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Hendrick Conical Tumbler Blenders were devel-
oped for the rapid and efficient mixing of solids in
all states of particle division ranging from large
pebble to 200 mesh size powders. These Tumbler
Blenders are available in & wide range of sizes and
capacities, from laboratory models to large units
for the blending of five tons of solids per batch

Conical Tumbler Blenders are ideally suited to the
blending of: .
Pigments or colors.

Plastic moulding powders.

Ores for assay purposés. ;

Salts in pharmaceutical preparations. °
Dyestuffs,
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Hendrick Conical Tumblers owe their efficiency
to two important features:

1. End-to-end tossing action.
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, thus guaranteeing
a maximum rearrangement of spacial relationships
between particles per spin of the tumbler. The ex-
clusive Hendrick “baffled-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
of the mass in large aggregates.

The Hendrick Conical Tumbler Blender consists
of two conical bins attached by girth welds to a
cylindrical belt. Either separate trunnion members
emanating from the cylindrical belt, or a through-
shaft passing through the entire Tumbler (depend-
ing on the construction preferred) are used to sup-
port the tumbler. The trunnions or through-shaft
are housed in rigid pillow blocks. The motivation
of the drum may be effected through a direct coup-
ling of a trunnion with the output shaft of a motor-
reducer drive, or & motor-reducer and pinion and
spur gear assembly.

Drives for Hendrick Conical Tumbler Blenders
are designed for “inching” of the tumbler into posi-
tion for charging or discharging.

The compactness of the Hendrick Conical Tum-
bler plus its extraordinary efficiency as a Blender
gives it the following advantages:

Low floor space requirement per unit capacity.

Rapid, time-saving blending.
" Low blending costs.

Wt
L

T

£

: Sherak 7
ST 5 e by el

1

Hendrick Barrel and Tube Blenders are suited to
those instances of solids blending in which a grind-
ing or comminuting action is essential. Like the
Hendrick Conical Tumbler Blenders, the Barrel
or Tube Blenders are available in a large range of
sizes and capacities.

The Barrel or Tube Blenders are frequently pro-
vided with internal baffles which induce a longi-
tudinal exchange of materials in the Barrel or Tube
in addition to the local action caused by grinding
balls or bars.

The basic mass motion in the Tube or Barrel
Blender is an end-over-end or “kneading” action.
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- -In addltlon to the Mx:nng Equlpment descrlbed in the foregomg
_ pages, the Hendrick Manufacturmg Compnny bulldl
Toal R o R . ’
_! s S L i!éiin Kettle; :.t - E '
w L oo " Avfoclaves ) P
'!, RGN " Nitrators e ;, ) 5 '
: F R -;'_ - ' Su'lphonato;s S "}' ; !
e Coeloe - Emulsification Equlpmcnt,.-_ -._’, ] '
I - Oil Blowing Vessels .-~ " ...,
" - - "= * _ Chlorinators .1.‘ el ',
SRR Sy e * Paint Thmnmg Vessels - _ N
' VR _ Reactors .’ ",._ L - -
g e o Blending Equipment " = '»-- .- ] 5
LI S : Cotton Thinning Equipment -~ .
A Complete Pilot Plantg, ~ = ' ™~~~ '
o T .~ - +.7 - .. Complete Commercial Production Plants
T Lo ; General Welded Pressure Vessels }
e ‘ T ,,:.; Special Process Eqmpment _
. Al] the lbove equipment is available in all ferrous as well as non-ferrous metals and ulloys. and in the
. clad-steels. Hendrick Processing Equipment equ:pped with Hendrick Mixing Units oﬁ'ers umform hxgb

qual:ty constmction, easy assembly, and maximum

a1,
.l,c- »

. - ..

-For fu.l"ther mformatmn concemmg the m:xmgequ:pment descnbed in this bulleun,"vr for engl- ;

i .
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- meering assnstance in the solut:on of rmxmg problems or the des:gn and construction of chelmul v

ii ENDRICK WANUP) mq;rpq}gﬂ y\t: wiin.

P H Alm Manufacturers of Perforated Metals, Mltco Open Steel Floor:ng, Mitco“

Ve . -
W Shur-sute Treads, nnd Mxtco Armor nds for the process and other industries.” :
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1. Fractionation efficiency up to 50 theoretical plates.

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

3. Tem?enture range from room temperature to 752°F.
C

(400°C). L e
4. New precision device for adiabatic temperature con.
trol.

5. Atmospheric or vacuum fractionstions.

6. Three interchang.eable fractionsting columns.

7. Improved spiral packing for small column.

8. Rapid fractionation with complete visability.

9. Easily operated with a minimum of experience.

0. Special machined supports for assembling apparatus,

11. Precision copiro! panel for operating the column’s
“Staggered Dual Heating Unit” and sill pot.

12. Special alumioum alloy pot heater with low tempera-
ture lag.

13. All metal parts poncorrosive to normal laboratory
atmosphere, :

14. Rapidly assembled or dismantled. -
. .

An efficient and versatile laboratory fractionation column assembly with a
new method of adiabatic temperature control for complete fractionation
of many types of organic liquid mixtures eicher at atmospheric pressure
or under vacuum. .

For sdditiona! experimental resules, methods of operation, and details, see

article, "Efficient and Versatile Laboratory Fractionation Column Assembly,”
by F. Todd, Ind. Eng. Chem., Anal. Ed., Vol. 17, page 175, 1945,

Write for article reprint and TECHNICAL
i} BULLETIN 100 for more detailed information.
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PRICE LIST.

"~
™

G 17950 FRACTIONATION COLUMN ASSEMBLY... $175.

G 17955 CONTROL PANEL ..................... 75
G17960 ALL PURPOSE LABORATORY HEATER. . ... 25 L
ACCESSORIES

) (not included in the sbove assembly price)

C 17965 STILL POTS, Pyrex glass, with 19/38 standard taper
joint, thermometer well, set of eight assorted sizes with " L
the following capacities: 10, 25, 50, 100, 250, 500, 1000, IR
and 2000 Ml .. ... Set $37. B

G 17970 VACUUM RECEIVER, Pyrex glass, SO ml. capacity.
graduated in 1 ml. divisions, with five (5) standard taper
stopcocks for making necessary connections. . . .. $25.

G 17975 HELICES, Pyrex glass, 3/32” dia. for packing both the -
12and 25 mm.columns. .. .. ............. Lot $27. o .
(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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HIS PRECISE FRACTIONATION ASSEMBLY is the
the result of & comprebensive and critical sudy of prac-
tically all significant reports on methods and apparamus
for precise laborstory fractioations which were publithed
in the United Scates, British, French, and German scientific
litersture. In sddition, the methods snd apparatus sur-
veyed have been subjected to exhaustive experimental tests
in our laboratories. These tests have showo the need for
a versatile and efficient fractionation apparsrus of more
practical dasign to meet the varied fractionation require
ments arising io chemical laboratories. To meet this need,
& new, truly versatile and highly efficient laboratory frac-
tionation column assembly was developed with several
practical features which enable this single assembly tw
eliminste the wse of & pumber of fractionation units for
solving different problems.

The use of the recommended packings in the three inter-
changeable columns of this oew assembly gives unusaally
bigh fractionstion efficiencies over comparatively wide
raes of boiling either at stmospheric pressure or under
wacuum. These purticular packings eliminate the frequent
disadvaotages of the mse of precise reflux ratioo cootrol
devices which are invariably bulky, tedious to operate, and
, frequently have large bold-np upu:ny

(s
(P

A.mon;othcrfmura,d:cmﬂhudofthuunmbly
overcomes the sbove disadvantages by baving a special
compact Qesign, constant operation, very low boldwp
capacity in operation (0.6 ml); and ense of control. The
compact desigo sllows the eotire still besd o be com-
pletely enclosed within the beater jacker, thus enabling
the entire fractionation assembly to operate under essen-
tially sdiabatic conditions ranging from room temperature
to 752°F. This range far surpasses thas of any fnmonnmn
equipment reporwed i the literature,

The patented “Saaggered Dual Heating Unit™ operates
this assembly semi-sutomatically under practically adiabstic

- copditions for maximum fractionation efbiciency with com-

plete visability to all parts of the assembly. This specisl

e -

unit elumnuu the pecessity of nsing &l.;llz and
expensive silvered jackets which frequeotly make
observations difficult during the fractiooation
process. S

The above and pumerous other practical features
of this fractionation column assembly pot only enable
this equipment to be readily operated with wery
little experience but also make &t & geoerally useful
piece of laboratory equipment for all types of simple
or complex mixtures requiring precise fractionation
in & minimum of ame The oumerous pracrical
advanuages of this fractionation sassembly are well
recognized by the hundreds of lsboratories prﬂendy
using this sssembly.
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succ:ssm operation and general ac-
ceplance of our Brsl mode! Cartesian
Manostat {over 3,000 in use) bas led to
the development of a new, more sensi-
tive, completely unitized and mounted
instrument.

The Emil Greiner Company., first to of-
for a regulotor that operaied purely on
a pressurs principls, now. offers on im-
proved model of that regulator.

The new mamosiat is mounted on a
support and unitized to insure safe
bandling and easy insicllation in the
laborutory. One thres-way stopcock has
seplaced the two straight bore stopeocks

Mo

-t \-r'l.:‘_.--
L

ot

formerly used, which makes for easier
manipulation ¢f the instrument.

By Increasing the diameter of the Hoat
and the floal chamber, we have in-
creased the sensitivity to the point whers
any laboratory sysiem can be held at a
constant subaimospheric pressure rang-
ing from 760 mm. of Hg. down 1o about
1 mm. or less. The sensitivity and capac-
ity of this device has been developed in
@ recent publication which explains the
theory and operations *

We therelore recommend this device
as a mosl convenient, eflective means
for obtaining reduced pressure conmtrol
in vacuum distillations, vapor — Hquid
equilibrium measurements, otc. This de-
vice presents a simple, positive mecns
for sefting and maintaining any desired
vacuum in a system. ]t eliminates all
electrical appliances and no additional
accessories are required other than
sbown in {llustration.

The lunctioning Is explained by the foct that
when the pressure &s reduced o the dasired point
h&onnoddndsﬂomoqu?mnﬁh
within the mercurysecled bell chamber of the
Boat and outside of & The mercury thereiore in
ot the scae level

As 3000 am the rlopoock ls closed, It Ja obvious
Bal auy evocuation of the sysies can only be
accomplished through the orilice which is mow
just exactly in conlact with the dise.

The leak (nol exceeding the cxpocity of the
pump! which may be intentionally tntroduced

A lf|MPROVED

MODEL

(Potent Pending} ¥

I T e et A
el e PRI )

now ccuses increased pressure in the sysiem
and consequan! mercury displocemen! down-
ward outside the loat and wpward tnside the
Soat. The foat theowinks, cpening up the orifice,
and permiis unrestricted exhqust which then re-
slores equilibriur a3 the float rises cnd pushes
the disc In conloct with the oriiice and throtiles
the efect of the pump o= required.

With properly asembled system, smoolh =
curate control ks obtatned.

E- 1858, Cartesian Manostat, tmproved madst
complete a8 [lustrated, made of pyrex glas,
mounted on special aluminum support_ ex. $17.50

We will welcome your inquiries concernlng
larger and more sensitive units for special wes

*Foc complete details, pee exfichs by Roger Ollmest n
the October 94 Asoirtical ‘m of “Iadusiriel and
Engineering Chemistry.”

Toe EMIL GREIVER .

Brewch Offsice:
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VOLAND & SONS, INC.  3jrctxeariace

/Vawl'faw{a«:&ub:? '
STAINLESS STEEL. WEIGHTS

NON MAGNETIC - RESISTANT TO CORROSION - STABLE

Voland Stainless Steel Weights are made of a _bon-magnetic
alloy, specially selected, which is highly resistant both to
sbrasion and surface oxidation. Precision of adjustment
over Jong periods of time is thus assured. These weights
are not hygroscopic and therefore do not change wcngh: with
changes in humidity. They are resistant to corroslon and will
withstand most laboratory chemicals. hly polished
surface eliminates the need for lacquer or aﬁcr protective
coatings.

Voland Suinless Sieel 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 5-2 rolerances,

as desired,

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

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

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

~PRICES ~
Chh:r CI::!SZ FOR NOTCHED BEAM AND CHAIN
SEY 5 - 20 wlgnm ______ $1975 $13.75
20 grams to | mg. . ~.  $2975 $i8.50 SG grams to 1 gram | 2325 1450
50 grams to 1 mg. e .. 32.00° 19.25 100 grams to 1 gram 2725 17.00
100 grams to 1 mg. oo 34.75% 2L.75 " )
®Clax § scts supplied with Platinum snd Aluminem {roctionsls. INDIVIDUAL WEIGHTS
For Tantalom and Aluminum fractionals, dedvs §5.50. Price Price
Sixe Clens § Clam §-2
. bgram .  $l75ech $1. lOuch
2 gram ... 175 ~ 1.10
20 grams to 100 mg. . $25.25¢% $15.50 10 gram . 235 150 -
50 grams to Y00 mpg. 28.001 16.50 :8 Bram e ;;-;’ - ;;g -
ram
100 grams to J00 mg. __ ... 31.25¢ 18.75 100 gram 425 « 33
4 Clsss 5 scts supplied with Platinum and Aluminum Eractionals. For double checked weights add 305%
For Tantalum and Aluminum fractionals, deduct $4.00. For Factory certificate add 3070

.

- e EMIL, aﬂﬂwﬂ @

161 SIXTH AVENUE NEW YORK 13 N. .
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1S BACK AT ITS OLD JOB OF BUILDING =7~

ADVANCED DE;IGN HEAT TRANSFER EQUIPME

pate and compensate for the dificulties sometimes  there is no obligation involved by s
encountered io scual operation. Bell & Gossen _with B & G engincers.

offers this kind of enginecering plus modern mano-- - - . :
facturing methods capable o translsting good

desigan ioto fine product. - : .

] . WATER MEATERS FOR INDUSTRIAL USE .

- B & G Water Heaters cover & complete utility range, in-
cudiog tank and tankless models for either water-to-water
or steam-to-water beat transfer. Whatever your require-
mesnu, you'll fod the proper type and capeciry in the
B & G lipe. .

CENTRIFUGAL PUMPS . ~°* 7 -
Rugged compact uoits, with all parts machined to rigid
specifications and carefully assembled. Positive uniformity
throughout assures Guick and easy replacement in the feld,

B & G Centrifugal Pumps are available in either flexible-
_ coupled, base mouated models or with motor and pump
- ° integrally mounted. Open or semi-enciosed impellers. )

desired degree, the Booster sutomatically

raare

dooe on the job. - -

i T

FEIRR i
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< e s RELL & GOSSETT COMPANY, DEPT. J14, MORTON G
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For cash savings plus positive temparature control
The *'WU™ lastantaneous Water Heater is uipped |
with a B & G Booster, which pumps boiler water rough
tbe shell, thereby grestly increasiog beater capacity.
Whenever service water temperature drops below the

water through the shell until service water is again at
the ctorrect temperature. Pumped drculation permits
smaller p'ifes snd fitings—~hence material cost is cut 20

. ¢ booe and cuttiog sod threadiag can be

.

The art of building good heat transfer equipment Whetber you are planning modernization “of
is based pot only on sound theoretical engineering,  present equipment or are experimenting with pew
but also on practical experience which can aptia-  ideas for faster production and berter quality,

consultation

pumps boiler

HEAT TRANSFER
-~ EQUIPMENT

ROVE, ILLINOIS

217
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HE HANDIPILER .loads, un-

loads, elevates, stacks, ban-

dles cartons, cases, bags, other
packages. Compact, lighrweight,

safe, easy to operate, flexible, it

is easily wheeled into crowded

T corners, around the shippiog
platform —fioe for truck loading.
Adjustable boom is clesr of
supporting obstructions; easily

- extended over piles or into car
’ or truck. Floor locks hold ma-

* . chine in position. Reversible
carrying apron. Available in four

- gizes, high end adjustable up to
7%, 814, 914, and 10 feet; stacks

commodites as high as !2‘. 13,
or 14 feet. Handles individual
items up to 100 Ibs. Motor me-

chanism’ in base frame—plug

into soy coanvenient outleh_
Write for Bulletin No. CM.16,

STANDARD CONVEYOR CO. .

Genarol Officss: North St Pou? ©, Misa.
Saler end farvics ln Priacips? Citler

™ SOLLER-SELT-SUAT-POSSNAD SONVEYORE » PRRTADLE CRNVETORS

--&80 HILILG

[

o SMIRAL CADTES .

PREOEATIC TURE SYSTENS
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cth;mylcncst;mh ]mlno-

ond Linde unit where ene B8

arated. , The ethane i etamed o the s -
mit‘ . - " PN . B .

The nators) consumption i 120,000

tons per B 100 ke, of row gas |
produces 45 kg. of acctylene, 9.2 kg, of
ethylene, 5.3 kg, of carbon black and 425

sumes 7,000 kw. and prodoces 700-800 kg.
of acetylene per hr. : ;
The gas enters the up
mre through a tangen
produce a swirling motion in the arc tnbe
proper so that the arc will pot remain st one
point for sufficient time to buro
the tube. The arc tube proper is ap iron
pipe of 90 mm. inside diameter and 1 m. -
an length. A water jacket is provided sround
this tube to prevent excessive burning of the
tube. The arc is struck by a starting mechsn-
ism which i immediately withdrawn. The

e Bar

{

cleaning out the carbon black. Two arcs
used in connection with one water-
em in order that the arc tube cm be -
eaned or changed without materially of-
fecting the output of the plant. . .- -

v

to the third compartment. The con-
mtcd solution (40 cent solids) b
then fowed to 5 vacuum {150 mm. :v:p:d

stor with stimmer in well of tube

with tubes around the circumference. The
solution temperature was 60 to 70 deg. C.
A vacutum was maintained with 3 p and
the condensate discharged dmmg.l: baro-
metric leg. The stunry from the evapo-
rator is discharged to a continuvous centrifuge
where the hexamine is dried to § percent
H,0. There were four soch evaporston -
operated batchwise so that the mixer and -
concentrator were kept in continuous opens-

" tiob by rotating from one evaporatar &b -

snother. There were two continuous centr:
fuges, each with its own steam jacketed
dryer. The dryer agitated the product by a
rotating screw similar to s screw conveyor.
The hexamine ocontaining Sr:rccnt was dis-
charged into the dryen described above :
where the sgteam jacket maintained a tem-
ature of 105 deg. C. inside of the .
e hexzmine was put through » e
and screened to kze with oversize lomps
returned to the crusher. The prodoct (999

00 Ve, b i o e devie on, the
' with s weighing device on the,
maﬁmemmmm@m
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FINE CHIMICALS

HEAYY CH!’MICAU’

. limuﬁ:wpplyhmdBmasm.
“jeals for American lndm'y North,

- the heaviest concentrations of

" General Chemica) plents, webom

ey ,’ ndlabmdsnr&coﬁ:u-ﬂmpped
" and prepared to meet the d:cmal

- demands of the dsy. 7 % '
l'otdmon hlf.cenmry.:hh Chmwnhfo:Amnlndumy!

B!NlaAt CHEMICAI
- - 40 RECTOR STREET, NE\VVORKG.N.Y. ey
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PENNIE. EDMONDS, MORTON AND BARROWS

AssocraTss "
Friwx E. Baxm ) ' —

W Brows Moxrow COUNSELLORS AT Law Ravnows B, Cawrmmip
o T Ix .o \ Amworo
%ﬁ:mrrm. 247 PARK AVENUE . ﬁ‘o:'.;:. g‘nm.Jl.
gmczs-r 1% lﬁzncm ) ' gg:-lzfsm;"
Gronor E. Miopizrow NeEw Yorrk 17. N.Y. Cumr Vox Borrrcnsn.Ja

Lesiiz B. Youwo

D v ’
Doty ,.,’é“c kel Yasmmserar Orricss

Lo . 1 . w
Logis 1 Du!-;om:nmm Narioxal Prass Borionro - mg’-s:t
Rooxa T. MLEaw AxmoLp R.Womxstaw -
February 21, 1947 Jowx Boverman - -
13,610 L

Mr. Abraham Brothman

A. Brothman & Aesoclates
2928 - 41 Avenue

Long Ieland City 1, New York

Dear Mr, Brothman:

In our recent examination of your patent data relat-
ing to the process of manufacturing methyl methacrylate monomer,
we particularly called your attention to four patents which
we regarded as of oconsiderable importance with respect to your
process stieps. ’

We find that in the Patent Office proceedings the
following references, as lieted, weres cited with respect to
each patent:

Patent 2,054 242, Cocker et al

References 1,842,677, Blebenberges
: Br. 377,249

Patent 2;163,720; Yaughn A

References - 1,169,341, Merling
. Ger. 280,226

Patent 2,385,546, Bmith

References 2,161,191, Perkins .
2,163,720, Vaughn .
£,250,445, Bruson et &1 - .-%

0 2,326,099, Kokatnur et al -

- 2,345,170, Zeltner et al X

R e e et R i i Ttk T St DR

L R Lt O R LI T



Mr. Abraham Brothman =8 February 21, 1947

Patent 2,385,647, Bmith

References ' 2,130,525, Coleman et a1 "~~~

F 2,161,191, Perkins -
- 2,163,720, Vaughn

' 2,248,019, Frieger et al

2,250,445, Bruson et al

2,345,170, Zeltner et al

Sherman *Organic Analysis", 2nd E4,, p. 145 (Div.6)

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

Boxe of these references seem to be of considerable
importance, and poesibly your Mr. Gold will have & chance to
SN examine them at the public library. Your attention is particularly
S directed to Nos. 2,161,181; 2,250,445; and 2,345,170. The data '
. in the Official Garette with respeot to the iast-mentioned patent
ie as follows: - ’

"Patent No. 2,345,170, Process of Making
Acetylenic Carbinols
Joseph Zeltner and Michalilas Genas, Paris,
France; vested in the Alien Property Custo-
dian. Application March 29, 1940, Ser. )
No. 326,804. In France June 16, 1939
(Cl. 260--638)

l. The process of msnufacturing an acetylenic
carbinol by reacting acetylene with & member of
the group consisting of aliphatic aldehydes and
ketones in the presence of solid potassium hy-
droxide 1n a golvent medium including, the step
of effecting the reaction in an acetal ae & solvent.®

This claim would apparently be infringed by the first
step of your process.

Copies of the three patents referred to above were
ordered,

Yours ver

e f R Wohram.
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B U S

: AMERICAN CyaNAaMID COMPANY :
30 ROCKEFELLER PLAZA -~ : . L R . .. S
NEW YORK 20,NY. e : PR .-'--‘.;_--.a-':
CABLE m LIMEMITRO TELEPWONE ClmoLr ;__“‘“i ..: ‘
. January 7, 1987.. -~ "0 7

A. Brothman & Aaaociitoa,' . | . T ,': -f;i '}g.k,
8503 - 5Tth Ave., _ oL Loy
Elwmhurst, L. I. . L e T

Gentlemen: - ] oo j-'{:;';f*‘ |
jﬁ, S Nr. C. P. Davis of our Technical Division aﬁviééiiLQ:
e of your interest in Ammonium Metavanadate and in accordance "o

with your request, ve are making a five pound shipment from . '

our Bridgeville, Pa. plant, ..

This msterisl is available in limited quantitfes .~

from time to time at the folloving prices: .

N

2.50 per pound in 25 pound lots A At

Ia.lo per pound in 100 pound or more lots
' 2.75 per pound in less than 25 pound lotl;_ somy

usual terms are net thirty days.

' If there 13 any additional information which you .
feel ve can supply, please do not hesitate to write to us again, =’

Yery truly yours,
AMERICAN CYANAMID COMPANY

' e : ' CZ§%J:*£53UL o 'n,{f;-'wllg;iﬂ;
Lt e . . _ . B.,~J. Tuthill, .-

‘;'3213"“‘ Synthetiec Organic Chemicals Dﬁffl'
" ¢ . C et

B L T e e e e - A il

Attention of Mr. A. Brothman. E S A

Ty r

These prices are f.0.b. Bridgeville, Pa. and tha‘}.f;'
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- in Suspension—]I

RIUEE W. P. Hohenstein,'
[ F Vlnglello, and H. Marlc‘

- N THE last few yea.rs several authors (1-20)2 havc
2 ' | succeeded 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-
b able extent. It seems that the total reaction consists of
¢ several steps, which are chemically very distinct from
| each other, but take place simultancously or in quick
succession during the course of the polymerization (21-32).
There is first the activation. It can be effected by the
- action of heat or light or preferably with the aid of a
. catalyst (2, 3, 14, 16, 31-37). 1t should be mentioned
here that it seems to be more appropriate to speak of an
initiator or, still better, of an imstiating complex, because
there is much evidcncz for the fact that in many cases
the so-called catalyst is consumed by the reaction, and
i fragments of it appear in the final polymer. In most prac-
tical cases, mainly revealed in the recent patent literature,
one does not use a single initiator such as a peroxide,
ozonide, or metal halide, but uses an initiating system
$ Polytechnic Institute of Brocklys, Brockiyn, K. Y. '
% Bibliography references appear st the end of the article,

4

'Polyme'nzuuon of mel Derivatives .

usually consisting of an ox:dxzmg and a reducing agent.
Both collaborate n producing the activated polymerization

nuclei and maintain (at least over a certam penod) a

stationary concentration of them.

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 (3, 12, 16, 27, 33-38)
or, in more complicated cases, results in the transfer of
the capacity for propagation to another monomer.

The third elementary reaction is the termination of the
growing chains either by mutual saturation of the activated
ends or by collision with molecules of the solvent or of
any kind of deactivating impurities {1, 3, 11-14).

i:lnally there are other processes, such as chain trans-
fer (8, 12, 37, 39, 40) branchmg, or cross-linking which
eventually interfere and result in the production of ‘more
complicated macro-molecules,

It has been possible to derive equations which, in hom-
ogeneous systemns, allow the description of the interaction
of activation, propagation, and termination and make it
possible to precalculate the initial rate of monomer corn-

sumption and the number average polymerization degree .

of the reaction product in fair agreement with the experi-
mental facts (1, 9-11, 14, 16, 21, 41), This may en-
courage the nm:mpt to extend this kind of kinetic trcatmcnt
to polymerization in heterogeneous systems.

. The most common types of heterogeneous poly rcactlons
are polymerizations in suspension and emulsion (11, 41-.
I);amcularly the latter is of great practical value.

43).
There exists an extensive patent literature on it (examples
of which are 34, 44, 45); while only few articles have
appeared up to date in scientific magazines or books

. (4], 42, 43), the most informative of which is a recent

b
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Bernard Raitz ) .

" Fig. 2 ®eactor Flask Used with High Boiling Mossmers

paper by C. F. Fryling and E. W. Harrington (42). How-
ever it seems that the conditions for emulsion polymeriza-
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 10
" 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-

" Bermard Ravits

Fig 3. Astoclives and Agitsting Mechasism for Low Bolling or
. Casecss Monomers .

products as’ obtained by this procedure, and Table 1 gives

T W
- o twe * -

tion ; wl;ilc another paper-_All trv to propose a somewhat - -
quantitative treatment of such processes. - - -t
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 appears _ -
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- ~ .
eneity and purity of the product represent appealing *. . = ]
catures. ' .
Figure 1 shows as an example a number of globular . " -

a few representative figures of these materials. ..-.

Taxus L Prormmims or “Pram™ Porymmss = ¢ "
Average  Avernge A Y
Globular Molecular ° ) Tl
Material Size in Mm  Weight Appearance Charscterintics -
Btyrese ............ RE T 85.000  Transparent Hard, brittle
Bryrehe . oeae.. e M 78,000 | White, opagqoe Hard, brittle
Chlorostyrene ..ev2.. 2 67,000 \'d;:I. trany- H:.rd ’
. Incent : e
Chlorostyrepe ...... ¥% 73,000 Yellow, trems  Hard ~~
. - parent )
| )
=
' ® . / a
» ’/
] /l -
«© -
£n
A
£ . .
Ci P G
& . i
» L ‘ . g
S SR ™ S STV TS R TV S "
TRl W WO i .

Fig. 4. Bumple of Sespension Polymerizstion Rate with Styreme .~ |
Experimental Conditions e T
The principle of this type of polymerization is that the
liquid monomer is being dispersed in a non-solvent (in
most cases water or aqueous solutions) by strong me-

chanical agitation and that polymerization takes :
inside the small suspended globules. This eliminates the
use of surface active matenals and produces fairly pure
substances since the globules themselves do not contain
anything but the polymer and traces of a catalyst. It was .
soon found that, in general, iechanical agitation is not
sufficient to prevent the monomer globules from coalescing
at some time during the course of the reaction. It became
evident that it would be advantageous to add certain sub-
stances to act as suspension lizers. Several patents
(including 45) Tescribe and protect the use of soch
stabilizers which may be of organic or inorganic origin, .
They do not stick permanently and closely to the hAnal .
polymers. as soap or other surface active materials do, -
and can be easily removed at the end of the reaction by .

- adequate washing or filtering processes. -

A rather simple experimental arrangement can be em-
ploved. The polymerization is carried out in a three-’
neck flask, equipped with mercury seal stirrer, condenser,
and thermometer, Figure 2 shows one of these flasks
which has performed fairly satisfactorily. They could,
of course, be used only for monomers whose boiling points
lic above the reaction temperature, For the polymeriza- - ..
tion of lower boiling or gaseous monomers electrically

" Heated autoclaves run on a shaking machine are necessary

(compare Figure 3). .
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K Broducing and polymerizing suspensions -of various types.

“from agglomerating into a lump, and each one has its

.. formation of lumps when used in small proportions;
" while very large_globules_appear jf higher proportions
are em I ed

; . Table 2 illustrates some formulations and
Stheir ments.

Y Tamr 2. Errscy or Dnrraszet Srasmizms ox Stm or “Pran® PoLvsas

wlymerization the hydrocarbon soluble types proved dis-

" -reased with the amount of peroxide used and that under
" he conditions prevailing in these runs the main part of
. +he reaction takes place between the second and third hour,

U - —— vk

L E - . . -__\ __.' ~. R R X . -
< . . R S T H : R
- IR S o : - . S e T e et TN -
o T } L AN Sl T .
foT ) : . - . ' e ek
L Lo S o N o o LTS

"In the following we shall give some information about

ifferent materials can be used to prevent the globules

- optimum proportions. One characteristic of a_given sus-
. pension_stabilizer is_its capacity to maintain a certin
definite average size of the polymeénzing spheres in the
-suspension. _ IntMheient mispension statilizers favor the

Grams . .
—e i Tempers- Globular
¥FWater Hydrocarbon c.u‘:‘yu Stabilizer—4%  tore—*C. Hoars Siﬁ/‘m
m,

200 0 I Tak YRR ¥ $ 1
t 300 50 1 Polyrioy)
. aloobsl 0.5 9095 £ 3
300 so 1 Gelatin 0B 90-93 s 2
300 50 1 Bemonite 30 9095 ¢ .1 Y
i Beraard Ravity oL L .
« 1T 1T ,
BCALE . g .
80 ‘Hl Tt 1 Fig. 6. Styrens “Pearhs dV:ryu;be-;rdemmr N
«© i ~ > ] if one has between three and six times as much water as
. ) hydrocarbon. Higher proportions of monomer interfere
) 7 : y k with proper dispersion and make the temperature control
3 74 I A P pe
i . o ' \ more di 1. : L
- ® y 1]+ K Benzoyl peroxide initiates styrene polymerization in dis- |
20 7 1 _Se= 11 persion at temperatures above 50°. C. (2,14, 35, 36). 'I_'he
hf—" ) LY AN polymerization temperature is limited by the softening
S R T R R RN TN T heJ point of the polymer. Approaching it, the globules u.'ind .
CAET 200 L to merge and to yield lumpy masses which do not poly- -
,::f :13 :';: g :': 3::’ 473 80 B3 830 L7 €O merize homogeneously and include some of the suspension .- . -’
] DUMETER N MILLIMETERS ’ stabilizer, In our experiments, therefore, temperatures of .

about 10° below the softening range of the reactant ma---.

Yig. §. Pelymar Size Distribution Curves for Suspension Pebymerized terials were used. R

Styreme The pH of the aqueous phase has a definite influence -~ ™
S~ i on the ease of “pearl” formation. Alkaline conditions up- - = -
‘- Catalysts, or rather initiators or activators, indicated for L 2

his method of polymerization are mainly of two types:
1amely, hydrocarbon soluble organic peroxides and water
oluble .inorganic peroxides or salts of peracids. It was
sbserved that contrary to the experiences with emulsion

inctively more effective. (See Table 3.) A series of
-xperiments carried out with styrene and benzoyl-per-
axide at 90" C. showed that the rate of the reaction in-

"“asrz 3. Errecr or Somr Oxcaxic amp Iwoncamic Praoxipx ACTIVATORS ON
: Strazxe “Prant” Porrmzas

Grams . Tem-

e —— Benzoyl Potsssium Sodintn pers-

Vater Styrene T;lc Peroxide Persulphate Perborate Eua Hr. Resoh

B L ) <08 : - 90 3 Stable
. . BUBpER-
sion; fittle
yimet
: . ormed
a8 %" 20 3 Polymer
. obiles

s

N ormed
[+ ¥ ] %° 20 3 Foymer

- furmed

Q.8 2%t ¢ 13  Lirtle poly-

{ormad
% on weirbt of monomer, ) R
The initiator was sdded in three portions in one-bour intervals

§§'...§
e ¥

. The ratio of water to hydrocarbon is of relatively small N e
nportance as long as one works with a sufficient excess g 3. Srrrene “Pasr™ Pobymer befors (left) sad after Swolliey -

* f the sanaie nhacs _Favneehle anndidae - semmotr prdotr.
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. 0 o
. toa pH of 10 do not interfere with the fl(_ utipn of pearls;
while reduction of the pH even to 5.0 proves;,detrimental

to the reaction. : - LI
Keeping the above points in mind it is compéibtively
ecasy to control the course of a “pearl” polymnz@@n
and to obtain globutar polymers of any desired size. A

The Suspension Polymerization Reaction . o ,

“Pearl” polymerization takes place in three rather
_ - - definite steps. There is a first period during which the
' dispersed globules of the monomer remain liquid and
show little or no tendency to coalesce as Jong as stirring
is continued. This part of the reaction roughly corresponds
to the induction period as observed in other polymerization
rocesses. During the second step some polymer is
ormed in the globule and dissolves in the monomer, thus
producing gummy and sticky particies 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 colloiding spheres are liable to agglomerate. At
the beginning, while the reaction mass is still fairly fluid,
such coalesced spheres are quickly 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. '
" Whether a particular material polymerizes in well-
defined “pearls” or whether it lumps together seems to

depend upon the s

tirring. the nature of the suspension

‘stabilizer, and the difference between
aqueous medium and the monomer.

the density of the
Best results are

obtained by adjusting these three contributing factors
carefully to an optimum degree. It scems that the finely
dispersed stabilizers adhere to the surface of the spheres,
and form a layer around them preventing coagulation,
upon collision during the sticky 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 carry out polymerization of mo-
nomers, such as styrene, acrylic denvatives, 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 bulk polymerization (12, 21, 37). Only hydro-
carbon soluble initiators, as benzoyl or lauryl peroxide.
start the reaction effectively at temperatures between 40°

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 consumption, which
is equivalent to polymer formation, is approximately
proportional to the square root of the concentrations
of the hydrocarbon soluble catalyst. This points® to
a radical chain mechanism for the reaction inside each
+ individual globule. Owing to the small mass of mono-
mer in the globules and to their extensive cooling
by the aqueous medium, the temperdture in the globules
does not undergo significant variations. All this tends to
show that “pear!” polymerization may be considered as
2 bulk polymerization with effective water cooling. It
.must be pointed out, however, that the rate of monomer
consumption in suspension seems definitely 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 .

T pmwmewe mgr v e e o Al e Sarwmesm, sTn e Sl A el b

, the values of 107 and 0.72 respectively,
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Fig. 8. Iatriasic Viscosity v&. Concentration for Styrene “Pasel” Polymers

.y . .

.

al }un of styrenc at 85° Cand the a:houm.of polymer ' _

formed at various time intervals,

The Resulting High Polymer . ST R
The polymers obtained in small-scale runs comsist in *~
most cases of rather perfect globules -of fairly uniform.
size. Figure 5 gives the size distribution curves of three -
difierent batches of polystyrene. It is significant that in -
each of these curves the largest percentages of spheres
occur in a relatively narrow size range, and the'E.rgm
globules have diameters approximately twice that of the
smallest. Depending upon the nature of the stabilizer - .
and the final 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. ’ ' . R
Mechanically the “pearls” can be hard. soft, or yub- =
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 biquids. <~ .

Figure 7 shows such a “pearl” polymer swollen and sus-
pended in toluene. This material is rubbery and semi-
transparent and apparently consists 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 difficult to remove from the
reaction vessel. “Pearls” of this material, however, can
be easilv removed from the reaction flask and represent
2 material which offers no difficulties for rolling or calen-
dering operations. . . C
In order to get an idea of the degree of polymerization
of some styrene “pear]” polymers, the viscosity average .
molecular weight was determined (39-41. 46, 47). Solu-
tions of the polymer in toluene ranging from 02-0.8%
were made, and their viscosities measured in the usual |’
way. The intrinsic viscosities of the solutions were
obtained by extrapolating the y sp/c versus concentration
graph (see Figure 8) and the molecular weights com-
puted from the equation: ;q] = KM?, using for KX and a
able 4 gives
a few examples of molecular weights of polystyrene
“pearls” and shows that the molecular weight is of the
order of magnitude of 85,000 even under somewhat varying
reaction conditions. B R :
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Tanz 4. Morzcvas Wocars o Sryexnx “Pun” Pourmis .'

Grams .
—— e, % Su sion L 3 Time Tempersture Maolecular
Styrepe Water  Stabilicer  Catalyst  Hoor . Wr. Weirkt

.30 300 ale 1 1.0 3 - 85 25,000
50 $00 L R s a8 18 FE] 84,000
S0 $00 Bent, 3 1.0 * 15 - 5 a3,000 -
0 300 Beot, 3 07§ 19 - Fi] 85,000
[ 300 - Bemt I 1o . -8 $3.000
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N TWO previous _lbon papers (l, 2" a iew experimenn

on the polymcriution of siyrene in unagitated aqueons solo-

tion, suspension, and emulsion were reported. This article
_intends to present somc data concerning the same mmon in -
" agitated emulsions. '

- To get a preliminary insight into the mechznum of nx:h

emulsion polymerizations it becomes first of all pecessary to

carry them out under controlled conditions in a reproducible

way. This is by no means simple. While it is comparatively

easy to reproduce individual polymernization runs of styrene in -

solution or in the pure monomer phase regarding the amount
of polymer formed at & given instant to within a few per cent,
it is a rather dificult task to get a reproducibility better than
10 or 12% in emulsion. We therefore believe that the following
- experiments have only the character of an exploratory and

orienting study, which allows the drawing of certain generl.l
conclusivns on the reaction mechanism and which makes it clear
bow better experiments should be planned ior a more conclusive
investigation.

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

1. The amount of polymer formation during a certain time

The molecular weight distribution curve of this poly:ner
The average particle size of the emulsion at any pven
Hme. h
The partu:lc size clumbunun curve of the emulsion at
any given time.

.7 6. The amount of catalyst left and the pH at any given time.

In the following we shall present 2 few expermments dcalmg
with points 1, 2, and 4 and add some remarks about points 3
and 5. The change of pH during the emulsion polymerization
of acrylonitrile has been recently followed and discussed by
Fryling and Harrington (3).

Amount of Polymer Formation .

A pumber of styrene emulsions sith different average initial
particle size were prepared by varying the amount of ammonium
oleate in the system. Table 1 gives 2 survey of the' emulsions

. used for thesc roeasurements, Ah‘quot parts (36 milliliters) of
these emulsions were imroduced inis test tubes (of about 50-
milliliter capacity) which had been drawn out into a thin neck

o AwmN

; - of about three millimeters diameter, The caialyst was then added;

the tube scaled and put in a shxkiasg device, which operated at
constant temperature with the mederate speed of 50 shakings
* a minute. It should be mentioned here that the specd and mode
of shaking are of considerable mfluence on the shape of the
conversion curve and also on the total amount of monomer
. converted. We carried out all observations in the same shaking
machine with the same rate of sbout S0 shakings a minute, but
did not carry out any syslematic investigation of the influence
of rate or mode of shaking oo the rate and amount of conversion.
The tubes were withdrawn at definite time intervals; the necks
. opened and the contents poured into a dilute solution of acetic
acid to break the emulsion. The coagulated polymer was filtered
© off and washed several times with methanol. Then it was
redissolved in methylethyl ketone, reprecipitated with methano!
and repeatedly washed with methanol and water wmtil the
washings were {ree from monomer, catalyst, or scap. The
product was then dried and weighed,
The reproducibility of this method was tested by withdrawing
several ampules at the same time: and oompmng the amounts
{. thdlo industriad rescarch fellow st the Polytechoic Institmte of

pesent sddress Gepernl Aniline & Fitm Corp., ressarch lab-
nnlm tl:tnn. Pa T
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. proceeded, the results could be reproduced to about 10 or 15%. -

The a.veuge degree of polymerization of this polymer. .

m.celles and by Vinograd's (4) measurements of the heat of
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of polymer formed. At low conversions (up to 20 or ZS%) i
considerable variations were encountered, but as the reaction ;

Vinograd (4) recently studied the polymerization of soap- -'. .-
solubilized styrene with the pycnometer method, which offers. - '_ s
the advantage of continuous obscrvation and, very premmably

also of better reproducibility. - . - -_ . P _""'
Taets 1. CramacTERISTICE OF TaE Srysenn E-vuml Umo ,~'~'7'-.';, -
M) mnhncm contaioed: 380 ml = 1 mols water e LT
19gnm = 0.18.mol monostyrene R
28 gram = 0.0}4.mol lod.lr.lm pﬂ'brlﬂ T T
- ‘o Molar mtio water to monomer $5.§ LS S
. Molar ratic monomer to catalymt $.3 -~ me e

Thx emulsions contained the {ollowing amounts of ammonium oleste: T : -

Ran Grams Mols Molar Ratio—  Molar Ratio= -
Na. of Scap - of Soap Monomer/Saap  Soap/Mooomer - -
1 0.9 3.0 2 10 0 1.67 = 102
2 1.0 3.3 = 102 $4.5 ' 1.33 = 10
3 1.1 36 x 107 30 200x 104 -
s 12 &0 x 104 M 20 T
§ 1.3 4.3 x 107 -42 233 = 104
3 1.4 4.6 2 10 N 1.56 x 10
? - 1.8 - 50 x1 2 2.7 =

Figure 1 ‘shows some conversion curves of emulsions with
different initial average particle radii (04, 1.6, and 3.6 microns). -
It can be scen that all curves have a defipite inhibition period -
which increases with the initial particle size of the emulsion - -
An inhibition period was to be expected because, firstly, the .
monomer presumably still contained traces of stabilizers oo - - .
other impurities and, secondly, air was present in these experi- -
ments. It seems that in emulsions which -contain more soap °
and hence on the average smaller particles, the inhibitors are ~ 7.
more rapidly disposed of than in less highly dispersed symms D
Several reasons can be offered for this effect B

If the inhibilor is monomer soluble, it will take more tune to '
diffuse out of a large globule than out of a small one; hence the * .. - -
critical inhibitor concentration at which the reaction procccds mp- ..
idly is reached sooner in a highly dispersed emulsion. If the inhibi- -
tor is water-soluble, it may be that it is more rapidly destroyed
in systems having a large specific interface area or it may be -
that emulsions containing a higher soap-monomer ratio are
capable of a faster nuclems formation and, therefore, consume
the inhibitor more rapidly. The last explanation would be
supporied by Fryling's (3) views of the action of the soap - - '

activation of nuclear formation in soap solubilized styrene. - '
The inhibition period can be reduced by using highly purified
monomer and by excluding oxygen from the system as much
as posub'le {comp. 2), but we have no systematic mnltl U
oflcr in this respect as yet. - . e
If one takes samples {rom the same emulnon (oonmmnx the -
same amount of ighibitors) and runs them at different tempera--
tures, a s1xmﬁc.mt decrease of the length of the inhibition pennd
with increasing temperature is observed Unnr lhc nme Ap-,




S i . - ':_-_' - T
A LT ST A T
. P . €, -~ . ¥ -
100 . ‘C -
L .w -
80— 340 |—
&0 i
0 9“/: 1 0 20 4 60 8 lm O
» l)’/ : : % m s -
. * / X 3 : nqtlnrwoudhnnlmlbm R
20 260 // : . lr Weight of Pive lmln Lo T
: . 240 e '4;'-.-"' 5
0 - . ’ y .
) 2 4 6 8 . // "o ) s L
Time in Hours - 220 / - LT ~
Fig. 1. C@vnrﬂnn@uﬂn.hrm // e «'-.‘- ) ‘_" ..l
of Ditferent Initla] Particle Slze 200> N ! -(I-:f:) e e
‘ 180 hc 3 hkhdcwudﬁm!‘mﬂcﬂ ‘
. : 0 025 050 075 w00 - oo Po.lmfbdun .
. . " Polymer Concentration in S ~¢ .- _ L.

(2) one obtzins for the activation energy of the initiation reaction
values between 15000 and 18,000 cal per mol. This setms to
indicate that the initiation process in these agitated systetns
has about the same energy requirement as has been deduced by
Vinograd (4) from the initial rate of the polymerization of
styrene in unagitated soap solutions and by Frilette (5) from

- the inhibition pcnod in such solutions.
’ Avorage Degres o Polymerization of the Polymer lﬂ'-ul

" molecular weights M by the equation . .

R i e Rl

" After the samples had been weighed, they were used to
mecasure the viscosity average molecular weight of the polymer
formed 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 scatiering measurements were carried
out, but the infrinsic viscosity was used to determine the wis-
cosity average molecuiar weight. For this purpose the wis-

" cosities of four or five solutions of each sample were measured

at 40° C. in toluene within the concentration range between

¢=02 and c= 1.0%, and the specific viscosities y,, computed.

Graphs of g, versus © were then made, and by a straight line
" e

extrapolation the intrinsic viscosity [w} of each mample was
determined. Figure 2 shows as example one graph, representing
three polymers withdrawn from a run at 475, 5.00, and 550
hours, which was started with 180 milliliters of water, 19 grams
of munostyrene, and 1.4 grams of soap and polymerized at 70* C.
This ran is No. 6 in Table 1. The intrinsic viscosities of th:
samples are 1.92, 1.97, and 2.04 respectively. -

These walues werc then converted into ﬂscoslty lrerue

@

The two constants in equation (A) were chosen from values
available in the literature. We are very much indebted to Lo
Drake and R. Spencer, of the research department of Dow
Chemical Co.,"Midland. Mich, who recently carried out more
precise recalculations of these constants and recommended to
us the above valves. 1t must, however, be pointed out that all
the polymers for which comparative osmotic (or light scattering)
and viscosity measurements have been carried out and for 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. 1t is not impossible that a, poly-

{s] =12 x 10 x M'"

mer formed in emulsion requires another set of constants, and -

we, therefore, do not think that the obsoluie wolucs of the

of these valves is suﬂiment to l.“OI' thc Sew amclnmm wl:nc.h
wil b: drawn from them in this section.

‘hlu 2. Viscomry Awpwacr Iluum.n Wricens M ro Tmx Pa.vm
Witusnaws ar Dirrexewr Tixes pvatsc Srvesar Russ

M Estimated from Intringic Viscosity afeer

Run No. 4% Hn. $ Hra $¥ Hn 6 B, ? Hn.

L S vetbas eemene arnn 1,140,000 4,160,000
S B £70,000 1,130,000 - 1,110,000
3 .... 500,000 $70,000 $20.000 720,000 1,100,000
4 ... $70,000 590,000 630,000 45,000
5 ... 930,000 960,000 3,000,000 | ...... warean
6 ... $80,000 640,000 sevsai . . wesess
7 ... 1,100,000 P00000 i o..ieih  eanaan T feesees

Table 2 contains the viscosity average molecutar weghts M

.of samples withdrawn at different times from runs No. 1 to

No. 7, as listed in Table 1.
(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 molecy- |
Iar weights of five runs (Nos. 1, 2, 3, 5 and 7) are of abom
the same order of magnitude: namely, 1,100,000 while runs 4°
. and 6 yleldcd materials of a lower degree of polymerization
We cannot give any reasonable explanation for this fact because

It can be seen that in most cases .

there was no evidence for any irregularity dun.ng these two .

runs as compared with the other fivee. This is come of the
dfrequent instances in which uncontrollable eﬁ'ecu occur during
emulsion polymerization and which r.crtamly call for further
tnvestigation and clarification. -

The figures of Table 2 represent the M- values o{ the polymet
formed wp to o certoin time ¢ or comversion 8. In order to

previous paragraph, they have to be transformed into differential
or inslantancoms values: mamely, into the molecular weights of

the polymer formed during s given period, say between thd -

6ifth and sixth hour of the reaction or between 55 and 65%
conversion. The time average M of ‘the viscosity sverage
molecular weight M up to a cooversion ¢ is otmomly mven by

- M =f-f/‘l(z)dz LB L
where M(z) is the mtanuneous viscosity nvengc molecuhr

weight formed at the conversion z. D:ﬂercntmmg (B) with ’
respccttozoncobums .. - ER

Mizia Firzﬂ C‘

cll’onevouldwth[q] ” Nlﬂdl’ﬂ.’ll m‘

Suudinger oqustion

correlate them with the conversion curve as discussed in the . -

iy ew &

viscosity average molecular weights,

as veported here, are

-yery reliable.

We believe, however that the relative mgmtude

LICR

walue of 4.5 x 1094, the maximum mol_ecular weight dnimﬂ durm Ihne

nu-nnldbe;boutﬂ:dﬂm
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-order o compute M (2) as a funclion of z, onc first plots  alio viscosity) average molecular weig i o{ the polymer formed . ’
alues of M, as indicated in Table 3, versus z and obtains du;_:: this last period of the wl{m%nnm o by : .
T i ; Lmiats - ideal situation would be § were Tepresent & -
k 1 of Fm-nre 3. Then after gnphu?al estimation of i horienta) straight Tine im the graph of Figure 3, because then =
" mes equation (C) to calculate M(2) as a function of € 4 . " C ishe d the instantancous © -
* js indicated in Figure 3 by curve 2. Comparing curve 2 the second term In equation (C) vanishes, an I
. . . -molecular weight M{z) becomes constant and equal to the - .
gure 1 with curve 2 of Figure 3, it can be seen that the — . RV
sular weight of the polymer formed during the period im- M; the same type of polymer would be' produced throughout co-
1 ately after the start of the conversion (before the fith the reaction. This, however, scems Practncally never to be the - .-
* )—acerleration period—is comparatively low. This can 3¢ in emulsion polymerizations, which bave conversion curves .

. . :plained by the presence either of traces of inhibitor or uf of the type shown in Figure 1. o ~
. 2 1inbreaking addition compound between inhibitor and acti- Another indication of the distinctly heterogencods mature of ~ . |
y momomer, As the reaction reaches its full rate between the polymer formed in the course of such a reaction can be " .
5 i3Y% and t == 634, the molecular weight of the polymer obtained in the following way. The samples withdrawn from . - " e
' ‘Ted at that time increases, and it is only during this period run No. 1 after six and seven hours have intrinsic viscosities e
. 4 1he chains grow out to their proper length, and a material of 2.57 and 287 respectively and consequently {as shown im ~°
> '} aximum DP is produced. It must be emphasized that each " Table 2) have molecular weights which are not far apart from " - s
"ntancous molecular weight is still a viscosity average over each other. However il one follows the procedure of Huggins
¥+ species, because even under exactly defined macroscopic  (8) and computes from the slope of their fespeclive g, Deraws -

s ‘stions, such as concentration of monomer, catalyst, inhibitor, : . ' . € s

3 (difiereny active centers will grow out to chains of different ¢ plots the - K’ constants characteristic for these two polymers,

: ‘h because of the statistical nature of all molecular processes.  one arrives at values of 037 and 028 respectively. In the: ) ’
polymer &t each pivem conversion t is thercfore already @ sense of Huggins' interpretation and of previous investigations .
ure of chains of different length. To this heterogencity is. by Flory (9) on polyisobutylene, Alirey and Bartovics (10) -
superimposed the non-uniformity of the polymer formed on celiulose acetate and polystyrene, the k° constant characterizes . .
«e difierent periods of the teaction as shown by curve 2 in & polymer solution with respect to the mutual bydrodynamical ~ 17 -,

s d . . imteraction between the molecules of the solvent and the sub-

T T : ] molecules of the polymer. If the two samples of run No. 1 - .
.., fass 2 Ti Amz %:3&'11’%'1'.?:..‘."."' Matxcoia Weiony have similar average degrees of polymerization, but widely © . - .
- Ko 4; Five Samples Withdraws brtween t = 5 Homrs aod « = 7 Hours different k' values, as they do have, it may be interpreted that - - .77~
g — — $(x) of Polymer either the molecular-size distribution is different or that the - ..

* . timeof % Cooversion M from sM F d a1 two polymers differ from each other in certain structural details - -

g- . thdmawal xwt That Time [+] $: That Time 6f the chain. Another similar case is encountered if one com- i

r. T 570,000 + 1300 610,000 pares the k° constants of the 4}3-hour and S-hour samples of

‘ 0 §90,000 + 1300 670,000 run No. 5 (compare Table 2) which have very much the same ~ -~
S ° e iy 40 et average molecular weight, but distinctly different k' walues:

L — €000 $%0,000 namely, 026 and 039 respectively. e

H 45,000 ; .-
. . : These samples, as well as those of run No. 1, al® show - .-
‘| this contributes to the fact that the final polymer, as qualitatively rather diflerent solubility characteristics. If one
mulated throughout the whole reaction, is a rgther in-  prepares a 1% solution of cach in methylethyl ketone and adds
ogeneous material and, particularly, contains a u*dcrable methanol, the first precipitate appears ai distinctly different .
‘unt of chains of inferior length, which according 1o recent amounts of methancl added, and the behavior of the two solu-
ies of Harris (6), Kemp (7), and their collaborators may tions throughout the precipiation is different. .
be detrimental for certain mechanical propertics of the The pext logical step would have been to0 work out complete
;  erial. In most of our runs the viscosity average molecular molecular weight distribution curves of the samples withdrawm - oL
st of the polymer formed up to a ceriain time increased  at certain times during the different runs. These samples, -~
‘y, but steadily during the reaction, indicating that a material  however, were in most cases too small for such a further-going
4 ocreasing DP is produced as the conversion proceeds. In analysis, and we did, thercfore, postpone thiz more ‘elaborate
b - . cases, howeves, it was found that, as the reaction pro-  study of the composition of the polymer formed up to a certain -, .
.5 further (conversions around and above 90%), M(z) conversion. A knowledge (even approximate) of the molecular ’
cases again and eventually assumes rather Jow values toward weight distribution curve of the polymer formed during the
" .end of the run. There are presumably several factors which different periods of the reaction would be of considerable value
ribute to this effect; two of them are the following: " for the intcrpretation of what happens during .each of thest
£ . 1) As more monomer is consumed, its concentration de- periods. . . :
.. . -ses and reaches comparatively low values around and above . .
i * conversion. In bomogeneous ' systems the rate of the Average Particle Sizs of the Emulsions
hagation reaction depends upon monomer concentration of . : ' - S
) ~ixponential power between 1.5 and 2.0; while the different Another interesting question was how the average particle ’
' lination reactions depend upon monomer toncentration of  size of an emulsion and its size distribution curve affect the
B _exponential power between 0.5 and 1.0, Responsible for the course of the polymerization reaction and whether the average
-age molecular weight is the ratio of rate of propagation size of the emulsified monomer particles remains congtant through-
" rate of termination, which is roughly proportional to the out the process or changes as the liquid monomer is converted
fy - power of the monomer concentration. Hence decreasing’ gradually into solid polymer. It was known from previous
" - _«smer concentration depresses the average molecular weight industrial work with emulsions of the Bunzs & and Bunma N
“.the polymer formed. This conclusion, of course, cannot type that their average particle size is considerably smaller -

;. .rigorously applied to emulsion polymerization, the kinetics than that of rubber in native Jatex, and it is qualitatively ap- o
; ‘which is not known, but it seems not unrcasonable .o parent that the nverage particle diameter decreases during
- ~ume that, in general, 2 decrease in monpmerconcentration polymerization. The initial emulsions, as prepared by shaking
. Elways tead r: ight. the pure liquid monomer with a dilute soap solution, wsually =~ -.

* . BY Duning the whole course of the reaction, decomposition have & creamy color, which after polymerization shows s dis-

" “Jucts of the catalyst (mainly oxygen) can act as chain- tinct bluish tint, indicating that during the reaction the degree |
-&kers of transfer catalysts and thercfore influence the degree of dispersion of the colloidal system has been increased. T
solymerization of the product. It is conceivable that toward There are several ways of investigating the average particle

_ end of the reaction there are relatively more such decom-  diameter of such suspensions and even to arrive at an approxi-

" ition products present per unit sumber of growing chains mate form of the particle size distribution curve of which the -~
. v at lower conversions. This Jeads to a lower number (and use of the optical dark-field microscone (11-12) and of the
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electron microscope (13) ‘have been rtpﬂﬂ.-dly demonstrated
with great success. Considering the orienting character of this
investigation, however, we felt that 1t would be recommendable

_ to select a less time-consuming and complicated procedure in
order to be able to determine approximately the fmeness of a
large number of emulsions at various degrees of conversion
during the progress of polymerization. We therefore wsed 2
spreading method outlined a few years ago by Davey (14),
whith seemns to give results qQuickly and reproducibly. They
agree, at least in the first approximation, reasonably wefl with
those of a direct optical or electronoptical counting.

The procedure follows: One uses a normal hydrophilic Lang-
muir balance and first determines the area which a certain volume
{e.g, 0.0l-milliliter) of a pure dilute saap solution requires
because of the spreading of the surface active ammonium oleate.
Curve 1-in Figure 4 shows a compression curve carried out
with 0.0112-milliliter of a 0.5% ammonium oleate solution.
One miliiliter of this solution contains 5 x 10-* grams or 1.5 x 10*
mo] soap, and the total amount of soap solution spread on the
surface contains, thereof, 1.68 x 10" mol soap, or about 1.0 x 18¢
molecules ammonium oleate. Evaluating c¢urve 1 of Figure 4

- in the conventional way, one arrives at an extrapolated length
of the compressed film of 282 centimeters. Multiplying this
by the width of the tray (14.0 centimeters) ome arrives at &
spreading area A, for the soap of 5 em® This, dhvided by
the number of scap molecules spread out on this area gives a
surface requirement of 39.5A" for a singte anmmonium olears
molecule, which compares with the fir'res found by N. K
Adam for potassivm laurate (15).

Next, after the balance has been cleaned and readjusted, one
spreads the same amount (0.0112-milliliter) of an emulsion,
which was made up with a soap solution of the same concen-
tration (0.5%), takes a compression curve with the emul-
sion, and determines the surface requirement A, of the emulsion.
It is, in all cases, Jess than that of the briginal scap solution.
This imdicates that the globules of the emmlsion fopether with
the scap left free after emulsihcation cover a smaller area than

the original soap did. This is obvious because a considerable .

amount of poap has been used up to cover the surface of the
emulghed particles. Let us assume we have n globular particles,
al] of them having the same radius r; then pédsr® is the totl
surface of the emulsified phase, and the amount of soap bound
by adsorption on this sorface will be proportional to it: namely,

", endrr™  The factor & takes into account that the density

of the scap on a2 monomer particle may be different from the
density of a soap layer on water. By comparing some of our
results with direct optical observations, #t seems, however, that
under the conditions referred to in this article & was always
in the peighborhood of wnity. The soap contained in the ori-
ginal solution without monomer covers the area A, while

T

.d\empldtfrceliter )t:ondthemranlymh.
Hence the dificrence A.-Mmhmdeupbyﬂt
of the partl:ls.

L

1 - - s 4
Al e
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.

loap, which i bound on tbe lnrfau: emnlsiﬁad

s.
-~ --,._ '-\ -

AA -n-:wrr‘ -.;-1:

-

'I‘bcre afc. however, the d:speued parhclu l.he:mselvu wluch .

fequire o Certsin area oo the surface of the trough, which will

be proportional to their total cross-section nsr®. This will there-

fore make it appear as if that much less soap has been. adsorbed

by the emulsified particles, and we therefore bave to subtract .
it from the right side of equation (D). Heénce one a:rriva at ..

B
-
PR o

‘ ‘JA ﬁn_r"r“&é#l *

Introducing (F) in (E) one ﬁnan, ;rrim.u‘ _

A REEe
which permits the cakulation of the pa.rucle radius irom the
expeﬂma:tally dctenmned value of AA by means of

g s

~

r e 7.5‘(%-:.-1):57

A few remarks may be added for the use of this method.

One requirement for a smooth operation of the hydrophil balance - .
is to make all confining barriers of the spread systems non- =

wettabl

and cfiq@fve agent for this purpose. A solution of this material in

We found that ferric-stearate is a very convenient

benzene was spread on all confining surfaces of the films, and .

the benzeme was allowed to evaporate.
then wiped vigorously with a cloth to remove all excess of
ferric-stearate, and only a very thin layer remained. The
spreading of the pure saap solutions does not offer any difhculties, =~
but the handling of the emulsions requires considerable care.
-Calibrated lengths of capillary tybing were used as micropi-

‘pettes for the measurements of the volumes of the emulsions

to be spread. Oune should not allow the unknown to drop into
the water surface from any height, but place the orifice of
the capillary immediately above the surface of the truy. Even
then it happens that parts of the emaulsion submerge and ‘do

not properly spread on the actual surface. This difficulty occurs -

frequently - if aircady a considerable amount of polymer particles,
the density of which is slightly larger than enity, has been

formed, and if the emmalsion does not contain mainly monomer as it -

does in the initial stages of the polymerization. Such cases
have to be discarded, and avother spreading attempt has to

be made after the trough has been cleaned and refilled. -~ s

‘When 8 monomer emulsion was made np with a given soap

The surfaces were

. e

solution, the initial particle size of it was determined by ob-- -

nining AA from two spreading mcasurements (pure soap solu-

tion and emulsion) carried out immediately one after the other.

The particle sizes of the emulsions withdrawn during the poly-
merization were obtained by determining again AA from twe

spreading measurements, namely from the pure soap solution -

which was used to make up ‘the initia! emulsion and from the
emulsion after polymerization had taken place to a certain extent.

Figure 4 shows four compression curves which have the usual
shape and allow, with a reasonable degree of accuracy, extrapo-
fation of the straight line part down to the abscissae.

Curve
1 represents a soap solution and Jeads, as discussed sbove, to -

a satisfactory valve for the surface tequirement of a single - -

ammonium oleste molecule,” "The other three curves reflect

r . N - . . - s
.. R - - -

st e e e < v a e

.
e

oy

" the bqhavinr of three monostyrene emulsions and show that .
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systems.
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: -smooth COMpression curves can be obtained with such
it may be noted that the linear (bigh pressure) portions -of
«these curves are somewhat steeper than for I
wlone. As this was almost invariably obsery .ith all emul-
‘lions, it seems to be @0 experimental error, but may reflect
he fact that an emnulsion cogtaining particles of .colloidal size
- & somewhat more difficult to compress than a soap solation,
‘iTable 4 shows the figures obtained with these three curves,
. "nd the approximate ‘average particle radii derived from them
.imder the assumption that both a and
.+ Jose to_unity. .In this case the equation reduces to

| gL —

=)

. -

rhere g has to be measured in grams and AA in om® in order

.,:28etr in em. I can be seen that the average particle radii
be expected for a system of

.. fe in the range of microns as is to
.= described properties. -

Taary 4. Aveaacr Pasricry Sizes anp Oreer Caanicrezisrics
or Szveaal Samrizs

= Aveage Panicle Radii Derived According to Kquatios (A)
‘Width of the Trough, 14.0 Centimeters

Length

Length of
of Soap  Ewulsion . .

* Fimin: Fimip Alln AAin ghn - .Carve
o m e co? Gram r . Ro.
348 22.6 2.2 a1 2.23z10-* DAn}0-4 2

.7 -18.7 6.0 84 2.25x10+ 06104 3
4.7 15.7 9.0 126 2.23x10- 042104 L}

‘Using diflerent amounts of soap, as indicated fn Tahle 1
ven emulsions were made up from the same monomer, and
cir initial average particle radii were determined with the
rdrophil balance. The results are given in Table 5, which
5o contains 3 number of other quantities of interest for the
dymezjzation of such emulsions. In the first column there
the oumber of the emulsion’ which corresponds to that of
able 1; ie the second, one finds the amount of soap wsed in
ols. The third column contains the average particle radius,

' 'd the fourth the number of emulsified particles in the system:
* :x Bifth the total surface of the emulsified phase in one em®
" the sixth and seventh columns one finds the amount of saap

. +sorbed on the particle surfaces and the amount of soap which
- still free (assuming that a is in the neighborhood of one).

. can be seen from Table 5 that increase of the ratio soap to
momer leads to more highly dispersed systems, a fact which
-‘well known from literature (11}. This dependence of the
srage particle radivs upon socap concentration is illustrated
Figure 5, where the average radii of the scven emulsions of
ble 5 are plotted versus the 502p concentration; one notes
rery distinct decrease of particle size as the 803p concentration

-

Tamix 5. Dira on Decarasr or Paxticre
Soar Comcaxrmanion

Total Bur-
Number of face of the

Stzz wirs l-u.l.utia

' ’ Moals

toap solution” - -

8 in relation {G) are -

20 \ - 1 -y
: . “\. ! . A ' ' .
R ¥ -
Bv AR
. i ) . o) ;-_.,'
_ ' ) - 7
0s - - L.
_ ) N e .
. i . . . . .. W -

. %.‘0 [ IR 1 L 1 1 e
S Q50 060 .70 080 .09 380 - - - ° [
- "WH,~Dteate in gm. Par 100 mi. Satution .

-Fig. & Iellaesce of Socp Comcentratien en " ' .“" -
the Average Puriicle Sise L Lo
. b :' T,

particles, and the dispersed particles which consist of & solution
of polymer in monomer or of polymer swollen .in monomer.
If one waiches closely the spreading of emulsions, which con-
tain already some polymer, it becomes evident that they are
less homogeneous than the original monomer emulsion,.

In all cases it
the average particle size of the emulsion decreases. Table &
contains a few actually measured figures, 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
be seen that during the inhjbition period the particle radius _
remains comstant (in some instances even increases slightly) :
while it decreases
into polymer sets in
Figures 1 and 6) and
than the initial value,

{comparc the corresponding curves of

Tasts & Aveaacr Parricer Dumerma oy Sawries (Cowrarwiec Yooy
Ms or Moaxowes) Witwomaww raow Ruw No, 3 ar Vanioos
D‘:clm o Conviemion . N

Initial P Acle Radivs Is 2.6 x 10-¢ Cm

was found that, as the polymerization proceeds, = -

sharply as soon a3 conversion of monomer -

finally levels out at a figure much lower -

‘ Farticle Emulsified Emulsified Mols Mol

- ool Soap Radiutin Particles Phase in of Geap of Scap
‘alsions Used emxl0-¢ in System cm* Adsorbed 6til) Free
} eees 5.0x10-2 35 | Liziot 1 5x1p 1.0x10-4 2.9x104
, 3.3210-* 3.2 I.6x)1gu L9x100 1.Ix10-¢ 32510+ .
v . 3.6x10-4 2.6 2.8x101 2.3x100 1.5x10-4 3.4xl0+
. eees 4.0x107 | X 1.2x100 3.6xl00 2.4x10- 3.8x100
Poeee. 4.3x108 14 1.8xj0N 401100 Loxio-4 4.0x104
T aees 46210 08 - 1.0x10v 712104 S.1zt0-4 4.1xj02

«vsr 502102 0.4 axlow L3x100 l.0x1p-2 402104

ach of the emulsions was then polymerized in the presence
.-odiurn perborate (compare Table 1) at 70° C. under moder-
shaking in a number of equal ampules. Al certain instances
-ules were withdrawn, and the sverage particle size of the

., -lsion st that instance was determined by the above method.
I-nust be pointed out that, as the polymerization proceeds, the
- Ision becomes & more and more heterogeneous system,
«the beginning there are only present soap solution and dis-
-ed monomer particles. As the reaction proceeds, however,

'+ has to consider soap solution, monomer particles, polymer

-
[

- A T e, ey e T T
e b .o

“Tirmeof Poly- *  Weight of Poly- Degree of Average

merization in mer Formed in Coavergion . Radius in
Eoors Gramu s % ' Microns
2.0 ... e 27
30 - 0.10 3.1 - 34
4.0 0.16 . 4.9 a4 -
$.0 0.60 R T
$.25 0.9 30.7 e X &
55 1.38 43.7 e
5.5 1.92 - 8.1 - é.! .
6.0 2.58 812 E

-0 3.10 . 974 S04 . e

lnordcrtoﬁndwlwhethcrdlhsharpdncrmedﬂu
average particle size is directly connected with the chemica!
reaction in the system, we have rum
taken from the same mother emulsion with and without catalyst
under otherwise identical conditions, such as scap concetrtration

simultancously samples = -

shaldng, temperature, etc. Em

ulsions from ampules pot con~

taining any catalyst did not
particle radius. - In fact §

show any noticeable change in average
f there ‘were any significant change

- e e e gt i v a2 s L

at all, it indicated » alight increase in particle size, due pre- -
sumably to some agglomeration during the prolonged shaking,
All emulsions, however, in which conversion of mopomer to
polymer took place exhibited a drastic

. H - - - - T -
- ., PR .

R S * v o

drop in the average .
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.
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- (3 4) can be used to suggest qualitatively a mechanism for emul-~

_the beginning.

. -
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. Mg, 8. Decrease of the Avsrage Puﬂﬁ-i‘
o _ Size of Fmulsions during Polymerization .
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particle radius, as indicated in Table 6 and Figure 6. In some
rases the fina! average radius was as small as 500 A (0.03-
micron) although, in general, under the experimental conditions
wsed in this study the final average particle radius was around
0.3-05-micron, and the ratio between initial and fnal radius
about ten. This shows that at the end of the polymerization
" .-one has about a tbousmd t.uncs more parnclcs prcnem than st

If one withdraws from me l»ct of :mpules two tt a certain
totermediate time (e.g, 5% hours) and intermediate com-
version (say 50%), measures the average particle size of one

-

" éamilsian, 4ds an inhit”
another five or six hou: .

E . lddlt)om] conversion tekes phce. -

;"{. h.ndnoaddxuom]ﬂamd:nudrophuheenobsaved,whx.h R
. shows again that particle size decrease is mh.m:tely connected S
= | " with the chemical process of polywmboa, =

_ "‘ "It ‘scems that this experience together . with the expérimental

-,"I' results and ideas of Fryling, Vinograd, and their collaborators” - ..

s e .— .
.! -

#ion polymenuuon which Jocalizes the different elementary cteps, :
such as mitiation, propagation, and termination of the gromng -
chains outside of the lorge particles of the initial monomer =
emulsion.  In the next article we shall try to advance such a 4
" mechanism and discuss it in the light o{ our gcncra! lmowledge

of polymerization processes.” ™ 7.1 e -
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U, 8. 2,163,508 June 20, 1939 H.E. Dittmer (e rom) . .; o
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Mothyl eor oth:l stareh uod as umllifying ngcnt and, nno(mt to

o

polymriution hyrolysing tho ttunh or ltmh ether by the sstion ot

' ' pancreatis, amylopsin, pmnnic -yluo. The stareh is soaverted to . " =

| glucose, or otber derstives which ean bs weshed off with water, T i
i Brazple  (a) ' S T T R
4 gless-lized Jacketed kettle of BO ga} cepsoity provided with stirrer - ...

-‘ 'ud reflux sondenser was sharged with 2§ pl of water and § gal of mr::-‘,:-x;
-  sontaiaing 1§ of bensoyl peroxite and 0.8 of 1f of methyl stareh sontaia- L
. " ing 0.05 methyl groups per GgN)o0p group. Birred at 550 spm at 80° é,"’ N
B ~ 1 hour. The grasular polywer washed with distilled water, - o

-

The powder as molded st 170° and 8000 1 Ant, Disc hasy @us to residual . i

methyl stareh. R e

le 8 (¥) ] _
Same as above dut prior to nnhin; the powder vas snbjoctcd to the . '
ensymatie hydrolysis of 0.02% of pancrestia (buod on polymr) tor 15 Ii.l :

RS "at 40°0, . - .

Molded as sbove; drillisntly slear and Sransparent article., Mash .- T .

- - . -

stronger molded article than'in 3 (8). ’ . : ‘ =1

U S St ol e
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Bxample 1 ; .
" Mizture At  Methyl methacrylste 900 parts
C g # -Terpinec) . s * o
RRR S #0.1¢ alochol® 20 *
Bensoyl peroxide 7.2 ¢ .
, : P

i
3

U. 8. 2,201,595 Bay 21, 1940 . A, Tletcher (4u Pont) RS

0-10 alc (s mold ubrieant) 1s s mixture of ncol.wll trea . .
Ayirogenated esters of cogoanut oil. oo ) RO

Mixture 3:  Distilled water 1,950 parts o
. Disodium acid phosphate .6 * T e
Monosodivm * . 0.4 * IR
Polymethaorylio scid 1.0 * e e
Sodium hydroxide 0.46 * . oL

fhe mixtures of A and B are oombined and .gitatod.npiuy' '
while being beated to & temp of 80°C. Refluxed for about

an hour., Polymer tiny beads.

Example 2 .
Mixture As lethyl methacrylate 1,520 parts
v o ~Terpineol 60 *
’ Bensoyl peroxide is.z2 *
Mixture B3 Distilled water 2,280 . _
*gardinol® 18.78.

%3ardinol® (as emulsjfying agent) is sodiwn salts of
higher fatty sulfate esters.

The mixzture of A and B are sombined and passed through a solloid
mill, to effect emulsification. It is heated t0 76 - 80° until polymerised.
The polymethyl methacrylate is resovered from the szulsion, sad the resia

sompasted into fora suitable for injection molding. - Q
- B PR |
. . C\

Bxszple & - _— o
- ) .- v \ .‘
Mixture At lethyl methacrylate S} RN RS \A_
Terpineol L | -
*Ioral® lluﬂ.m" b . & e
Bensoyl peroxide : | -‘pz N G
' ‘ . PR ST
Mizture By  Distilled water 200 6& Fame
Disodiwn seid phosphats 9 DA I\ L -
Mono - » 0.05 : :
Polywethacrylie soid 0.6
) 1) 0.3

" #Duponol MBE", s eommercisl preparation of sulfated fatty alochols, is slse
_» 1naf _ae _evolsd f_\ri.n_n acent. ) o . __-

o

emt T e b e e, i e gl M - .
— e o M e —y " s R = )
e ok ot | SR SR Y
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U. 8. 2,244,702 June 10, 1941 L. P. Eabbuch (du Poat) = - -

- ' Mixture As Distilled water 3,034 parts
L 1% aq. solution of methyl stareh 166 "

Mixture Bi  80% methyl methacrylate,
: 204 methaorylic soid 1,90 *
ST _ Straight ohain aliphatie tlu(o-ll) 40 " i
- Pensoyl poroxide = . 18,7 %

The oombined 1iquide were Yntroduced into a vessel oqn.ippod nth . nﬂu

sondenser and an anchor agitator and were stirred by the agitator st 850 rpa. ' _

haile deing hested $o the refluxing temp ef 82°C. Afser 30 min of refluxing,

ths monomor was polyurluﬂ to very emell solid glodbules., The liquid is
deoanted, the powder is washed three tiwes in 4istilled water sud dried at

_10° for 20 hours.

The softening point of the molded product inoreases with the insreasing

proportiﬁ of methaorylioc acid.

Example 3
A solution of 475 parts of methyl msthaorylate, 25 parts of methacrylic soid,

and § parts of bensoyl peroxide sdded %o s solution of 1.5 parts of methyl
starsh in 1000 parts of water, at 70°, while etirring. After the addition
of the mixed monomers, the temp of the monomer-water dispersiin was rapidly

{neressed $0 its refluxing temp (82°). The temp rose so 95°C.

The fine white granules whigh were washed thoroughly with water mnd dried

for 16 hours at 80°C.  Tield = 483 parts. e

s

Gomression molding at 170° snd 2000 1b/h’ gave a transparent and tough dise.

-3
-

-
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Poiwt!n.oryuo soid as a granulating sgont'
the granules of polymer mnd tends to impatr
promotes discoloration by heat,

notorgantc' are likely to produce hase,
Eample )

Methyl methasrylate
Benszoyl peroxide
Distilled water
Buffer solution
Polymethaorylic asid

he baffer solution containss

Disodium soid phosphate
Monosodium * »
Balanse: distilled water

$he beansoyl peroxide is
solution is filtered.

4s sabout 7.5

T mixture is heated to 80-82°C in s kettl
_,Polynnriution somleted in about 45 min.

The polymer 1s agitated with & large volume of
hexamethaphosphate (0.5%) at 70° for § minutes,

and é&ried.

Bxsmple 2

¥he f£iltrate from exszple 1 is sbout 360 ml. Bome of this is used as e

granulating ageat in this sxample.

idpthyl mathaorylate
Bensoyl peroxide
Flltrate fron sxsgple 1
Distilled water

Buffer solution

!ho‘oporn'tion is same as in example (1}).

T Ny T 4y o T S =

§. 5. 2,265,242 X. Narks  (du Pont) _
{is in part strongly aduox“
the tran

ey r e e

o0 wpoa <5 %
sparency of the resin, end ... -

Y 4 VT
, 1 " N
$50 L -
.30 ..
3 ~
n P
.09 - “. N

dies0lved in the methyl methacrylate, and the resulting
The polymsthacrylie scid is
and buffer solution is added., The resmlting noljntion is filtered.

dissolved in the water

.ot

o with stirrer and reflux sondenser, i °

aqueous solution of sodium - :‘.';:' ’
The granules are washed

100 g -
1 ‘ _ F—.'._‘: - "
160 m1 : YR _
1% g : _
| W b

il s £ b e TAL e e e




. R Br 457,28¢ o.tza.uu' &u Poat

4 solution propmd of mothyl -thuryhto. ntor. snd mothanol, t.ho proportim
being such as to correspond to cloud point oonditonl.

TS ..a.-.._ P

The prooess is effected im & elosed and stesa Jecketed kettle pnvuol with t'o -
e valved {nlets (3) and (4)}. 1Inlet (3) serves for the imtroduction of monomey v, PR

o froa a stoock tank and the inlet for the introdustion of polynoriutlu l.uu '
(ntor and ale.). )

— e g m = m 2.

- . : S
Exsmple: : '
P Into this vessel h introduced a mizture of 10 parts dy vol lmu. 40 pu-tl CEg0H
b3 . 50 parts of water, . . e

-~

LoEe e

= The mixture is gradually -

! heated to 65°C, with . .
. stirring, samples bough Nonpmer: Ha O CHyoH

A at frequent intervals, : : '

4

£ through the esmpling !
F odtlet (1) to determime J&
[: when separstion of polymer

bas degun. Vhhan sepn. T

19 observed, addition of . l

: - fresh monomer is begun
P and eontipusd thereafter l

Ty

sc &8 %0 maintais the
the mixture in the )
kettle at the eloud point, (4

When sabstantial polymer- =
isation has taken plase

(but still being eapadle of /‘\
being oiroulated), valve (R) :

is partially opened md the
produot withdrewn to filter
(or oentrifuge). The filtrate
is returnsd to the kettle.

Additionsl watar and methanol
are lot in ap reguired,

%

- - The polymer is washed
K with methancl, dried
= for $ hrs. at 20°0 end - o=

Y
3
(l) Q . - .
X :

p 3 hrs. st 120 - 140%, - _
S The granular material san
[ ¥e droken up or powdered, .

(2)

e = 10 i b R Y Lt et A T




e ) 23 TeTtise Baactie-. A ,16387 Yo Isy weg (e . pO-gEB= 3¢ £3 $2,0 Bos

©xd z o; ¥ B . 2,135,257 Oct 11, 1939 B. E. Strain.(du Poat)

!- mple "1- el J1esdew bellizelk nliw besgsw aow I8, oo qaliiey om“

s .'. RS 12

862 parts of o 54 aq. solution of water oolnbh polymthaoryhnido wore frul-

.,4-5. .

‘. SLA from suspended insoluble matter by oontrimgug and were then dilntod with . .
‘ . 8000 parts of water. ZThis solution wes added $o Z2Y0 parts of mth:l- mths--

orylate monomer eontaining 22,7 parts of beasoyl peroxide, and the mixture

was placed in sn enameled cast iron jJaoketed v,ln_l gitted with reflux - ~

eondenser and & mechanioal stirrer with & water seal. Heated to 80°C.

When the bulk of the reastion had Saken place, the vessel was heated through
s stemn jacket and the temp of the reaction raised to 90° to complete the
' 3\

reagtion.

The solid product is separated by decsntation and eentrifuging, and Gried st
90°0, giving s white sani-like powder, wiich upon molding at 160-180° asd

SO 4000 1 An%, gives & produst of high etrength.

Example 4.
One volums of methyl methasrylate and £ volumes of 28-29% aqua NEj was allowed

$5 gtand wWth periodic sbaking for 2-5 dags at room temporsture. This was
aistilled to half the volwse st 100-125 mm. ¥ater distilled off was replaced
by 4istilled water, and pH lowered to 5.0 dy giacial acetic s0id. %The solutica

then was placed in an oven at $0°C for 3-5 days. A thick gel-1BE® resin

Temlted,

Zxample §
A A glase-1ined Jacketed kettle of 80 gsl oapacity provided with a stirrer and

' & reflux oondenser was oharged with 25 gal of water and § gal of oethyl

RS __,__,,___ntthurrhto oontnlning 1} of ‘bonsoy1 porozid. snd 0.8 of 1$ of the go1-1m y

A bk e g P iy ey Sy o —— - e e "'""‘W"r'ir"r‘v‘r‘":‘_’-' g




" 200 parts of & colloidal naponlion of aluninin hydroxido oont
Al203 inr liter s heated %o "°0. A -iztu'o of 40 parts of mth.yl nthao;:hto
~ with 60 parts of bytyl acrylate eontaining O.ﬁ of bon:oy1 poroxuo u uuu ‘: I;‘ '
slowly while stirring. e T e ZLE
‘ The polymerisation is complete dfter
- " gorm of glass-clear beads -hich. may o feed of sny
by washing with ntcr..
A Pine powders of wmethyl l'-tmryhto. tale (55). bariun nlfsto. ﬂmm ma. =
and ferrio oxide may also be used, S o * 07 '
i she size of granules depends an the rate of sadition of tho mer tumu
4 br), sad oo the powder used in dispersion. - ek
e Lo : "
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