -
h a. 92

l

. !
l
t

_&#39; ._ .._ ~_. �-_- _- &#39;-.2� !_&#39;_.:�¢:-,:l" _.�.a__;&#39; � "__.�-__- �also viscosity! dverage molecular  of the pblyl��� §0l&#39;lI9260  5 i
during this last period oi the polymer-iaationl - . . - .

The ideal situation would be il ll were repreiented by a
horizontal straight line in the graph  Figure 3. because 1-h�l
the second term in equation  C! vanishes, and the instantaneous
&#39;rnolecular weight Ll s! btxomes constant and equal $9 15¢
LT; the same type oi polymer would be produced tltroulhwl
the reaction. This, however, seems practically never to be_tbe
ease in emulsion polymerizations, which have conversion curves
of the type shown in Figure 1. - &#39;

Another indication of the distinctly beterogesieoris nature oi
the polymer lorrned in the course ol such a reaction an be
obtained in the following way. The samples withdraws!  rm!
run No. l alter sia and seven hours have intrinsic viscosities
of 2.57 and Z87 respectively and consequently  as sboarn in
Table Z! have molecular weights which are not far apart irtltlt
each other. However il one follows the procedure of Huggins
 8! and computes from the slope of their respective M rm-nu

c plots the-If constants characteristic for these two polymers,
one arrives at values oi 037 and 0.28 respectively. In �l-
sense of Huggins� interpretation and of previous investigations
by Flory  9! on polyisobutylene, Allrey and Bartovics  I0!
on cellulose acetate and polystyrene, the lt� constant characterizes
a polymer solution with respect to the mutual hydrodynamical
interaction between the molecules oi the solvent and the sub-
molecules of the polymer. Ii the two samples of run No. I
have similar average degrees of polymerization, but widely
dillerent lr&#39; values, as they do have, it may be interpretul that
either the molecular-size distribution is di�erent or that the
two polymers dilier lrorn each other in certain structural details
of the chain. Another similar case is encotmtered ii one ,eom-
pares the ii� constants oi the 455-hour and 5-hour samples oi
run No. 5  compare Table 2! which have very much the same
average molecular weight, but distinctly dillerent Ir� values:
namely, 0.26 and 0.39 respectively.

These samples. as well as those of run No. l, also show
qualitatively rather di�erent solubility characteristics. ll me
prepares a l% solution oi each in methylethyl ltetone and adds
methanol, the �rst precipitate appears at distinctly di�ercnt
amounts of methanol addt-d, and the behavior oi the taro solu-
tions throughout the preciptation is diilerent. .

The next logical step would have been to work out complete
molecular weight distribution curves of the samples withdrawn

pa

. e

at certain times during the different runs. These samplcs,&#39;
however, were in most cases to-o small for such a further-going
analysis, and we did, therelore, postpone this more �elaborate
study ol the composition of the polymer Formed up to a certain
conversion. A knowledge  even appro::i.~:.ate! of the molecular
weight distribution curve oi the polymer formed during the
different periods of the reaction would be of considerable valne
lor the interpretation of what happens during .each of these
periods. _ . . -

lvarnqa Purtlela Sin at the Zmnlalssssa i �

Another interesting question was how the average particle
size oi an emulsion and its size distribution curve aflect the
course oi the polymerisation reaction and whether the average
size ol the emulsified monomer particles remains constant through»
out the proccss or changes as the liquid monomer is converted
gradually into solid polymer. It was known from previous
industrial work with emulsions oi the Buna S and Buna N
type that their average particle size is considerably smaller
than that oi rubber in native latcsr, and &#39;it is qualitatively ap-
parent that the average particle diameter decreases during
polymerization. The initial emulsions, as prepared by shaking
the pore liquid monomer with a dilute soap solution, usually
have a creamy color, which after polymerization shows a dis-
tinct bluish tint, indicating that during the reaction the degree
ol dispersion of the colloidal system has been increased. -
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electron microscope �3! have been reputedly demonstrated
with great success. Considering the orimting character of this
investigation, however, we felt that lt would be recommendable
tn select a less time-consuming and complicated procedure in
order to be able to determine approximately t.he �neness of a
large number of emulsions at various degrees of conversion
during the progress of polymerization. We therefore used a
sprnding method outlined a few yurs ago by Davey  I4!,
which seems to give results quickly and reproducibly. They
agree, at least in t.he �rst approximation. reasonably well with
those of a direct optical or electronoptical counting.

The procedure follows: One uses a normal hydrophilic Lang-
muir balance and �rst determines the area which a certain volume
 e.g., 0.01-milliliter! of a pure dilute soap solution requires
because of the spreading of the surface active ammonium oleate.
Curve l-in Figure 4 shows a compression curve carried out
with 0.0112-milliliter of a 0.5% ammonium oleate solution.
One milliliter of this solution contains 5 x l0" grams or 1.5 x 10"
mol soap, and the total amount of soap solution spread on the
surface contains, thereof, 1.68 x 10" mol soap, or about 1.0 :s 1.8"
molecules ammonium oleate. Evaluating curve I of Figure 4
in the conventional way, one arrives at an extrapolated length
of the compressed film of Z82 centimeters. Multiplying this
by the width of the tray �4.0 centimeters! one arrives at a
spreading area A, for the soap of 39.5 crn&#39;. This, divided by
the number of soap molecules spread out on this area gives a
surface requirement of 39.5,? for a single anrrnonium oicate
molecule, which compares with the �r&#39;res found by N. K.
Adam for potassium laurate �5!.

Next, after the balance has been cleaned and readjusted, one
spreads the same amount �.0ll2-milliliter! of an emulsion,
which was made up with a soap solution of the same concen-
tration �.5%!, takes a compression cunre with the ern_ul-
sion, and determines the surface requirement A. of the emulsion.
It is, in all cases, less than that of the original soap solution.
This indicates that the globules of the emulsion together with
the soap left free after emulsi�cation cover a smaller area than
the original soap did. This is obvious because a considerable

amoumtofsoaphasbeenuseduptocoverthesurfaoeofthe
ernul��ed particles. Let us assume we have n globular particles,
all ofthem having the same radius r; then n4rr&#39; is the total
surface of the emulsi�ed phase, and the amount of soap bound
by adsorption on this surface will be proportional to it: namely,
cn4rr&#39;. The factor 0 takes into account that the density
of the soap on a monomer particle may be dilfermt from the
density of a soap layer on water. By comparing some of our
results with direct optical observations, it seems, however, that
under the conditions referred to in this article 8 was always
in the neighborhood of unity. The soap contained in the ori-
ginal solution without monomer covers the ares A�; while

92

--. - .- _ - .- .-.-- . -.r..». -r._ - _ t .n .1--a. is - ---1» -&#39;-927�"~ -Q . .,-&#39;_
- - 3 - t -". I "&#39;4

s _ ___ J _ -- . _,;&#39;_ ._ . V- .-.-I-..-_-1,-»  -. -.-- , -...,  _ .2- .._ ._  . ».. -_. . ,- ........_.....-~ . . - -. -"--&#39;  <..*: -. as -. . . --. -, -&#39;2� - -i.,92"i. .- ...� _ g . .,, ,s&#39;- if�, . ,_, -.- ___._- __ " &#39;. - _
�cu-is-p&#39;t=t1t}E£sr1ér£!:iq=8i:ii;,.,....,,..&#39; � shim-e1"&#39;a, ,

Hence the difference - K,-AA-that hsmde W-575!
soap,whichisboundnntbesurfaoeoft!temulsi6edparti:ls. 1&#39;"

. . - .- . .- _.. �| I,~_   -    ,,-,1--._..-.-;&#39;: ...r-t .

- �r �__;. AA�. .  1" ,__-j&#39;i;.,::"   .&#39;.&#39;.. .-
There ate, however, the dispersed particles lhesnselves which 1

require a certain ar on the surface of the trough, which will _-
be proportional to their total cross-section nvr&#39;. This will there-
fore make it appear as if that much less soap has
by the emulsi�ed particles, and we therefore have to subtract -
it from the right side of equation  D!. Hence one arrives at __&#39;.-

" - -»- 1-1"� ~:-5-_,- -
I .. ~ ":..- &#39; Hi.  Dlff"J&PC /I "i *�i5:�:3_-&#39;-&#39;1&#39;.-�l&#39;.:""i_..  &#39;:&#39;=:l_�:I.� .

7- _ . _ �-. , - .,,,-. 4..___

. . Ire�. .,, -.&#39;._ . ,_;-_.;.._

-. &#39; _ 2&#39;,"-&#39;.&#39;.... .. ..--- &#39; -_r� I ..- .. .. � 4» _ -

&#39;*"_&#39;- __"~&#39;; _ fill?! 7
. &#39; . h "4"". . �..-..3&#39;T-.:.~&#39; &#39; V�? 5;�.-�T

Introducing  F! in  E! one tut, arrives n_�_ ;..&#39;_ -&#39;._&#39;; J
- - .-rr� _ :,�.r-1:,�92 &#39; _ � - 1 &#39;5-.- _.

&#39; _ A; ,_-_. - ___--&#39;-. _ , . , ,. .. . .

which permits the calculation of the particle radius from the -
experimentally determined valueolAA by tneanso_f.- - -- -;. - ¢

i  9--= o*7o&#39;{+-c-�:51 -  5 -� if"!
A few rernarlrs may be added for the use of this method.

One requirement for a smooth operation of the hydrophil balance ~_
is to make all con�ning barriers of the spread systems non-_&#39;_
wettabl We found that ferric-stmrate is a very eouvcuimtand e�lve agent for this purpose. A solution of this material in -
benzene was spread On all con�ning surfaces of the �lms, and --
the benzene was allowed to evaporate.� The surfaces  -
then wiped vigorously with a cloth to remove all excess of K
ferric-stearate, and only a very thin layer remained. The _
spreading of the pure soap solutions does not offer any di�iculties. 1&#39; i
but the handling of the emulsions requires considerable are. -
-Calibrated lengths of capillary tubing were used as inicropi-
pettes for the measurements of the volumes of the emulsions i
to be spread. One should not allow the unlcnotvn to drop into
the water surface from any height, but place the ori�ce of
the capillary immediately above the surface of the tray. Even
then it happens that part: of the emulsion submerge and �do
not properly spread on the actual surface. This di�iculty occurs, &#39; _
lru|uerrt1y&#39;if alrmdy a considerable amount of polymer particles,
the density of which is slightly larger tlnn unity, has been &#39;
formed, and if the emulsion does not contain mainly monomer as it &#39;
does in the initial stages of the polymerization. Such cases
have to be discarded, and another spreading attunpt has to &#39;
be made after the trough has been clanedand re�lled. � -. I -.

�When anionorner emulsion was made up with a given soap
solution, the initial particle size of it was determined by ob-- �-
raining AA from two spreading measurements  pure soap solu-
tion and emulsion! carried out immediately one after the other. "
The particle sizes of the emulsions withdrawn during the poly- .
snerization were obtained by determining again AA from two
spreading measurements, namely from the pure soap solution -
which was used to rnalre up &#39;the&#39;initial emulsion and from the
emulsion after polymerization had �talten place to a certain Ottent. &#39;

Figure 4 shows four compression curves which have the usual
shape and allow, with a reasonable degree of accuracy, extrapo-
lation of the straight line part down to the abseissae. Curve _
1 represents a soap solution and leads, as discussed above. to-
a satisfactory value for the _surface requirement of a single -~
ammonium oleate moleculej The other three curves re�ect
the behavior of three snonostyrene emulsions and show that
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.  compression curves can he obtained with such systans.
fit -may he noted that the linear  high pressure! portionsit
-thee curves are somewhat steeper than for soap solutiontslone. As this was almost invariably observi, Lth all enml-l
itions, it scents to he no arpe-rimental error, but may re�ect
he tact that an etnislsion containing particles of .colloid.al size
s somewhat snore diflicult to compress than a soap solution.n�=1Table 4 shows the �gures obtained with these three curves,

"ind the approximate �average particle radii derived from than
.snder the assumption that both I and s in relation G. . . &#39; 4 1*"
:lose__tQ_tatt.tty. Jn this ease the equation reduces to

.__ - - mg  _ --

.. - . .&#39;."�-� _ " Hi
155

rhere g �has to be matured in grams and AA in cm� in order
1 get r in cm. It an be seen that the average particle radii
reintherangeoftnieronsasistoheeapected forasystesnof

Tans 4. Avlaaca Paancta Stan sun O-sass  Q
or Slvsaat. 5.nsrs.as

- -Avusge Particle ladii Derived According to Iqqtiqs  A! -
_ &#39; �Width of the Trwsh. 11.0 Censisneters ,

lcngthof �
Esnulsim Lb . �
Film in A 4* 1" s in ..

can _� on coil Grass: I�
I1 2.2.lalO" -I-6:10-&#39;

�.0 I4 1.2§al0J OJII0-&#39;
9-U I26 1.231104 03:10-4

&#39;Using di�erent amotutts of l-DIP. as indicated in Tahle 1,
vcn emulsions were made up from the same monomer, and
eir initial average particle radii were determined with the
rdrophil balance. The results are given in Table S, which
so contains a number of other quantities of interest lor the
-lyrnesiaation of soch emulsions. In the �rst column there
the number of the emulsion which corresponds to that of

shle I; in the second, one �nds the amount of soap used in
-ols. The third column contains the average particle fldil-ti.
id the fourth the� number of emulsified particles in the system;
-: fifth the total surface of the emulsi�ed phase in one cm�.
&#39; the sixth and sevmth columns one �nds the amount of soap
-sorbed on the particle surfaces and the amount of soap which
-still free  assuming that o is in the neighborhood of one!.
_&#39;m.n be seen from Table 5 that increase of the ratio soap to
sno-rner lads to more highly dispersed systems, a fact which
-&#39;vvell known from literature  ll!. This dependence of the
erage particle radius upon soap concentration is illustrated
Figure S, where the average radii of the seven emulsions of
.ble S are plotted versus the soap concentration; one notes
very distinct decrease of particle size as the soap concentration
reases. _� -

Tana 5. Dara on Decatuus or Pan-scs.a Sta; viva lsaesamo
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&#39;-sch of the emulsions was then polymerized in the presence
_ -odiurn perhorate  compare Table l! at 70° C. under moder-
shalcing in a number of equal ampules. _At certain instances

.-ules were withdrawn, and the average particle size of the
__ .lsion at that instance was determined by the above method.
_i.-nust be pointed out that, as the polymerization proceeds, the
�_&#39;Ision becomes a more and more heterogeneous system.
�the beginning there are only presmt soap solution and dis-
-cd monomer particles. As the reaction proceeds. however,

 has to consider soap solution. monomer particles, polymer
&#39; .1

92, &#39; . . .

&#39; - ".- .""&#39;.-tr 1-u__ ,.I&#39;

�1_&#39;_�>4 -:" __ ti�  __
"_...

J1
_,.. , s

I I . -.
-ue »,.�_-_ _.¢.-_

I -4 u _ &#39;

_  , 1 - 1
_ 92
. *9 �

&#39;.-4.

1
4-�

0 .
_ ll _l &#39;

&#39; ll   --y&#39;.&#39;Z&#39;I.I
ii &#39;-. .&#39;~s&#39;

-.»

.i_ - �-.92

_ &#39;;,4 1,il � 4 " .l - . - &#39;»- &#39;1
. &#39; &#39; -1 - _--i &#39;_J _- s ._ .1 .¢ _ &#39; . ,._ _ - .

&#39; ". 4 �7 ll; - &#39; &#39;
4 &#39; �l

T � » &#39;4 1  4
_.1.0~, l

4 ; __- -&#39; � _ It .

I Q5�  � � l� ~ &#39;
_L__  _,o-_ Tl �l

cl ~%;�dl_Ll_;.-4 &#39;| � 1&#39;14-92:_
_ 0.20 0.31 0.70 -all -D.� Al� &#39;
. -&#39; �""s&#39;°&#39;tI=rho1t&#39;Pctw:msnttnm - --

.I&#39;tq.8. lnllunosdloe-p�aaossshuttqc &#39;_ �=
&#39;thslvaroooPorIs:Ia&#39;Iho VT

a
.. ~.{92-I&#39; 92 -. -
y -

., �. F.

-5.-

92;~�.

47-4<
_ s

J If w~IID__ -.- . . ,_ --___¢;~ &#39; Q�. 4-

�- 4,..:.._ s -1t _Q _ --
s.-..-&#39;- �._ .

t  -J.

4

. . _ . - - i

particles, and the dispersed particles which consist of a solution
of _polyrner in monomer or of polymer swollen.ia monomer.
If one watches closely the sprmding of emulsions, which mu.-
tain already some polymer, it becomes evident -that they are
less homogeneous than the original monomer emulsion. &#39;

In all cases it was found that, as the polymerization proceeds,
the average particle size of the emulsion decreases. Table 6
contains a few actually measured �gures, and Figure 6 repre»
sents for several emulsions a plot of the average particle radius
versus the time at which the sample was withdrawn. -It can
he seen that during the inhibition period the particle radius
remains constant  in some instances even increases slightly! ;
while it decreases sharply as soon as conversion of monomer
into polymer sets in  compare the corresponding curves of
Figures l and 6! and �nally levels out at a �gure much lower
than the initial value. _ _ , .
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lnorderto�ndoutwhetherthissharpdecrnseolthe
avenge particle size is directly connected with the chemical
reaction in the system, we have ntn simultaneously samples
taken from the same mother anulsion with and without catalyst
under otherwise identical conditions, such as soap Concclrtratieas
shaking. temperature, etc. Emulsions from ampules not eco-
taining any catalyst did not show any noticeable change in average
particle radius. -In fact if there �were any signi�cant change
at all. it indicated a slight increase in particle size, doe pre-
�lmlblf 1° 10""! llllomeration during the prolonged shaking.
All ernulsions, however, in which conversion of monomer to
polymer took place exhibited a drastic drop in she average
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particle radius, as indicated in Table &#39;6 and Figure 6. In_s-otoe
cases the �nal average radius was as small as Sill A �.05-_
micron! although, in gmeral, under the experimental conditions
used in this study the �nal average particle radius was around
0.3-0.5-micron, and the ratio between initial and �nal radius
about ten. This shows that at the end ol the polymerization

.one has about a thousand times more particles present than at
Jb=brsinnins- _  .~ -

If one withdraws from me set of ampules two at a oertain
intermediate time  e.g., 5% hours! and intermediate oun-
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~:" > &#39;0-10 alcohol�

� lixtuvels l Iothyl nethoorylate 900 pl�l
.9 a
�Q a

-. , -

lixtuo In Dietillel water 1,9l0
. Dieodiun acid phoaphate

F ilono eodhn &#39; &#39;
1�o1yu:oth.aory11o and

1.0

o.e
1.0

Bodiua hydroxide _ 0.�

an hour. Polymer tun; beale.

.15�-_E.1_°J

�_

Bonsoyl peronee 7.8 Q - _-

0-1| do  a nolo lubrieantl 1| a mixture or aloohola
hydrogenated eetere of ooooannt 011.

� Ilizt-are Ls Methyl nathaorylate 1,830 parts
O I" o� -Terpineol. 18

&#39; Benloyl peroxide 13.!

Iixture la Dlltilled water 2,250 &#39; _
"il»arl1no1" 11.78.

"0-ard1no1"  ae unalegtying agent! 1| aodiun aalte ot
higher tatty nltate eetera. .
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-_ &#39; 4. _&#39;~ . .,$., ,-
tran ._ 1.4. 2
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{ho nixturee or A mo 8 are combined ano. agitatad rapidly &#39;
mile being hosted to e temp or 80°13. lo�uxed for about -
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the mixture of L and 3 are ecmbineo and panel thread: a eolloil "A

= L� eompaoted into torn euitable for injection molding.
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Ho� . I
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&#39;._..>".&#39;| � �H.
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�  Bl &#39;00! methyl nethaarylate,
- 20$ nethanrylie acid 1,050

Straight chain aliphatie aleele-10! 40 E
Denny!. peroxide . . . . 18.�! Q.  _ _ _ _ _ _" _ __

The ocnhined liqnide were intradnced into a veuel equipped with a re�ux _

eondenner and an anchor agitator and pare stirred hrthe agitator at dlO_rp.

Ihile being heated to the re�uxing temp et 82.0. After £0 min of re�uxing,

the monomer val polymerized to very amll eolid globulee. the liquid it

decanted, thl powder in Iaehed three tines in dietilled rater and dried at

10° tor $0 hare. &#39; &#39;
- - 3 - .

Ehe lottening point at the lolded product ineneaeel with the increasing

praportitn at nethaorylie acid. - h

kgle 8

A aolution or 4&#39;?! parte of methyl nethurylate, 88 parte of mthaurylie acid,

and I parts of tensoyl peroxide added to a eolutien at 1.! part: ei� methyl

eta:-eh in 1000 pun at water, at 10°, mi. mu-mg. After tn» addition

at the mixed aonomre, the teqa of the nononnr-rater dieperein vae rapidly

inereaeed to ite refluxing teq  OP!. the teq roee to 95°C. _ -

Ihe tine white granule: Ihiph were taehad thoroughly with rater and dried &#39;

tor 16 hurl at eo°o. Yield : ea: prtl.  Q. -

Oomrenion molding at 170° and 2000 Ibfing gave a transparent and tou� dite.
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