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NOTICE

THE BEST COPIES OBTAINABLE ARE
INCLUDED IN THE REPRODUCTION
OF THE FILE. PAGES INCLUDED
THAT ARE BLURRED, LIGHT OR
OTHERWISE DIFFICULT TO READ
ARE THE RESULT OF THE CONDITION
AND OR COLOR OF THE ORIGINALS
PROVIDED. THESE ARE THE BEST
COPIES AVAILABLE.
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BULEY EXKHIBIT
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Date recsivea 11/1£/50

ADEATAL BROTIHIAN

1005-5950688-18
{Title of case)

Submitted by Special Agont JONN M, COLLTNS :
Scurce freom which obiained Phila, Offjce- FBI Lo
3
Address Fﬂw&
; Fir
Purpose for which acquired TV STIGATION E&g&
Locetion of bulky exhibit I CABIW-T T7d yilh
Estimated date of disposition Ty BN Il LTOCOUNLISION oF o gAlw
XL MATY 1T
Ultimate dispoziticn to be made of exhibit e

List of contents:

100, Fifteen envelopss coubaining miscellansus popers end olue orints
founy durins o senrch of Gold'c nome vy AL Fro

b9

4 C. Birkley of
the Fhila. W lice. '

, - (57 i
‘ | S20- 9506818 o
SR ‘ o

Son
L -
NV | S

sl N
i CER

_,/}w”

g AE— - = BEENRES Ty e ey .—w,.n, tira e e - Te T By
?'H“i"’*"""’* “‘";"*Még":if": Wi, T o, e~ i, ‘argrh S ‘ g, e ,,.,'1“"' ”«:r 4

*“*qt'nﬁ Ny fﬁ% A e TR “#%JQT; ¢ e i A%"+<¢*
i, s - fﬂ e el U iy i ‘,,,M\f_,‘,d »%:.;,* t"’ o e S {., v T
W ) -r‘ e ks z a '\* 3 e R ol i "“"-‘ '&___‘ r‘ﬁr"ﬁ-’-"'_ Wl »d‘ﬁw e | T
‘ . ).. . e-"’*‘f‘f‘“ f;,'-,uwr.-m:-@ .‘.,,-”;.. ,e\m o SR e

- :



¢ ®

Ao 9T PR T £ lmen fers
PEN W [FRAR DJ.L_- a0 *-"/2.)//‘-)
rs -~ ke 7ol R Ky BRI S hle B bt -

oA e LGOUNT UILEALy Jhla

JLS RIS C’O.Ltj' Wale
EGPIOIAGE ~ 0

D
N e
-

LLIETNIR 0. G 30 Tl (29-10)

1oy

n G/15/50, GO0 advised Hnb the nxe anvearing on this card ws JIN ’fa LISy
of (O .x..:mdon Awvorme, 1iles, Ohic. OCLD advz. sed that MOMTLIND attended Zavior
University in Cincinmatl viile COLD wms in attondance thoro, ~nd thot I.ic‘. AR
playcd on the avicr Universllyy footbadl dtome o was rob in the sasc ¢loss
ags GULD but was behind hin in school. GGi0 could nob reeadl vhon be jobted
thids nane domy b obatad thet NETTLLEN Led no csaonetion Wantover with GOLItg
esplonage activition,

domover, on Ve roverco cide of wils mr’ oo ~c.*“ Suwan nobtationg vitleh UULl :3:;:1;:::.1
wera in ldo handaritdng ond sihided pestcda Rt o egplonape aclivity. OLD ol
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him instructicons upon GOLIs first contenplatod cwdbact witly SIOTEAL an /29 :,1.
QOLD stated that tio onbire n 35280, Without abb*'avmviow, should roeads  #lealyy
10 pems, rortls side of 27W Sireol botvreoen Ctu and 7th VOGS, neaver Tith ‘mxmc.
145 car (A’*Lx A “‘"J”IZLQ!'.,.) reuld be a dari pyoy Toabise sodan beoring o
220008 COLD g 1o cive the operding pascords arn "Give regards fron (1L
and ask him a.‘:{.::t nig - "Jma,, i.u.iI, and his. solry Arhe’ 3210 staled ho conld
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SAC 6/27/56

SA T. SCOTT MILLER, JR.

HARRY GOLD, WAS.
ESPIONAGE - R

L
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65~4307-1~B-12 (4} ~ Folder #16

MATERIAL FOUND IN A WOODEN BOX IN THE
BASEMENT OF GOLDYS HOME

This exhibit was shown to GOLD on 6/24/50 and consists of a manila
folder containing three sheets of 8% x 11% white paper with hand~
writing thereon and two additional blank sheeis of paper.

GOLD jdentified this as being in his handwriting and stated that

. the material was concerned with operating dats on a magnesium powdsr
plant. He said that this material had beea given to him verbally
by BROTHMAN in about the spring of 1943 for submission to the Soviet
Union.
GOLD stated that the material had not been turned over to the Soviets
because they were not interested in anything which was BROTHMAN's own
design. '
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Sh Te SCOTT BILLME, Jh.

HARRY GOLD, WAS. Loe-
ESPIONAGE ~ R A
e

65l 3071 ~B=12 {3)

LOO6E 2AGES OF MISCELLATOCUS PAPELS FORID
14 AQODEN BOA XU DASFMENT OF GULDIS HOME

The sbove cxhibit was showm to GOLD en 6/24/50 at which time he ex~
tracted various items which he stated dealt with the espionsge ace-
tivity of ra;m:nw: and himself. These items ~re ldentified as follows:

(1) 21 pogas of hmehwiﬁrn nobes ond henddroom i_mreﬂ on legal
size yellow papor whileh was adudttzdlsy in GOLDYs handwritine.
GOLY advlsed tual this malerial was consorned Lq.hh mixing
eguipmont and that tho materizl wos verbally given to him by
BROTHMAN for sulimission to the Soviet Union, probzbly some-
time around July of 1942, GOLL stated he thought that tals
material was derie on a Sundsy morning in the offices of the
Cherurgy Design Corporations

{2) 48" 1% rulsd yellowr paper with the nwroer 3 in the upper
right nond cornor ol nobtstions heginaing 2. According Lo
‘ Trink « « « ¥ GOLD sadd thet this matorisl woas in BROTHMAN?S

z_.w“ handwrriting and rafers to the magnesium powder, and that this
LL L material had boon given to GOLD by FOTHWE for submission 1o

the Soviet Union but GOLD did not turn such materisl over because
the Soviets were not intercsted in il.

N {32_ At 8" x 11Y plece of ruled yellow papsr envitled YNotes on
i~ gw.,[v Computailons®s 3OLD stated this was In his hondwriting ond
: refors to the magnesium powdor rud should go sdth 2 above.

{4) Four shests of uaruled uvhite papor baaring the nur”ber...p 15, 17,
18, end 19 in the upper right houd coruers, GOLD stotald Lozt
;_.‘f thils wes An hle handwediings and the o a:,erirl refors to tue
‘x“""’“\’ Huna & Process. GOl stabed thsb the eneircled numbers en the
d left hood side of the first tws pozges mi‘nx 0 the body of the

1 J’?L?/MM ru+¢wg‘wﬂwm“‘mc"“p@?‘;
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MEMORANDIDS s SAD

Buna 8 report~—probably the preliminery report, G0LL statod that
thls matericl ias given to GOLD by BIGTIPIL for sulmission 4o the
Sovieta about February, 1942, GOLD stoted thal these notea eps
obviously explanations to & report previously given.

(5) & sheet of white 8% x 11% paper with the numerel 7 on top, and
containing typewriting and handwritine, GOLD stated that this
page contains hias handwriting and that the material rofers +o
middng equipment, GOLD sald that this wns Elven to him by
BROTHNAR for transnission 1o the Soviets and thst he thought this
material was typed in the offices of the Chorurey Dasign Corporoticn,
GOLD wtated that he 5ol & more complate report later from BROTHMAN
on the nixing eynipment during the late Swrmer or early fall of 1942,

GOLD went through the remainder of the material in this folder and :
stated that it contained tuloring neles, notes and work at the Penn~
sylvania Sugar Company, drafis of lettors {9 be used by GCLD and M, =, !

DOUGHERTY when they were considering doing vitamin assay work, and
mothods of vitomin 2654y 3.

Algo contained in this foldey Was & letier Cated 12/1/42 to Mr. AL
BIOTHHAN, 420 Lexington Avenue, Hess Tark, Ne Yo which waa unoignad.
COLD identified this letter as dealing with the process of nickel ro-
eovery which was legitimate work he wos doing for BRCTIMAN at that
time and for which he g0t padd. He said this hed nothing to do with
the Soviets, :

ERRRHT L

AL80 contained axong these papers was a 12 Page document entitled

WA Vitamin Assay Laborstory®, GOLD advisod that this doocurent was
drawt up by GOLD anc DOUGHERTY when they were secking a loan from the
Corn Fxchonge Bank in Philadelphia, Pa. in the crount of 13,400, wlth
which they were going to start their Vitarin A%ge, business, GULD

seld that thie attempt to gocure a loun Trom the Corn ¥xchange was
unsuccessful. GOLD pointed b tnat there wore Sour peeple interested
in the proposed company. Gbher than BOUSHEIY erd GOLD, the individunls
were DRa FRaNCE3 EDEI, and UTTO . SIE3RIIT.

GOLD 52id that DR, £LL Won & wainan who worked at National ¢il Producte
Corporetion (NOFSO) and wiie hed been introduced Yo GOLU and BOUnHInTY

by THUMAD L. DLACE. The ¢ther individuel, OTv0 i, SIEBERT, was a pariner
in the firm TIRRY & SIE3KAT which was an established cherdesl laboratery.
and which name the company was going to use on their letterhoad in
attempting to secure business in the vitazin assoy field.
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MEXORANDUE, SAC

GOLD stated Hat it was proba Whly late 1941 or January of 1942 that they
were attempling to sasure Lae money to start the laboratory,

Also contained among theso papers wore various nsyspanae ¢linpings
which referred to viteumin data,
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2..for the flange load Hy .
({,!SO}(:.JL.{‘): s§o6a A
3. for the flange load Hg
(,1,-70 ¢ )(o-215) =
The total moment acting the flange would be

‘,5-', goG

! $, §vo

Sy, 7o 0 Ut
"*N-—L————-—-‘ - -
‘lo,lDD —L—-v\.C—-‘\

while the unit moment would be
Y g, f00 = 2920 i =
)
where 24" is the inside dismeter of the flange .

's’_s—oo m

For a ratio of flange O0.D. to flange I.D. of
T8-¥TS
g A

= 117
the Taylor~Waters factor would be 12.0

and the minimuwn flange thicknesi required

[l G T8 e

19,000

Assuming equal distribution of the flange moment, taking the Code
Approved stress for an ASTM forged steel material (AST™M-181) to be
14,000 psi, the Taylor-Waters factor as above, and the unit moment

in the flange as calculated atove. The correction factor for

uneven distribution of flange moment may be estimated by the equation

(e )t () v o BT

y B S (l-S‘-rt-S’?J = (04 3

where k is the distance Letweea bolts, z the diameter of the bolts used
and t the thickness of flange as arrived at above. The final adopted

glange thickness was then taken to be g o
. "
(r53) (row) = th6v” 3

Proceeding to the design of the agitator assembly,actually used in
view of conservative design stress for flange, it was decided to use
an assembly consisting of two turtines for the followin% reasons.

In norgal practice for vessels whose diameters exceed 30" or whose
holding capacities exceed 200-gallons, the diameter of turbine rotors
used runs from 1/3 to 1/4 the diameter of the containing vessel. In
order to reduce the angular velocity of the agitator shaft to a
minimum, the upper part of the roter diameter-to-kettle diameter
range was employed, and hence a

316 = ;2_" d.g,a_—,_mg_tﬂ.& A.a-to—-"q_,
3
was nominated. In order to confine the turbine rotor speed below

- AL T TR AR Ty ar S ae, £ e g e T R T T T s T TV TR TR T ue e AT AR 1 e
‘u-"q‘ ey e R e e B W e, . P A _.""—.!. e R, = e F TR -__» w‘,_.,s. % _!_E;.r..,m '?“,';H._,:"‘.‘
., Fa e - A . e .

e i R




. . / /{;{.;.
. . é- -y
PENWISYLVANIA SUGAR WDMPANY A
INTER-OFFICE CORRESPOMNDENCE
October 20, 1996,
¥r. We. H. HooMless, Vice-Presidont
Refinexy. :
ﬁar Sir:
The rosulta of annlysis of the syrups sulmitted on Cetober
_'14, 1958 are as followss
_ enn ¥sr Colden - Duffta New {rleouns
Analynias Syrup « at Z7¢ 1lh. Yolasses nt
' Suzar t1e79 per ol
% Solids 784 79.20
% SwToB0 3B.26 44,60
4 Invert U760 18,73
% Combined Sugars 73,90 63,30
% Ash 0.45 5450
- pH Ba42 6.18
Yory tialy yours,
HGi1CH Chemicsl Depariient
CCt DR. G. T. REICH
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Form#6

Local Mushr‘m .

Dear Sir;
With all the stress now being placed upon
the role of vitamins in national nutrition,don8t you
fepl that the mushroom hags been left out of the plcture?
‘e are prepared to conduct a very through
gsurvey of your procesg,which may reveal some
very valuable information,as we speciallze in
the latest microbliological technic,
May we have a member of our staflf call

up~n you to talk over this problem ?




Form#F

Speclal frof.sional . ;

Dear Dr....lﬁit“‘\l OOOOO LI
We thought that you might ltke to know that we are

now gst up to run Thiamin assays according to the method

of..!!."‘.ll.ll!..".l'l'...l-...!-| llllllllll LI B B L ]

If you have an occaslonal sample which you would
Like to have checked with thils method pleasa feel fres to
call upon us. £»eeunﬂeﬂ§§6%erérhere will be no charge .

Very truly yours




Form #5 . : - | . /i

Professional

You no doubt have felt the need for rapid
methods of aséay for members of the B complex,which
would atill retain the value of biological methods.

Ye feel thabt the microbiological methods
of Snell,Strong,Fry e........ and other workers in
this f&&ld answer this problem. We are now makkeing
agssays using these methods,ard&x checking biological
regults within the limit of error inheraent in the rat and
and chick assays.

The rapidity with which these assays may
be made make them partlculiarly valaable in checking
the effect of various mxmfzx processes upon the vitamin
content of foodstuff.’

At any time you feel that you could use our
services,please call upon us.we will be happy to

cooperate wilh you.

Very truly yours

C.H.SEibert

P i
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pl The stress now placed upon the role of vitamins
in National Nutrition makes it very important for the candy
manufacturer to consider this question.
p2 More and more manufacturers are turning to fortifying
their products with vitamins. One serious obstacle to this
fortification was the need for rapid agssay methods. With
biological methods weeks were nmeded:. for complete results,
8o that when the assay was filnaly completed its value asg a
process control was lost.
P> We are prepared to give rapid accurate assays
using microbioclogical technic which has proven very succesful,
particullarly with dark colored samples which have proven

difflcult with optical methods.

ph May we assist you with your vitamin problem ?

F;
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Aying Maclnie Lo.2 / : ;
i

£\
s

"' | "’ ly

The stre8s now placed upon the role of vitamins
in National Nutrition makes it very important to consider
vhis questlon when drying foodstuffs.

The prospective purchaser of your equiptment 1is
almoat, certain to inquire as to the possiple effects of

your method of drying,upon the vitamin content of hils product,

Can you answer- this question quickly?

Vle are prepared to give rapid accurate assays
using microbiological techntc which has proven very succesful
particullarly with dark colored or turpid samples which have
proven difficult with optical methods.

May we assist you with your vitamin problems?

e



sohds X

Yeast Coe8 . . !- ['b.\,-,\‘

November 8, 1941
Red Star Yeast & Products Co.,
3915 Wlssahicllon Avenue,
Philadelphlia, Pennaylvania.
Gentlemen:
L. The need for fast, occurate assay results hasg long been
recognlzed as a scrious bottle-neck in the industrial epplication
of vitamin control, fortification or extraction.
f2‘ Users of yeast today are extremely anxious for imme-
diate answers to questions about vitamin content of your products.
Frequently, the ability to sup-ly these ansvers means the
difference between winning or losing a contract.
3 e are equipped to supply immedizte enalyslis of all
vitamins using the most modern methods which have been found to
check very favorably vith the time consuning biologlical assays.
May we assist you with yowr vitamin problems?

Very truly yours,

A —— TS L TR T 0TI




Form #4 o e
General . :

Dear Sir;

I mustn®t shout because Terry insists thnat
it's bad form,but have you ever thougnt how extraorinarily
difficult it is to compose a letter‘Wnicn conveys now good
you are without being irritatingly blatant ?

We for ingtance,realy feel that weteqﬁipted ﬂ“'
to give very rapild results on the B complex ﬁsing the )
microbiological technic which has reduced the time element
Lo a matter of days as compared with the weelks necessary
for the biological methods.

We do certainly take pride in the exceptionaly
accurate assays we have made on dark colored samples
which had proven émost Impossible with fluorometric methods,
but 1t would never do for us to 8plash letters about saying
We were better than ény one elase.

After all we may only bae imagining it,...But
May we help you with your vitamin problem ?

Very Truly Yours

O.H. Selbert
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December 1, 1942.

Mr. A. Brothman,
420 Lexington Avenue,
New York, N.Y.

Dear 2ir: He: Treatment and analysis of spent Ni catalyst

Following is sn outline of results and calculations on the zbove problem:
Semple #1. Original

2 gms + 36 ml. of-aqua regla digested for three hours on
water bath and Tinally boiled for fifteen minutes over a direct fluame.

16,1807 gma. cruc. not.
15,9081 " " #5
0.2826 gma. ppt.
Calculation
0.28256 x 0.2031 x 25 x 100 T 28.8%

2,0000

Sample 2.
4 gus. + 80 ml. of 15% Hy80, ( 1.09 C.P. Tr. 12° Be*)

: o
Digested for 1 hour in water bath st B3-84 C with seration.

16.4604 gms, cruc. vpt.
16,1354 v 0" #1
0.3240 gms. pph.
Calculation
250
0.5240 x 0.2031  x J5 x 100 = 27.5h Ni
4.0000

Sample #3.

4 gms. + 10 ml. of 10% NaOH, and then 90 mi. of 13% ngso4
Digested for 1 hour in water bath at 83-84°C with aeration.

16,0052 gms. crtc., pot.
15.6804 gms. cruc. #2
0.3243 gms, ppt.

RTINS NS S, T e DT T TR TR 0 T Tl P st B
e rep——
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A, Brothman -2 - Dec, 1, 1942,

9_@1 c_:ulatig*l}
250
‘ 0.3243 x 0.2031 x 1€ x 100 = 27.5% Ki
4.0000
Sample #4.

‘4 gms. + 10 ml, 10% NaOH, and then 90 ml. of 1%% H,80, : 0,04
gm. of Fe 013

Dipgested for 1 hour in water bath at 83—8400 with seration
15.7567 gms. cruc. opt.

15,4253 2" "
0.5314 gms. pobe

Caleulation

| 0.3314 x 0.2031 x 15° x 100 = 28.,1%
4.0000

‘ {a) The recovery in Ssamples 2 and 3 is 95.5% snd in the case of Sample
4 it 18 97.6%9.

} {b) Because of the limitation of time on the above work - there would
seem to be meny anpgles on “recovery efficiency” which may bear fur-
ther investigrtion,
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PIHIA,

TUESDAY, DECEMBER m_m4é

a,
 the Institute asked of ‘housewiscs -

vitamin B-1, or thzamm, is the one
which the public has heard most
about in recent months. Isolated in
large ylelds by Dr, Rabert BE. Wil-

liams, chemical director of Bell
Telephone Laboratories, B-1 pre-
vents the disease Dberiberi, helps

‘check loss of appetite, excessive fa-
results show clearly that tx«ue. nervousness and CO"lStlpa-

e

hon LY

It is found chiefly in Jean po
whole grain cereals and hre
beans, peas, lentils, kidneys, eg
liver, bran, wheat germ and yeast.

HASH MARES

Service stripes are known as ha
marks in the Navy.

1 . ~ Y
B-1TS BEST KNOWN |5
iy “Can you explain the difference
between a vitamin and a calorie?”
AMDNﬁ VITAMINS . 16% made it plain that they
. understoed the differ-
ence
Survey Shows only 25% | s4% could not indicate the
. . . difference
Think their use is The
- - TR Sepv———
a Passing Fad f
. j
By GEORGE GALLUP |
(Director, American. Institute of >— — —————— ... - -
Public Opinion) f:—‘ ; .
Princeton, Dec. 8—0Cne of thex™. " - s

nnst impartant developments in the’

‘eld of nutrition and dictary educa-[_ N

‘on has been ithe attention paid to

+amins and calories—particularly!

«{amins, which have been given an-:
normous amount of publicity in
‘1. last decade. !
The American Institute of Pub-]:

ic Opinion has undertaken a na-*+
snwide survey to measure the ex-?
~nt to which information about

‘ilamins has penetrated the publiec®,"

«nd, and to determine how many

cople regard vitaming as nothing" ; S

wre than a passing Yad. : i
The results indicate that the ma-;
arity have heard about variqus pe-,
”Jc vitamins, particularly vitamin'
1 in recent months, and that a
msiantial number can name foods’
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«h in any given vitamin. - House- =
-es are, however, hard put to de- .

ne a vitamin or 10 explain the dif- 1»-
rence between a vitamin and a ?-,5_« o

‘lorie.

o

ampaign Galning

Only a small minority of the popu-
Jdon believe that vitamins are a

assing fad--evidence that the edu-f*r

ational campaign eof health au-!
~orities corncerning vitamins has;F
.ccessfully penetrated the thinking:
f the majority of Americans. '
The survey asked a series of ques-
‘ons as follows:

“Is there zny ane vitamin which
ou have heard a lot about in re-
:nt months "

Vitamin A .............. 7 :
Vitamin B-1 (B and B-2)., 42 i
Vitamin C ....ihinenna.. 2 ;
Vitamin I ...... s 7
Other vilamins ......,... 2 ;
}ave not heard about any .
one vitamin m recent £
months ... ..vaneiatn 46

-

"Some persons named more than p
« vitamin; hence the above totals

ore than 100%.]

Approximately  two-thirds  of
wse who were familiar with the
arious vitamins correctly named
1 or more foods containing those {
amins,

elief in Importance

o determine people's belief in |

¢ wjf{amin theery and its impor- by
ace, the survey next asked the | :

‘testions
‘Are vitamins & passing fad?”
The results follow:
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Continued From Page One

t
W other suthorities. Enthusiasm ;md
- interest then reached a new high, |
4 but no effective machinary for,
| practical action was set up a.nc! '
1 food manufacturers now realize
that the job is up to them. And
the government has told them #o. |,
«y am perfectly frank in say- i
1ing” one government official de-j,
clared recently, “that if you food)j” =7

*.7 er for education would far surpass
any power of any government
lageney to promote the good cause

7 of nutrition. We can only‘preach;
you can put theory into daily prac-
tice.”

Attempts to do so have already |
been made, af course, and the bread |
industry has attempted to meet t‘he i

4need through featuring vitamin-Ji

el enriched

bread, nm.nu!.acturx‘arsE
%y pointed out. The apathy with |5
e which its efforts were received by |53
5 the public, however, indicated thej, ..
il nocd for mn educational job. Indi-
.9 vidual food manufacturers, mean-

' while, have been identifying thleir i
| products with vitamins, but with
| such indifferent results that they|[!
! nave become convinced of the need |,
. of a coordinated effort. f

Paul S. Willis, president of the
A. . M. A, group and spokesman

= forits food manufactuver members, |
m”-; concedes that the “job of nutrition
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'Féo% ‘Maker :

' Demand for

A/ nite to Promote

Vitamin Products

Lost to the Drug

Nutrition Program Aims to Regain Business

‘Drive With U. S. Agencies Planned  #*
. o n é“ I

r‘

Field—Educational |

3
A

By GEORGE

Determined to wrest back from
the drug trade the lucrative busi-
ness in vitaming, food wmanufac-
turers were reported yesterday to
have set in motion positive steps
to increase consumer demand for
nutritional foods through greater
| cooperation wit one another and
with government agencies. While
! details of the plan have not been
worked out, some of the broad prin-~
1 ciples have been established and
a major point is the insistence
Jthat, while the program should be

a long-term oue, it must begin at
once.

amem-—m Representalives of food manu-

‘”5 facturers have already begun a se-
| ries of private conferences with
Jgovernment agencies, at which
broad outlines of an educational
{plan have heen discussed. It is
i fairly well established that neither
the government nor the food men
| want to see a “high-pressure” cam-
paign, but rather are aiming at
coordination of advertising cam-

paigns along lines primarily de-
signed, first, “to educate the indus-

3 promotion has to be done by thel .7 - iiry itself” and, second, to cut
4 food manufacturer.” d . vl dhrough the mass of confusing ad-
R “A lot needs to be done in ac- |pweemsm——m . ) that

¥ quainting the public in what many | N vertising - statements that have

% o5 vitaming, minerals and the oth- i
. ers, mean to thera in terms of jt
- 1health,” he said recently, “We al-
waya had spinach, but it wasn't
unlil ‘Popeye’ came along that
. people began to eat it In large
:quantities. We've got to tell the
public what these things mean to
them in terms they can under- |,
gtand.” i
" That is what the food manufac-
 turers have now decided to do. i

€
of the discoveries in nutrition, such E F
L
t

i been made about vitamins.

"} ment agencies in preparation of a
temaster sheet” of simple defini-
| tions of the various vitamins, the
qualities they pogsess and their
uses. This would be used to guide
the prenaration of advertising copy

. One possibility under discussion '
Jwas that food men assist govern-

to aveid public misconceptions,
{ which are said to have heen large-

VT

H

A. MOONEY N

ly responsidle for diversion of vita-
min business {0 the drug trades
from the food field.

A case in point was use of the
term  “nicotimic acid,” which is
commonly misunderstood because
of iis unpleasant connotation due :
to association of nicotine with to- |
bacco. The vitamin, part of the
B complex group, might be called i
the “anti-pellagra” food, and is{
found in milk, lean meat, eggs, |
green vegetables and some fruite,

That nutrition is of considereble
public interest and a fallow field|
for the food industry is evident tol
nost manufacturers, it was said.
The Federal Government as long
ago as March 5 called a2 National
Nutrition Couference, the industry
itself has undertaken sporadic cam-
paigns  to popularize nutritive
values. Practical results in terms
of Teal public understanding, how- |
ever, have been small. Yet Gov-|
ernor Lehman’s recent designation |;
of the period Nov, 20 to 27 as Nu-
trition Week calls affention to the
reality of that interest, it was
pointed out.

Under the Selective Service ex-
aminations it was discovered that
50 per cent of the men called had
to be rejected because of mental
and physical defects, a large part
of which were the result of malnu-
trition. The condition was drania-{
tized by the President’s calling of |/
the special nutrition conference
which was attended by leading
educaters, scientists, health and

TR T

-

Continued on Page Six 7

Y4

:

rm———

R

' = .‘.:w‘;g,‘..drﬁ‘.’ il
. Lt

o P Tt =T W L S Sy &
v L"'%u‘nq. R ol R AL S -
L - -*"'E,w ﬂ'wq_:._ - '.fi.-r-:‘.v?.-; B e

¥ T e B A o R L oy -
"""'5- = . _W_E,,n-g‘:—;‘-:-.{n

- e

L T Tt TR = P T T e vy
Ry e e e TR AN T D
[y AP AT e e o paaad N i e L R
e B el o R T e o T T L men
o ‘.-".‘:f", * i "t’“..‘\}: R e _:\"_; __,t'_,'l‘“-\:,’_
a Shs: E N

Tl

.



T P, LW
PRk e P

r . T T T T R o
. ot
=] b St ety

: ‘c? ‘{;f'_ azv " AL :;" ;_g.-fn - \
% W e A PEE e 2 : L N T R ¥ G T LN T s B N
e il R G M LR N e Ay A Lt M P I . X I M}“-,_H‘_d_."‘ N i -+

o

3 N 53 _‘A-‘ . . e -
S S DR e T

) :
J; v / ‘ ! |
I . - .

| / ' S ! N S P /( e (( -
N - .

. b
. / / -,

Sy ’ . . “ ‘ ff s P

< Ny ¢ ' {" “ . . ——/—; ¥

; L .21 {'g‘-vl L=

f h - j H
.= » Ty . ‘

. - . Ve . ”
N v "L’(I’;a.“,,._‘}/
[N ‘ rd ' - . ' :t_.“. i . lh
s \ 7 : 7/
’ V! . ,/" P B
' . ? i E s £
. oy L 7 //,. A f i l;( e E

/‘ oo o ' F"

+




April 3, 1%42.

. Webb:

In addition o the enclesed rat assay method for vitamin By
vou mipght sugpest the following:

(1)

(3)

(4}

EC:om

J. V. Scudi; On The Colorimetric betermination Of Viitemin
By (d. Biol. Chem. 138: 707-720, June 1641)

0. D. Bird, J. L. Vandenbelt, and £. D. Lamett; fAdaptation
Of The Scudi Colorimetrie le-thod Yor Syridoxine.
(J. Bicl, Chem. Y42: 217-322, dJan. 1942)

These two are excellent chemical mnthods if one has a
photoelectric photeoneter.

The University of Texas Fublieation 74137, Oct. 1, 1941:
Studies on the Viiamin Content of Tissue - I.

Assay Method for Pyridoxine, p. 24 (A microbiclopgical wmethod).
University of Texas is at Austin, Texas.

Mo Tandy & D. I, Tickens A idercbioclogical Assay licthod for

six R Vilam'ns Using Lactobacillus Casei and a Nedium of
tssentinrlly Knowm Composition.

Sent to publishers Feb. 27, 1942 by Dr. landy {rom Research
Isborniories of' 5. M. A. Corp., Chagrin TFalls, Ohioc.

We have 2 pre~print, and the method developed seems to be

excellent. This will avpeer shortly in The Journal of

Cliniesl and Pathological dedicine.

K. Cartwright
Research laboratory




PYRIDOXIRE ASSAY THOD
(fnheuser-Busch Tesearch Lab.)

The modified lalliday Nvans method for the determiuvstion of pyridoxine
(Bg) is carried out in our laloratories as ifcllows:

Femnle weanlin, rats bLetween 186-23 days old and veipling 40-45 granms
are ploced on a diet comsisting of 734 beet sugar, 185 casein (Labeo),
5% butter fat, 4% selt mix 71 (sorck), and 2,5 cod liver oil. They
immedintely receive the following daily supplenents: thismin hydro-
chloride -~ 25 microgr=s; riboflevin - 20 microprams; caleium panto-
Lhenate ~ 200 nieroprime; rdieotinic scid - 300 nicrogr-us; cloline
chloride « 5 williprans, and inositol - 5 millisrams.

On this req ime tvwicul acrotynis synpbous ol pyrice~ine delicicncy
develop within cight weeks. Qur standard reuuires that nt least Ffour
of the seven possille sites of severe lesions be jwwolvnd belore the
animal ¢ Le considered ready for assay purposcs. tege sites are
each Torefoot, hindfozt, enr and the Area alLout the rose. The aunimals
should nlso show a plateauiny in weiglt pair or o sracual loss in
wel .t as the symptoms Lepin to anpear.

“hen the aninels fre denleted theyv are divided irto ; roups of eipht

Tor assay purposes. Yo two libher-mates are over included in any one
aroup.  Une groun of lour animels is mnintaineu or the bssal deplebion
roline as neoprotive conlroels, a seeond Wﬂoun al ¢i=Vt 318 ~iver 10 micro-
erams ol erystalline pyridoxine hvdrocilorice deily as positive conirols.
The balonce of the proups are used for assay »urnoses ond are supnlied
with tiat samount of material bein; Tested vhich is ealeulated to Tar -
nish a d2ily supplement of 10 nmicroorams of pyridonine.

Since this ic a curative method of assay each aninal iz scored as to
the number aud intensity of the lesions as well a5 to ils weipht. hen
proups are msde up It is desirable to keep the number and intensity

of the lesions ns meorly constanbt as possible in a1l croups. The
averspe vieipht stould nlso be kept fairly coustant.

The devleted aninals are very susceptible %o 2 nwaber of recurrert jn-
fections and a wei;bt record is kept to indicntbte freedom {row such
infections. Then tle animals are properly supnlenented nue free of
infections trey will resnond With remissien of symptems and gain in
welight over the Ffour week assay period. Inilure vo ;sin weight indi-
cates an infection vut uSuall{ does not inberfere with the remission
of acrodynia symntoms, which is the real test of prridoxine content.

Ieterials contnining larpe anounts of unsaturated fatty necids cannot
be successiully assayed by this ncbhed, for several fatsy acids cause
a2 remicsion of the symoboms for a pericd longer than that ussd for
the biolopical assay.
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Pyridexine fssay Uethod Prre 2

The modifications included in this assay technicoue include;

(1) Substitutlon of beel sugar for cene susar which was shown
by Bender & Suplee, J. Hutrition 20, leb. 1340, to contuin appreciable
amounts of pyridexine. ‘fe conflirmed this in our Iahoratories.

(2) ‘e found it very Girficult to free the so-called {iltrate
factor of pyridorine and successfully substituted culeium U&Ftotk?ﬂluu
for filtrate factor.

(3) here is
ceive 21l ol the esa
included choline znd ir
vitamins Of the 3Z-comple

no preliminary derletion pericd and the animals re-
ientisl Iactors except 3 from weaning on. Ve have
108 JbOJ in addition to the four synthetic

(£} Hicotinie acid promotes ear involwvement.

The literature referconces concerning this metlod and the rnodifications,

are as follows:

(1) Gyorgy, P.:iRiochem. J. 29, 741, (1635)

b

« & Lwens, E, o J. dubrition 15, (June,1837).

{2) Halliday, F

(3) Bdrar, C. Re, Tl Sadr, M. L., @scrae, T. F.:  DBiochen. J.
4
32, 2225,(1938).
ooley, D+ Wi,y Taisman, H. A., Llveljem, €. A.: J. Biol. Chemn.
126, 73, (1938},

{5} Junes, T. iiv: J. AR. Chem. Soc. €1, 875, (1539)

(¢) Bendor, . C. « Supplee, G. C.: dJ. Hutrizion 20, ieo.\lJQO)

(7) Grifrith, . b. and tinde, L. J.

Jd. tiol. Chem. 131, 567,(1939).
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GENERAL The money is to be utilized to build and maintain a labor-

atory which will perform vitamin assays and also do certain clinical

work,

In order to give a clear and complete picture of how we
are going to carry out our purpose, the matter will be under the

following headings:

1. The Vitamin Field
2. The Need for Vitamin Assays
3. The Customers
4, The Set-up of the Laboratory
a) Personnel
b} Construction

¢) Inventory of Materials

THE VITAMIN FIELD A rough working definition of vitamins are that

they are minute amounts of matter occurring in certain foods which
enable the human system to utilize what it eats. They are definitely
essential for the maintainance of life. Thus, it has been demonstrated
that it is actuslly possible for a person to become seriously i1l by
staying on a certain (and apparently excellent) diet for a period of

time.

But the real field of vitamin work--especially
in the United States--is not in dealing with complete vitamin starva-
tion, but with borderline cases and continued chronic malnutrition;

the seriousness of this matter has been recognized by our Government
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and definite machinery has been set up, and is now functioning to carry
out this work. Acting under the President’s National Research Council,
& Committee on Nutrition has been formed end already the following has

been accomplished:

a) The millers are producing a package flour fortirfied with
vitamin B 1, .

b} The bakers have put out a vitamin 3 1 bread.

¢) An office of Nutrition has been formed under Dr. M.L,Wilson,
a former Assistant Secretary o; Agriculture to inform and
advise ( and here there is a very definite hint of force
iT necessary) the farmers, distributors, packers, processors,
and any other groups connected with the food industry, just
what they should do in order to make available %o the Publie
foods with the highest possible nutritional value. The

program which 1s being carried out consists of:

1. An immediate fortification of certain foods with
synthetic vitamins as an emergency measure %o
Prevent any further malnutrition.

2. A long range plan to increase the natural
vitamin content of all foods and to teach the
Public to buy on the basis of nutritional value,
and not pounds per dollar. This educational
plan is even now being put into effect in Philg-~
delphia by means of the program of free lunches

for all children.
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2., THE NEED FOR VITAMIN ASSAYS Vitamin Assays, or the determination

of the actual amount of vitamin present in a material, are absolutely
essential to the carrying out of any such vast undertaking as that oubt-
lined above. The vitamins themselves are very fragile. They are
affected, and sometimes completely destroyed, by heat, light, air,
periods of standing, and even physical handling (such as grinding and
¢rushing). Further, even for the same farm products the vitémin con-
tent varies tremendously depending on the location of the farm, the
period of the year in which it was grown, and the method of cultiva-
tion of the soil. Obviously, then, to be of real value, the assays

must be rapid. The methods of assay as they exist today are:

a) Biological. These involve testing the effects of standard
smounts of the vitamin on large groups of animals (rats,
guinea pigs, chicks) as compared with the material being
assayed; these methods take from three to six weeks and
are the ultimate standard since they measure the actual
growth produced by the vitamin in question. We 1lntend to
do these but, in general, they take too long and are too

expensive for ordinary work.

b) Microbiological. These measure the effect of the vitamin
on the growth of a bacterium (i.e., a very small animal) .
They take from 3 to 5 days and are the most accurate known.
We have had a great deal of experience in, and we intend to

concentrate on, these methods.

¢}

Photometric. These measure the color produced by a reaction



of the vitamin and, as such, are not suitable for any food
products which are almost certain to be highly colored. Vie

shall not use these methods.

One of the principal aims of the Government control of nutrition is to
do away with the vast amount of vague claims, misinformation and general
outright quackery which ig obscuring the real value of vitamins to the
Public. Toward this end, rapid, accurate vitamin assays on all foods
which are known to contain, or claim to contain.vitamins, are necessary.
In the very near future, it will no longer be possible for a chain store
to proclaim "our meat contains the B vitemins" but they must state which

of the six known factors of the B complex and how much of each., And

this condition will apply to all foods and will not be temporary, and

will bvecome even more wide-spread as time goes on.

The Government is not set up and does not intend to be set up
to perform these assays; it will be up to those in the food industry to

have it done~~-and we propose to be the first in the field.

3. THE CUSTOMERS A1l of those mctively working in the food industry

are potential customers in that they would be vitally concerned in
knowing the vitamin contents of certain products at definite times; for,
as was explained above, the assay values vary tremendously even for the
same food. We do not imply that all of these people would rush to have
assayes performed, but certainly they would help exert a mass pressure in
this direction which would leave it squarely up to those who are most

vitally affected, i.e., in their poczietbooks, to have these assays done.
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Those who would pay to have assays done may be classified as follows:

a)

c)

Canners, Not only is it necessary for these people to
know that the vitamins are present in a full measure %o
start with, but that their processing doeé not destroy
a conéiderable amount. And this processing is different
for the various products ranging all the way from string
beans and spinach to fruilt and vegetable juiceé. Also,
after the assays had been run for a time, the canner
would accumulate sufficlient information on nis sources
of supply to enable him fo buy intelligently with regard
t0 the highest nutritional value. And, of course, the
assay values themselves can be used as a fine advertising

and sales point for the product.

Bakeries. The milling of wheat to produce white flour
removes practically all of vitamin B 1. (thiamin).

To counteract this, the bakers are producing e white
bread which has been fortified with synthetic thiamin.
Constant tests will have to be made to determine whether
the thiamin is uniformly distributed through the loaf and

whether the baking has done any harm.

Dairies. A8 in the case of the canners, the resulits of
assays made over a period of time would tell them which
farms produce milk of the highest vitamin value. 4lso,
in the addition of vitamin D (dispersed in cream) to
milk, a3 careful survey would seek ocut any harmful

technique.
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Candy Manufacturers. Here i1is a wonderful opportunisty,
and one which they recognize, for the makers of sweets to
open a new field for the sale of many varieties of mints
and candies. Again, vitamin assays will have to be done
so that the actual amounts present can be stated on the

box cover,

Container Manufacturers. The comparative ability of dirf-
ferent types of light excluding, air tight, inert atmos-
phere, and anti-oxidant containers on the stabllity of the
vitamin content of foods packaged in them is going to be

a matter that these people will want to be able to answer
in a direct and positive manner---in other words, they
will need assays to back up their statements.

Drying Machinery and Other Food Processing

Equipment Manufacturers. The makers
of such eguipment are going to have to answer the guestion
"Will your machine lower the vitawmin content of my food
end, if so, how much?", Often this may be all that wiil
stand in the way of closing an order. Certainly, it would
be worth-while to these manufacturers to have assays made
and then be able t0 say., "We have had your product tested
before and after it has passed through our dryer (cooker,

kettle, etc.) with the following results."

Check ¥Work. Many lasboratories of vitamin products which
have their own assay laboratories have checks run on thelr

samples outside by an independent laboratory; first, to



make certain that fheir own results are correct, and
secondly, sc that their customers may be doubly assured of

the relisbility of the assays,

h} Chain Stores. Big food chains {such as Penn Fruit, the A & P,
and also Department Stores) could gein invaluable information
for their purchasing department by having assays run. ot
course, such information could be very nicely put to use by
their advertising department. <11 of the above by no means
ecover the entire field of possible customers for vitamin
assays for many others no doubt exisi such as Doctors, Hos~
pltals, and private individuals who might occasionally need

such work done.

There c¢an be no donbt that the field is big and promising.

4, THE SET-UP 0F THY TABORATORY

a) Personnel. Four people are involved.,.Morrell Dougherty,
Harry Gold, Dr. Francis Edel and Otto i, Siebert. The first
two named are those who desire the loan; they are now
employed at the PENNSYLVANIA SUGAR COMPANY, Dougherty and
Gold are chemists and Dr. Edel has her Doctorate 1n Bacteri-
ology. All three have been working in the vitamin assay

field for the past year and a half.

Otto Siebert is of the firm of TERRY and SIEBERT, analytical
chemists, which has been established since 1879 and has an

enviable reputation in the sugar industry for accurate work.

As so0n as the laboratory is ready, Pr. Edel, now employed in
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Newark, N.J.,would come to Philadelphia and work on full-
time basis, we would in the meantime Xeep our present jobs;
our share of the vitamin work would be done at night and
the week end. Lest this seem like too much of a strain, it
should be kept in mind that we have Dbeen doinz pretty much
the same thing at PENN SUGAR for tne pgst year and working
a1l kinds of Tantastic hours. 48 soon as our laboratory

was capable of supporting cne man, then he would leave the

sugar Company, and soO On.

e have had letierheads printed and are going to &0 ahead
with wrifting individual, hand-tailored letters to possible
customers in the various Tieslds, These are not going to be
any mimeographed high-pressure elaims, but careful statements
of facts, and will be addressed to a particular man {such as
the advertising managsr or chlef chemist) by his name and
title. OCnce the laboratory has been started, then individual
appointments with these men can be wade, in which we could &C
into detail as to how we would tackle their problem. Because
of the long hours, we have Deen putting in, one of the two of
us can take time off duringithe day without any difficulty.
This brings us to the need for having the laboratory erected
guiekly, for these men are big men in their 7ield and would
no doubt want to inspect the facilities to see how the work

is done.

Construction. one of us (ir. Dougherty) will move to a
nouse of the corner tv.e having a store on tae ground Iicor;

this store will be converted into our small, compact labor-
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atory; this will not only gilve considerable saving in rental,
vut heve the additional advantage oF having someone on the

premises at all times.

4 diggram of just how we vpropose 10 build the labdoratory 1is
given on the rollowing page. In it we have emnbodied our own
experience plus that of many other capable men. 4 good deal
of the special anparatus and gouipment we snall build either
partly or entirely ourselves, because hot only 1s that put
out by the laboratory supply houses too0 expensive, but we can

make them more Lo our own specifications that way.

Inventory of iMaterial:

1 -~ .sutoclave (15 1lbs. pressure) $125.00
1 - Refrigerater (sécond-hand) 50.00

1 - Centrifuge (plus tubes and other
accessories) 58.00

1 = Anzlybical Balance
{sensitive to 0.1 mg.) 75 .00

2 =~ Lanoratory Senches
(pressed steel cabinets
witn home-made masonite
tons) 200,00

2 - Laboratory Sinks 80,00

1 - P H Apparatus
{glass electrode) 22,00

1 - JInecubator (B-compartment for 209,
379, and 559 home~made
cabinets) 110.00
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¢} Inventory of Material {(cont’'d)

1. - Thiamine Assay apparatus

(glassware, heating element,
thermo-~regulator and motor
to be bought--rest to be

built)
1. ~ Desk (second-hand)
Glassware
2800. -~ Culture Tubes (special) at 7¢ each
24, -~ 5 ml. pipets
24. ~ 10 ml. pipets
12. ~ 1 ml. pipets
8. ~ 25 ml. pipets
6. ~ 50 ml. pipets
3. = 100 ml, pipets
1l2. - Beakers of each size from 50 to 2000 CC
3. - 2000 ml, vol. Flasks
3., = 1000 ml. vol. Flasks
3., - 500 mi. vol. Flasks
8. - 250 ml. vol. Flasks
12, - 100 ml. vol. Flasks
6. - 50 ml. vol. Flasks
6, - Pipet Racks

Tubing, Rod, Sample Bottles

kf;b
@(«IJ’/ J/.r,{r‘)

u

$120.00

30.00

14.00
20.00
24,00
15.00
6.00
4.00
3.00
30.00
6,00
5.00
4.00
10.00
12.00
4.00
4,00
10.00

The total is $991.00 ard if we add $300.00 for starting an

animal assay laboratory, the grand total is about $1300.00.

The prices quoted are a trifle on the high side but, in general
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® ®
are pretty close to whalt we would have to pay.

Otto Siebert’s role is that zis firm would give us imnediately
in
the prestige and reputation so necessary;work of this nature,

which would take us a lonz tinme to establish,.
Dr. Edel has her financial share of this undertaking.

A loan of 51400.0C would cover our part of the total money re-

quired with the following coanditions:

a) We have enough starting capital to make the necessary
initial moves; such as moving, and starting to get fthe
laboratory in condition to receive the necessary

equioment.

h) We would not wish to receive this loan before March 15
but, naturally, we must know imnlediately iT we will ha
it at that time, as we would not care to make the irit

expenditures, unless we were certain of the loan.

The lcan recguested would give us ample funds to start
laboratory, plus running for the Tirst three months af

actually starting assay work.

As an added security, we would expect the bank to nold

title to all eguipment.

Attached to the last vage are some clippings showing the nmaturc

and extent of the rield and its posgsibilities...among theses is

R



one very recent ruling dy the Government, as of November 18th,
141, to become effective lay 18th, 19423which vractically
make vitamin assays mandatory, and we feel that the first ones

in this field devoted to vitamin assaying will have tremendous

shcecess.

1z
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, . .| | Labels Must Indicate What Proportion Of Avera: |
——!l Adult Daily Requirement 1s Present In Prodr '

WasHINGTON—Final regulations governing the labeling of § - !

for special dietary purposcs, a classification which has generally, ;
assumed to cover vitamin capsules, were promulgated Novemt' |
by Acting Federal Security Administrator Watson B. Miller. 1
A { will become effective six months from that date, May 18, E
|| The regulations differ only in minor textual changes fr q
proposed rulings issued by the Food and Drug Administraf t‘é‘s—'—
industry criticism last June.. They require that the labels of
and mineral products must specify not only how much
such nutrient is present, but in the casc
of vitamins A, By, €, D and G, cal-
cium, phosphorus, irocn or iodine, they
must also indicate what proportion of
the average adult daily requirement is
1 present.
! The following are the average daily
requirements specified: Vitamin A,
1500 USPE units for infants, 3000 wmits
for children, 4000 umits for adults;
vitamin I, 0.25 mg. for infants, 0.5
mg, for children under six, 0.75 mg.
for children six or over, 1 mg. for
adults; vitamin C, 10 mg. for infants,
20 mg. for children, 30 mg. for adults;
vitamuin D, 400 USP units; vitamin G,
0.5 mg, for infants, 2 mg, for adults;
calcium, 750 mg. for children and
adults, L5 myg. for pregnant or lactat-
ing women; phosphorus, 750 mg. for
children and adults, 1.5 mE. for preg-
nant or lactating women ; oron, 7.5 mg.
 for children under six, 10 mg. for
1] children six or over and adults, 15 mg.
for pregnant or lac ating  women;
jodine, 0.1 mg. for children or for
adults, *

These regulations on “special dictary
foacs” have been the source of much
controversy, and several hearings have
already been held, 1t is significant
that the regulations never mention the
wards “vitamin capsules” or “yitamin
¢ablets,” and that many of the provi-
sions are specifically concerned with
the addition of vitamins and minerals
te: patnend foodstuffs.

that vitamin capstles should be con-
sidered “'foods” and not “drugs,” and
becausc FDA officials have several
. | times indicated that in their opinien
‘| vitamins may be either foods or drugs
"| depending upon the particular use to
'] which they are put, it has been gen-
eraily understood that the regulations
1] will apply also to the vitamin concen-
trates.

According to the regulations, if the
need for a given vitamin in human
nutrition has not been established, the
lzbel must bear, in addition to a state- | &
ment of the quantity of the vitamin, | | . , :
the phrase: “The need TP S RN A e i SRS SN S - Epotie y R £ GCIIRETE % sy
man nutrition has not been «cstablish- ( . e - ~E . T e

ed,” the blank to be filled in with the
name of. the vitamin, . !
(Continued on Page 22, Colwnn 58y |,

- L




gaF DID YOU KNOW
\ _ that % of all Army Draftees rejected, had Vita- ' - :
| _

min deficiency ailments . Official U. B, Health
are astomshmg-—Acmally

¢, Tich and poot; are tired,
losing thewr youth, bueyency -

e, SUSpeCting the cause!

Department figures
millions of . American
listless, run-dowi . .-
and vitality without &

- «C” THE NEGLECTED VITAMIN!

1t's so easy 10 be lacking In Vita
it. Cooking with

few foods con ntain enough of
goda or boiling destroys it Alcohol, overwork,
colds or common infections rob YOUT &¥ stem of e

it. You may be rich or poor, or eat like 2 horse,
and still be deficient in Vitamin “C”.
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min “C”. Only a »
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OU NEED “C" DAILY

Your body does NOT store Vitamin “C”. Unless
you replace it daily—in sufficient quantities—

your system is going to feel it!

WHEN NATURE WARNS YOou!

If you suffer from frequent colds, if your bones
| ache, if you bruise easily, it vour gums are soft,

if wounds and cuts don’t heal quickly, if you feel

“too old and tired”’—then watch out! These are
 the “danger signals’—go see your doctor! You're
" probably very low in Vitamin “C".

A
P T

. §EF FLORIDA GRAPEFRUIT IS
E «LOADED” WITH VITAMIN “C”

There's no need to buy Vitamin “C™ in pill form,”
delicious Flovida Grapefruit will furnish ALL
the Vitamin “C” you need every day. You get
it FREE in the cost of your focd—and you get it
in natural form . . . along with B; and B, and
valuable minerals and fruit sugars for extra
energy. Ask your dealer for FLORIDA GRAPI-
FRUIT today. It's really delicious!

PTIT

The favor of Flor
jda Grapefruil can-
not Le duplicated,
Florida soil, Flor-
ida climate made
Geapelruit famons!
If you like true
grapefrnit flavor
vou’!l insiat on
oviginal, native
Florida Grapefruit.
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SAC E5206/50

SA T. SCOTT MILIST, Jh.

HARRY COLD, was,
ESPIONAGE - R

A
(5=l 307w lmiimt (29-15)

Ne memo 6/8/50 on GOLD residence search meberials

n June 21, 1950, GOLD idemtificd the material in the above folder
as beinp concorned with mixing data, and thinke that this is part of
Lo maborial JRCTHAAN wrobao on mixing, GOLD steted ho did not knor
why he still had this in lis posscssion, but stated that thore wore

three poogibilities oz follows:

1. that BROTIVAL lavor cubndtted the compliste remord
on mixing data in late 1942,

2. that this is matorial GOLD gob from BROTHNANI cubsogquent
to the time BROTIZAYN pave him a complete roport on mixing
equipment, which would place the time of delivery, according
to G0LD, on the instant material as in 1943,

3. a slight nossibility thet GOLD obtained it from BROTIDAM
while he was working for ZROTICAY frem 1246 to 194L0.

COLD stated that the nomoerophs which accormanied the 4ypovritten pages
ware algo concemed with rmixing, and which GOLD believes woere dram
by OSCAR J. VAGO.

0UlS stabed that none of his handuribing or hendprinting appears on
any of tho pages cormrising the above exhibit, and feesls that the
handprinting shovm therein ig that of fORAIAN DRIUNDAL.

Titenh
654,307
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SAC 6/%/59
SA WILLIAM H. NAYLOR

HARRY GOLD, was.
ESPIONAGE - R .y

A
RE: COLD RESIDENCFE SHARCH MATHRIAL f

Fxhibit No. 65-4307-1-B-5 (29~15)
Reference memorandum, 6/6/50, Page 15.

.Description:

Twenty-four pages, including Page 184, of typewritten material captioned, VAn
Approach to the Problem of Contimmous Reactor and Combining fquipment Design®.
This material is accompanied by thirtcen additicnal typewritien pages of illustra~-
tive examples. -

Two sheets of tracing paper, one of which reflects Nemograph I, c#p tioned "“Theo-
retical Circulating Capacity of Turbine Type Agitators", while the other reflects
Momograph II, captioned "Theoretical Circulating Capacity of Propellors at 1007
Slip*.

Three sketch sheets from Chemurgy Design Corporation, reflecting the following
drawings:

Figure I - VA High Efficiency Continuous Mixing Veasel®

Figure 2 - "A Continuous Combining System Comprising a Series of Vessels."
Figure 3 - "An Idealized Representation of Figure 1.%

Figure 4 - "Continuous Mixer Without Draft-Tube"

Figure 5 ~ "A fCompartmentalized? Continucus Combiner®

r
.

Possible lLeads:

No apparent leads other than possible use of material in questioning GOLD regard-
ing work in this field.

WHN:ams
65-4307

(fAm.

T A e LDy g BW T e hd ot . . s . rs . i
B S E . . A f ""’-a';-: e o s g iuﬁ_u;uw:b‘-n T Tt ""«”-Z"‘“'_'-‘«"“‘" R
e - . = oy - * - s .{ﬂ}_. Rt
g ¥ P

™ - e D gl B

. ’#'MMT&&AW’ e e . _:-:4 sty e

b . pate - e L) P

P e PELINE TR L o - L P N T S R

F [T, T e & "“;h’-":—‘"“ "-“ns:"-,-* & Sl W P
o e S

-

x




A4 RO..CH TO TH® “RIGLAN OF c:}:m.n" A5 ACTOR 2%

COVBINTIn m 0IPHEIT DRCIOY

One of tihe prime objsctives of production men :ni plont designers has
always heen to.put 511l plant onerations on = rétionalized tassembly—
line" brelge-———~to put each wit operution in 3 m nufacturing socuence
on a basie cuch that the given operaticn ‘rovides 2 wniforn, et -zdy,
and continuous feed for its sequel. ZHepreially today, with the United

States on o war foolting 2ad sroduction one ¢f the most vital elemente

in tringing this war to a -uick and fictorious enﬁ, iuiionalized production
ig hig on the 1irt of "muste®. The advoatassc to the chemienl and
process ladustriecs of "assembly-lin." sroduction -—- of the ability to
continueusly feed TEW méterlals in on; ene of a plant, te flov. continuously
through all of the unit operatlons ihvolvgd,ﬁand finally to disch.rype
continuously for disposition st the other éud af t;e lant—-——ould include:-
1. hﬁ slimination of =1l "dead-time" in charging rn! dig-
ch&rg?qg bzteh tyoes of eruipment, ia bringing an
accuﬁulated mess of %&teriul to =apropriate grocessing-
;?vals:o? tém;e?atufe and presmure; etCe——-—-—, theraby —
inereasing the productive time of - plant
2y & reduced re uir<ment for hizhly tralned serronnel from
the ﬁlreﬁﬂy~straifo§ Linfipor.er vararvolr
de  grester uniformit, of »roducts throush the elimination
of tie humin el=moat in coatrol
4. 0 oronounced deevesce in tue coct of nroductlon
S. in mort carer, a gre:ter proiuctivity ner volume of
tantage per unit of time.

It 1z the purpoce of this article to »nregent » r tisnnl method for Cecipming

continuour e ulsment for handling tosce eombinis: pheaom an (resctions,

N
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charachorlzesd <t tlzec b ronn o Hlay lovw eomsdabbsn velocltfiss, Thig

development, the authors balieve, fitle In o0ne of $he la-t yonoinin. linke
in mﬁking fpegsently~Lin~" orosucticn corsiblaz for tn arocess and chanteal
Indungtries. The notable cuecesar wiileh hor tyoificd the are o routinusun
ealeiners, kilng, stirition ani prinding =ille, veo-or phare ranciors,
atille, {ilters, esatrifuges, dryers, erystallizerc, etc. sz well as the
continuous ecuilpment for handling all other chenien 1kehgineerinr wnit

overations, 1t 1o our belief, will zomr the utiliretion of the following

mrteriecl,

In Flg. 1, vhet the authaors coarlder to be o contlnusw mixing veosel of
high effieloncy o $llurtratois fowever, the oosctraction (venn 2 oonld

not bo rapreicd aroa cpegille cecomandation In oy rosasch, sipee . lorge

nuzter of oithe~ meeifie srraaran~nts for the ladicatsa Yol oments! can be

\ .
‘

galafully cpployed tu geticty the ~onersl oporailional crarpactoristics
of the device ghewn, D fach, othnr croeiflie arrvsnpecents endodying thy

orineiples of operstion shosn in Flszure 1 ney Se xown advanto -2ou<ly
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“An pneticnlo e Enlt oagss.

Let us procesd to Dreai Tova Lhe stuusture chmin o dn Tige 1oInko ito e2lemente,
wnl dnvestiorte sueh of tho elements »iih vasusct to the “irest Tunction’s
ueh FOYVOL,

(4) The :ireet Dmeticnr cerveld by the draft tube arsi-

(1) to "channelize" th. path of travel of the

incouming . tream, sc tint the new foes iz subjectod




te oo overy litaaofoe mixlag netilon whileh exicie
in v e 12 Lehborhoa ool tie Thomogsini !
pixers.

(2) to rostrict to some asproximite predictable limlt
the cwellost langtt of tlom which | oorilcle

from inlet to outlet nowzles

(8} The dlrect function rarves
in the deft tube i- Lo o
af tne wmoterisl vhioh tog
dre.ft tube, buc't into the
"romogenizning® in . axhauast

(2) The direct functions cotve

o~

to osroviie @n ﬂnt;

mizingy anit by defliaing the
vhieh th> srtisle will trevel

r the racirculs

<y ion pArts
saltoq o reoyelinge poriion
;4c“=9u 1y exiinu-te’ from the
Jrec Tt tuby and isva thru the

v pduer a2l mmanto.

"ho O ra

-
Jit

nun oon ton o aritation

woandor vhilch the rerebing or cobininy actin proceeds
o o _
(2 to provide for thy fullast possible blenli-y of

Lha lacoming stres

patoricls shet avo

Inotre

Lord
(DY The dircet function

mior

(1)

nrot-

a0
|3

o causs oo

annal

the mixing ve

.

contento of the dr:.

s o

#ant

n with the wrovipusly fed

Ti~tate erh uetlag

" nover® of in

aaterily
by ecntinusucly exhausting the

£t tube.
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(E} The direct functions zerved by the w

e

-

e
5]

et osigmont

effecits in certein

toe "aonoreniring® plrera?

sizes of mixing

the droft-tube axhausting alrer element may

perform bath the 7

draft~tabr axhensd

L

. X
E
- .':_\C'ES-

mixerst o

here th-t i%most i

tyne mixesrs would

.
.

fanetion of the dr
§thout, nadilar (
norm:l btlade Ly eg

speed, perform the
propellevs, if pro
arcper op~rational

nit" prester effie

unetions of providiag the
~etioa aad the Yhomogenirzing?

It may also ra polnted out

nrtances, proneller or turbine

be used %o disehsr.e the pumping

A

ft-tube oxhousting mixer.

o0 eitanr tioz "pitched® or
) rouli, if assigned the proper
resulrdd tesk; turbines and

perly desipqed,

caarscierktics, would »

[t]

iency thun paddle +tyos mixers.
o

.

ixing vessel and ths

inlaet and outlet noszzles avce, ol caurse, obvious.
. ) ’ )

4 cursory extminstion of the mods oF opersii-n of the e uipment sharn in

Fig. 1 ravesls zhat, or the conitilon of
éiscarrys, thers uczz aol exist sy o1 vhere

tue @ uiyment Tor w1l

thie elfflaeat

otayed o1 veriou- 2eriods

toe com.letiosn of combinin;

tize spent in the system.

apcroached In the following mannar i7

=~oetion-

frow the = i

2f thr fe2d iz
anrat vould bo med
3L time in tho sye

shenomen. does vo
Sinee such ir th-
W are

to

continuous feed atd contlinnous

z ualiorn sojourn «ithin

razuretd. T~ other vords

sy of pertionn vhich hod
term.  Yot, it is xnown that
vy a8 rcome funetion of the
2. ¢y Lhe problem must be

be able to »redict t
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efficiency of = rlivea corntinuove <lver.

. X . . . £rr3tty .
The problem resolvas itself into twe main taskei— #awehy, 1t ir 2seesesry
that we abtain some duantitative pietureof the effluent from the ¢ uipmant

in terms of tho times of stay in the system ojont by edch direreet aortion

. of ths effincat; ~ad, sccondly, ths ~forementicned quantitative plcture

of the eifluent mist be comblned wlitu th. completion velocity curracterictics
of the combining phenomenor at hend in order to obtain the menn completion
. . ]

(I ,
typifying the effluent. Expresced mutheamaticslly, it will be our pozl to
|

be chle to compute  the wonm level of cempletion of s given coxbining
phenomenon in the e/flusat fros 4 contianols aixer niter the meoner set

forth otelovi-
8 - PN PoS(E) * RSN 4. L oL Pa (k)

WHERE:-
Q = MEAN CompreTionl OF THE ComeiNing PHENOMENaN

f Pz) P’;"“P"\ = THE PROPORTIONS 0F THE DISCHARGE

’ RESPECTIVELY CORRESPONDING “To TIMES

\ OF SOJoURN E€QuaL Yo +, t3 £
' . 3 J 'L-, )- e e n

'F(-t'), {(ﬁ‘), ":({:;B;--'~ S ¥('th\ = THE Ex"‘éﬂ"'; OF COMPLETION

of T WE Compininsg PRENODMENON AT WRAND p

4

TeERING ¢F FUNCTIOWNS OF t\)'&xl-{:s Vo e {:
]

|

\ o

n
To $reilitzte the dizcuscicn of tie satire oroblem, v cuull heceniter
refar to the quintitative an lysi- of ihe efflusnt----the P1, P, P,
veres?y of Fouation (1)=--—-c the "timo-provovtion” comsscsition of the
efflueﬁt.
Bafore we proceed with the detailed investigation of the problem, it vould
be well to note that various resson: unight Trom iime to tim%cdmpel ine
use of a multiplicity of itdenticnl uwanita in serier. Such 're'asons misht
include t"e hyclcal 1unitalions as to vesvel sirs imposed by & certain

- —
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sactory building, tihe hest francfer curirce ro Riremeits of tho combinlng
uhenomsnon at hand, etz. It 1o - ofors anduromt that the ~thod vhien

ig arrived it for accertaining the "time-proporiion” eompositinn of the

ef fluent for units of the ty~e rhown in Fig, 1 must be sufficlently
flexibdle to de~l with cares where either a clugle unit or & multiplicity
ol vescels in serles zs shown in Fip. 2 wi')l esmoriss the continuons

combiniasr cyztom.

. "

For any given rate of throughput ond any st-ted number of vessels comprising

the system, it will bs znen from the devalosment in this treatlsze that

o

the "time-proscrtina® comossition of the efflusat cna he git-liaa? ring

the follosing asily-comiuted char-ctorisiie of ths Jdavice ghau- in

Fig, 1:~ <t
. aifeeted
a. the rote of turnover { or ecirculaticn Y adfeddd by the

drs Ph~toine axbanet ror devics
The meaa completion o nay combining ~henomeaon, 1% v3ill be zhov i, mny
be arrived st by using, the "time-proportion® compesltion of the elfluent
{( as Ceternmined in té;ﬁs of (a);;iﬁe raie of throughpat desired, and the
: 2,

numher and arrangenant of vVeggels ured } in combinaztion withi-

b. the tims vs. comniestion curve for the eonbining nhgnomeaon

gbteining unders-—

]

e, a give coriitizn oi vore-Irul by the Thomog nirin®

and dr fh=tube exhivaasting miwerz rhoon dn ThoL 1

and
d. the volume of the mixing versgel =i in Fiz. 1.
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To Jevelon the mothod of o

-~

s ision of

amalysin s o9

the effluent from one or & serl.. . d gi tan tyve shewn in Fige 1,

Fige 3 in which iz 11lustretod on ideclizeu disgrammatic repres nintlon

P the fundamentel actions oad Ctyvetures Lavolved In tha device shown

in Flg. 1 will be uzed.

Thﬂ‘ :;:ui E Lot
the vripeinil faeters o

eviluetlion, it may wel’. be piinted out thnt such - structure rcepresents

a worzabls continuocuz reccltor or conbinar

fnstances in oloce of the unit chown in i

Comparine fipz, 1 oaad o, 15 asn beo.ced thohotue

coatsuining ¢ volum: ol anterizls (V)

is elrenleted, or
tubs exhmaating
Caeeribod

Tre "facd? to the

enelopous to tihs Inlat

v

plplng vhleh i¢ w orThed ey—e—emme—; end «oken

o by toe

to thore p*rf:

turad over,

mirer, =t ¥

RO I
e PR S

by & 2umD,

te of

v

v
D

davics

(3R

1

aanlogoa

- v
I3 rs
nitio

.

which

s

Laepyves

4rbft-tAwa contoinei fo

iz apalogous

volume

sy kot peotl

Lo
a7 uhe d"‘ Aft*

time.

Jﬂ' aais of
Feed leg vhilen ir
2. of the

Smetionn mnglagous

] Lol
£ i;;'. lo The,

srifieeq,

aeross which a prescribed 1033 in tonsl head” sezon, functlion mnulogously
to the “hoﬁcgewi:inr“ mluors.

Ogirp Tige Uy we zny no wwosesd Lo fepy oo o la bty ke TLimoe
compogition” of tha llrdnn re fopr *:iz o L of siqplo contiwuous siner

and Tar o gertnr of L3 oadieal contlbn.ods wlxry The epare oo 1e Lhpough

the iigebra of Toxblantlons.

Firstly, let us consider the case when a single continuous mixer is employed.

If R gelo. per min. is the rate of feed Lo the zy. lem, and if
- i P

gs in all




cases of practis ) duelpn R 3- 0 v wotlally lower thes the el:oa ablag
capreity of the druit~tube exbvel @ ing mizse (O galse ozv aine } thon the
propovtlon of material which would leave the systew aftsr l<pess from the

iInlet to outlet novzles wonld be R.
4

(ﬂ) N Lat np= Et
{ .
: ‘ !
It follows then th t the proporiilon of materinl remai%;ing in the systom
-
after ons pars would ecual (1-~p); and hence the prosortion of material

lewving on th: gecond pass would enual p (1-p). Cimewlarly, if ve were
to contlnue the meehanics indic: ted zbove to obtaln biae valnas of itne

nroportions leaving a2t the end of b passes, 4 pus-es, 5 pasges, —--——-n passes

we would obt-in the values set fort.. in TABLEL, uelow.

" TimE- PRoPORTION ' SERIES FoR ~THE EFFLVENT From A -
CoNTINUO\JS AYETE P “oONSISTitG OF A SIHGLE oY

Time ofF Solouant |
IN TERMY OF NO. \ 2 3 4 o)
L 0f. PASSES COMPLETEN :

& N

S
s
Y

) £ 4 1 -l
PROPOATION 2 2 . b B
LEAVING o I Ol i i M Bl P4 1P9 Paee ow o
ﬁBLE \A T : v
g v T .
Proc Wlel Laaniss Oyre T poRTION REMARING W THE BYRTEM
\ ( 2 - P
A cTERRaS! \—P(\—v‘)-p-_- f- e Pt (=)t
3 P Yt e (1-8) PP P = - e p o b e PR
X 4 “ph-p)
n PO-T
TeanT 5 tf, 4, 1e eot e 2l t0 {l-p) it will be observed thnt the series generated
taves trz form af: Dy Diy p;é’ pﬂb, p&ﬁ, Steey and ig aa infinite cories

k] .

o

whose summatlon voluze for 211 values of) n, é,oin» from 1 tooolis 1.

It is obvicus from ghy.ic 1 eonvidersaticns tast

() o =

rlnce tie sum of all tie proporticas must e.ual one,




(@)

&

If t.0 ifeatiesl vec<elrs nre 93 t:i in sarlr, the wriect oserloa of
sbtay iu the system must 27 2 passeg, 1 paszs 40 the lirsl vesce! (ad l
pass in the second, asad {the oroportion of materisl lenving tho system
after such o stey is pe. In other worte, of the aronorticn (p) of
l-page zatoarial leaving £he first vesgael o orosortion erual te

EX = P

would be dischirced from the secon’ vezgel. There arve'tve ways in whieh
: i

matericl may contrive to leave the tvo-wessel system &iter § passesi-

(1) by makineg 1 pazg in the rirst vessel aad 2 pogres in the secohd; and

n
1

s
jond
c.l.
[
Y
[
1
]
0
Q
w
-
.
[
by

5 - - - oy
irct yageel rnd 1 ovace

(2) by miding 2 paségz In the
w» formul-te these combinations, it Sill be noted tixt
.‘ .2—
Plpedr palp) - 274

rould be the total proportion of mtteri:il leaving the sy-ter sit-r a stay

o

of I puneses. Iu whrdg, of the proportion p whieh is dicchorged from the

I

first vesgel after s stay of l-pass o proportica s ual te pq would stay
for 2 noszes in the gecond vessel; wnile, cf the proportion pg vhieh is

discharged alter ¥ passes, in the first vessel @ proportion o leaves the

racond vesse'! -Tter a atay of L pase. The sum of the stated products wonld

ot -

awunl ths totnl mrterinl gtuylng in the cyeter for 4 etey of 3 Dasges.

There arz thves w-yc in whieh saterii 1 could c3ay in ths eysten for a
neriod of four seargesi— (1) by msking 1 sees in the Tirst ve-sel and

) 2 3 PR . . : 5 .
three in the sacond; (2} by making 2 asses in the first verzel mnd

2 pnsser ia the fceond; nd (&) oy mexing & passes in the first vescgel

and 1 in the ceccnds If we formulnte thece coubinationes, it will be

found that:-

EN

plpa’) « peglpd)spqlp) - 204

b
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conld be the toitsl orooortion o o sprinl loavianx tho

'  -10- .

of 4 pagses.
In like manner, it will be found that there arei— 4 ways in which wmterial

rEﬁEiﬂ in the syctem for a period of B pasres; 5 ways for a neriod

for a period of 7 pagses; otct. If we extend the

of O pagses; © ways

tad srove ia Fouatloas {(R) and ()

to sll subseiuent ﬁojourns in the zystem, w2 wonld obtain an infinite

sefles in which tho v= luev

Nyl OROT R el

Indicsted in TABLe £ form the initiel terms.

SERIES Fof TnE CFFLVLMT FRoM A

e od s SYSTRM CONMES TR LT Tuwg uvenvs I SERES

s

i gf Sadouerd i
telms OF wWo. af z. ™ S < Q 1 & S IEEeN
PASSES COmPLETED ‘ . i
PR oPORTION N N IS RN < 1 1
. . e 1 B e ¥ N > 2 Ty
LEAYING PY|zeq[rpalapEispAfiea [Te 4] Cry

()

[ﬁ}LE 2

IT three ifieatical vessels are operated series, the shortest period

o

of slay in the systen wmust he thares pasces, snd the proportion of muterial

-

leaving the rya,en after cuch e stay would be pY. Ctating the method

whereby the proportlen p3 is obtainéd, it iz resdily noted thut of the

proporiion p2 whieh iz direharred Trem the [lrst two veosels “iter o

ctay of J-3588085

vers to get forih the nmaber of combdbinaticas vhereb o stay of 4=-pagres

4+ oy

in & o—va el system could be arringed Lhoy rould apoear se followy
G ¥

against the proportions wtravelling the indicated po-sible cireultsmi{SeE Tas

Vamtl #1 Verd. % 2 Veeall T3 G"“"@*"d—;ﬁm,
2 posue b o _ )tldm ( q/(\ : JL::”
e S SIS ) *@q\if\ 1

\ )E.qm. \ ‘614»5-:» 2 *(.‘-'.l,-;r,-r/ { Jn\ J?‘\g stulﬁ : "t’?

*

,P._R _Q.

ToTvTAL = ? ﬁ




If the wroportlon o aberi 1 Lo ay

oo osl e enl of Be-passes 11 & I-vesszel

b4

. . : . el TaoLd @&
8yslei were to be simll .rly laovestiz ted; therve rould result (se€ Tace )
TaLWE A

a a Vooal Y Vol ® 2 Vooad 2 2 PM‘@MM‘-’“‘

‘ kR EWMDL 2 PMMJ a \ ﬁa—-ﬁ-a, ("@c‘ )(_ oq)(g\\ b J@‘i a .
\ . T \itaaes L e tda, ( ‘)g_, ‘)( ),_\‘ . kY (0‘-;.
s N - § f"t [gi%

'EAA b ’C«.c-é- ‘?_ %’.Mw.a,. ) ‘—-'(' fh(\ ;6 K (“) J" -:.

e e a0 ¢ B

L b ke Baldt Rk

A N SNV AT o

v 2
JoTaw 7 L, J@

Far’

o e

Aoplying the above method 5f enalysic for all succseding sojourar in =

i-vessel system, we obtain ah infinite saries in which the valuss iadicated

in TaARE 5 form the initlal terma:-

CABRLE £ CTim€- PROPOPTION Y SERES Fop Tue erffLvieT FRom A
o CopTINYOUE: SYSTEM Congis TG AF THREZ viiTs

Tim€ GF L0J09uRel

WOTEAMS OF NO.of . ‘
|9msesmc,ompa.€-rso 3 & * : ° -( % K N
PRoOPOR T 3 s 1 3 }
Yk AR DALY RN S IR ST -2
LEAVING ’@ 3’6"6 oF Yy 0P g Eﬂ: 612y 18P’% "FE‘"&“

The development of the "tims-proportion” zerie. illusirited slbove fap ths

cpecific cases of 1,2, % J-ualt contiius.i. systens Lo Indicd {ve of the

fact thot the prozortioa leaving o coeten of m o verasle i seviss © T

& cojourn of n pacser in tie syoter ls

written:-

(9 | P, 7




(1)

@

(kMY

. ~12- .

By the uge of -neratlons comson to 1 Taleilar af Tinite Diffecences
¥ :

€3

(notably ¥ employling the econcepts of Difference E-uztion s and the LaPlace

Generstiny Function), ' . Brothman derived the general sxpressiont—

-1 l' s e )
,Cé(rw,n) = (M«»(S,"{;)w—hvj./ /9 ?’ ( )/gm

for all v-luer of m fron 1 toedrnd for all valunse of n fron m to o2
(4 -
Zinee the sum of the proportione a{/;oma loing the discherge muct eyual
Ctrmnt _ '
1, we are~9riviiepw4~to nriter-

2 G g

The exisgtrnee of Z uatisa (19) fulfille tho first stes in our development ,—

namely the task of obtuining 2 meuns 01 carputlnv “he "ime-proportion®
composition of the effluent for =z system consistingﬁ%ne or mecre units of
the type shown in Fige 1. The time of sojouﬁq, i% »ill be noted, has thus
far been evaluated in terms af tre numoor of pusses or cycles executed

from the polnt of ialet to tha point of disch;rge in one vessal. Ve

may now evrluste the wericue sojourns in fﬂ rmg of normol time measuremerts

\

by pointing ocut thet in Fig, 5 thp t lire (1¢w) revuired for a single

psss fron inlet i~ outlet =ill bes-

LY
’L\'n . CQ

sinee o cond Ltion &1 the dealm in both Tige. 1 % 2 is thrt the aoczrrles

o]

be so oositisand ué to meke the ciatrent a0 ¢louely triue as <osrible.

A1l other rt: v or rolourns in the gretom woild thon take the form of r'.tm,
vhere n ic tie numbar of pusses achlaved.

¥e mny now procced to the task of incorporsting the Peomileticn ve. time®
charecteristics of the various combining phenomena into our developments-
Concider firstl; g Flret Ordar Peaction. The integroted form of a First

Order Renctio Veloelty % uation isz-

.{:_- 2,343

T }Jf?j/m
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wher

b4}
"
i

1

of tempercture, pre

« the roaotion velazliiy conctrat wnder o

naLLion

T o
E A S

sgpure, e2nd aritation

#he rbrriing reactsat in mols}per unit

a = the concentration of ]
!
of volume in the rescticn vyitism
x = the depletion in cenceatrrtio. of the shertlng -zactant
1 wole peor wiit of volume afiler - tlse inte ryil of b
t = time of elapza 2fter the re-ction condi%tons of teuperature,
nreseare, ~nd aritoticoa bave oeen emtﬁ‘m~ ished.
Ko may wrils bt oin terme of atn { Ces abdo i, and hoaces-
V,BU?_ & -
e ~t 7 T e |
It ir obvioue that the compietion of the Tezction could be measured in
- Q . 3
teramc of &:;; , 2ad hence ve may arite

0 AN

4 &,

vineres-

()

and, fiuslly, - el
. - &~ .
(‘ 5\ Bl wc} ’ o
imilarlyy VST ae
1
.
Penction nuy be ‘r‘+t“ﬂ=~
- )J_( [N “'C/ e .:"s“!"\’\

(Ho) o i J\ ke

wheray -

{17) A f"‘ % (q g_)
And \\d - ) a”fT-'fW-w : T—-f rﬂ;ﬂ

,. J

»
of a Tb,rd Ordfr Neaction may be vritteni- |

@
. the maueere of completion of 8

(»-..-- - c\ c-a\)

Secona Order

¥
I
]

[ E moasure of completion
e Ay h

(\ ) ‘\ ( {a-l»')u: ) (
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=1

vheprsas-—

(ﬂ) “1‘{*5&3

G-Ce
op

aration may be writden

e
LE

ag & zeacurs of completion of & solide-dicsolving or ghs-<

C < ghg [l

-

- .
(202 Cy-C, .

. wﬁere:- : :
(2‘> 7\4_ :%NA-?Q“%- .\.
In Tre 2hovor- .
t = Tize of stiy In rystem under desired soditioar of agit- tion,
présira, téﬂpfrhtﬁre
kz:'gg = Resction Velociby Coéstunts Pﬁ?ﬁéﬁtivsly for 2nd, &

third crder recctions unter given comditions of
;emperature,preésure, ~nd agitation.
-ﬁé = Zolution vcloclty cp@stunt under given coalitlons of
temper‘tnre, preﬁsufe, ond a2gitition
a= Cmncentiation of terinlca)at ctart of renctioa in Kols/V

. oo f , n . - .
Concentrstion of meterisl{blat start of resction in *ols/¥

o
H

-

¢ = Concentration of m&terifl(c)at start of reaction in Mole/V
- x = Depletion in Concontraiion of =ny rezctunt in lime t in
mols per-aait of wniume

& = drez of conteet tolr pnopgos rne 13 ulc or colid and 11 4ig

pheses 1n phycical dirsolviag syctams untcr given cou . itions

La)

of tempernture, pressure, »nd agitation
A .
Cq = QConecentration at saturation 1lmit oﬂﬁcolute in solvent in

-

¥ola per unit volume

solving




vl

Cf = Conceatration ;( solute diveolved under glven conditions
o0 temroenbilsl, dresee, énd  pltction ot wid of tire
invsrvel ¢

From the shovs, it

will he obgerved th- t -

tyoar tre ted vith

en combining phenomena
1 abov

1 of tho

4]

are hendled coa*inuoncl L‘ (
will ta¥e the gnnﬁ*qll e? Torm ofi~
“(22)

Hu) Y

+

~

l] o Tvouatlion (l)

-

Thus for s

& gyetem of m vesgel

i
1s { where m aay ecual a g
of vecrele in ceries),

T
~)
!

e’

any numbar
uation (l) my ov be Wﬂltt

S () e

en, in view of T uation (22)

A \\ T A i, Fore 4 {“\*‘\ )

Yo JE 8 ((_97 . A IR,
v (S i’Q) "

(&\I?\ [

s

in terma of the appropricie moasurosindicated I

where 5 1s the mean completion of the.combining phenomenon in cuestion as
expressed '
(18}, and (2o), wniA_is riven

1ations (15), (16),
its approprictc voluse recoriing to (14), (11),
(X%, an® {21). TIn viev of Irustion (38, we mar write E.ustion (28):-
=L
24 = -~ *-*“ 5
e se 2z ) pngT e
S heny - -
By an

extansgion of the nab anat,

ice leadin: to = ustion (Q) with speciel
apolication to fonation (28), Brothuwn 4
or {8):-

erived the following explicit sxoresszion
Y, .
(9) . NE (
L,

/

=z R
tiere the value of p,are determine. in accordutes nlty oUr Srevious remarks.
"
A uzlification muct be placed oa the uce of T uation (25)

1 we examipe
Esuation (24) which contributes to the development of {25), it will be noted
that S must have a finite veliue,

Thiz limituuion arlees from the fact that the
lawe of chemieal eruilibrisz restrict tie compdld:

ng vhenomenn

to

e —e— -




finlte lovel--1i ciher words, . milters hisy comolete o combinin pleromenon
miy secm o be there exists some, -t lensgt infiniteswsl, residue of uncombined
materiol, If wo test E,uation {24) for the conditicns under which (22 will
ba convergont by means of the rotio method for converginey, it will ba

found that wher

o i CO I LIy

+

) i’ (jﬂ,{q\ ,::zr.,ca J

h+1 mst ecual o

Mpy, T \zfr/,i\ Lo er

@ﬂ _ ( >ff”6nmméfvﬁﬂ’- k\ Jﬂ@zdg

and
(zg) . ﬁg“ AJ%+\ . g ea
gt Mn g ’1:-

. N . . - . ; .

Ehema%? is less tnan 1, Fcuation {24 w;ll'yiala a finite value for {(5).
Couation {83) itsell showe that %,8 ) con never egnal 1 oand yield a
finite value for (8. Iisnce the limitation on {28} is tuat ( ﬂje;h)

v

muazt be legs thav 1.




| =17~
No tre-tmenh of the cibjeet with o el in o utility could «wmd witn f uation

2%) rad the - bove-descrived limit 4. 1 thereon. Indeed, it vould be znecessairy
3 o

to at least touck on the follewing cuestions pertaining to Ecuation (28):-

1) how esn the effect of homogenizing® mixing be considered?

2) now would raactions an. phyciecal combinins ohenomena involving
heterogeaseous gyctems be hnadled?

%) how would reactions whore cempletion ve, tilige ‘curves devinte from

their thecreticai order be hondled? ‘
4) hov rould seriss veactionr te hondled?
5} how cun tae value of ¢, v.ich enters in forming the vriue or ¢, be

compuied?

6) within shet 1imite dose ty uoually rua?

afficiency of eontinucus

o
r_,)l
7
o+
i
4]

The effect of Yhomogen:~ins" wmixing ia detormi

ComBINERS zxprosres iteelf 5h; its influence i Jeicruiag the velocity charncteristle/e

of & partlculsr combining oheaomenon. In fach, three condltlisng mey determine

i
the velocity charscteriztic/s of & combining dhenomenon., These ares—

. . o . s ] .
tompersture, pressure, und, agitation. TIf the coaditions of temperature and
oreccure arg Kept constant, the effeet of  gltation will be found to vary
Inversely with ths oxtent of Jiffusivity of the combinia, m.terisls vith one

r

another #id/ or with th- dirpercion madium.  For wny given codition of vecrel

Qv ity N aoris \.\alf_ A !e‘:.. N

dnsign,Aénd g glvem iIntensity of work-inpat, any one of three wmain tyoses ngitation

conditions muy exi-t. The three pocsl le catercries into shich the gitstion
conditicn may fall include:-—

s & condition of non-uniformly-diffused turbulence

be a condition of uniformly-diifused minimum turbulencs

e. a condition of uniformly-diffurel abeve-minimm {as referred

to (bi)turhulence

—_ - i v e p—————



. . -8 .
Condition (b) may be compared to th-l minisum level of liﬁear velocity
which, according to the concept of Reynold's Number, is adequate to esta-
blish,e for a éiven viscosity, density and duct diameter a condition of
turbulent flow. Conditions (2) & (c) are ressectively below and sbove
this point o¢f transition to turbulence. The relation between resstion
veloclty constant and condition of turbulence in a combinming wnit is ane -

logous to the relation between film coefficient and linear velocity in

heat exchange equipment. For heat exchange eyuipment a eritical level

o of turbulence exists beyond =mhich an incressze in turbulence will be accoma-
anied by only a smsll inerease in film coefficient. Likewise, for e mixing
system a critical level of turbulence exisis beyond shich an increase in
turbulence will bs accompanisd by only &« smell increass in reaction velocity
constéht. Thus, the most economical balence that can be achieved between
film coefficient and work Input to overcome friction drop in & hest exchanger
is analogous to the most economical balance that can be achieved between
reaction velocity constant and work ianput in the form of egltaticn in a
combining system. Likewise, under normal circumstances the fluid velocity
for cptimum operating conditions in 2 heat exchanger is analogous to the

level of turbulence demanded for optimum operating conditions in 2 combining

system,

Table §6 is offered as a means of estimsiling three intengities of work-input
rhich will establish, for containers of indicated volumes, conditions of
agitation eorresnponding to Conditiohs (bj end () above.

The method of handling heterogenous reaction and nhysical combining systeams

noy most often bg considered to be a speciel case of handling Lhe problems of
continucus orocessing presented by reactions vhich deviate “rom xnown reaction

orders {as will be treated below). This is true because the comnletion velocities




TABLE 83 APPI oY TE " MIXFR BORCEPQU ™D &L JIRTMINT
TANEZ CHARGE Modium Agita:sic- Rupid Agitation
{Callopnse) :
' Thin I Yadiup ; Vi cous Thin | HYedium Viscous
L ~2- /100 /100 1 1/%0 1/100 1/%0 . 1/20
2~5 1/100 1/20 i 1/8 1/50 1/20 1/8
5.~ 10 1/70 /g b1 /20 1/8 1/4
10 - 25 1/%0 1/% ? 1}4 1/3 1/4 1/3
25 - 50 /8 | 1/¢ 1/ 1/2 1/3 1/2
50 - 100 /4 1/ { 1/ /8 . 1/n 2/
100 - 200 /2 1 1/ Cos/a /2 | a4 1
200 - 400 1/2 3/4 P 5/4 1" 1k
400 ~ 600 2/4 1 D1 1 :v& 2
600 - 1000 1 1} [ 2 1% 2 5
1000 - 1500 . 1} 2 I s 2 3 5
1500 - £000 2 2 i 5 5 . \ 7%
2000 - 3000 3 5 7% 5 '? o 10
3000 - 5000 5 7% ;.10 7 SRR ¥
] i . ~ |
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orders falls into tw» rep r-te cntegories:- !

z 9

102
g o
of heterogeieons rystems iavolve cops'" ~*ion " the rren of cont ot hetiean
the cosbinine phnees, sad weewrs-the enid are. foctor irf not ususlly susceptible
of ‘uunititntive evaliustion. Hance, «s for the cace of combining phencmens which
devizte from the norn recetion erdery, empiricul reletlonsihipys betwesn completion
levels ?wﬁ.timﬁ rra therefore the usual rorsm which suenh dat . takes.

The job of hrndling reactions which ceviate froc thelr iheoretiesnl renction

\
-

[

' £ R
&) the job of hundling reaction which despite their apparsut

12 laus of oiother order (es

the law of ¢ Firet Orderbesction, snd ¢hleh ~re hence pseudo-

ungsmolecular reacticn;‘) S Syrin )
. J !

b) the gob of handling reactions which <o not conlors 1o any  Kncwm
reaction orders
The handling of Cutegory {a) reduces to gauging the completion of cuch ghenomana by
the methods applyin, to.the refction order whieh they do follow in iact. The
task of co:puting;fy tens rhicénbelon; to Cun egory (b) reiuces to tro ojerations:—
2. obtsining an empiblcal siuciion ror ihoe Foweiweof complation ve.
time eurve de-oanirzied b ths couvianlng syeton ander certuln
ordcescias conditions of leaoporaturs, (recomiwre, ant s pitatlon,
a~1 formalation. Ouch e u-ficaschoull be ret In thae form

t-e(c)

when C 1g the completion churacteristic i

and




(39

(31)

| . i

QMP“"C‘:‘“ e
be  using the cali owpewe 0 1 the arunnr shich will be detonctrote”

below for the ecace of u bimdeculor re.ction in which the storting
reactinte ure present in rtoichiomstric bulaince.

The integrated form of the reaction velocity e unatioa for the categ whare two
Bl

jdentical molecules, or tro different molecales in strichiometric Yz once with
s

o
e

one sansthetr, "Te re-cte

A : v
e b

where:- | ' ‘Ij
\
kP = renetion veloclby constemt wnder o plven condition of ngltetion,
Leapara Ay, rud orercure
a = sinribing conceatration of Suth reactuite in mols v uanit of volure

l

ica in LOJCEHtfaulOT of hath rerotante @t tne 2ad of

it
{2
o

tiie denle

a time intervel ¢

~

As avove, t tay be written ¢ mal to (ntmj anz hecel-

Ry - X
“ R V.
Al -2

g)
Therefore vinier ( \aupﬂﬁ ‘i wsad a5 ¢ meazura o1 corpletion of :suek 2 reoction,
ltrﬂlbefmmdh&t

(O - e’ e st

Hencey; rhere the moan value of E,aﬁ““? in the efiluent froes » eontinuous
eot-un ir decirad (‘ v
| >
ala-x) - ‘: = i s
L Lo |
- W’v-,an : .J i

f:stnau = ) !-a,m./lo-,'z

The orobleu of gerlser resctlons @ﬁyﬁaﬁgl ar car“ili 2 phanowent mey be talen

to includes=
d J‘%L«‘\‘M*
a)  thesze combiniag phenomena wihich aemoas ‘trate comolctlon veloeity

conatunte at various perieds during the procsecsing operction

*

b} those combiniar pheonoment in vhich-nimesd simultaneour phanonens

oceur uring the processing o0,:ratlon, or s whwels t rardis e o oL

Bwa, ,'MP—'&M!‘\ A B MM-E— N P,w.»!’«'f' bt N,a.r?{’k-w .
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Thoge phenomenz which ™11 into {" wwet be conrilered by dealing with ececl
“time phase ~ each phace of the operation to wiich a distinet andconsistant
value for the comvletzon velocity constant may be attached - ag a separate
problem 1nvolving & continuour ret-up for ithat nerticular time nhese, Thus)
the total system rould be a sumation of e uipment to accomplish each time
phase. Combining nhenomena involvin: reveral simultangous individpal phenomgna
mist be considered as with—the-esne—miome reactions ﬁ&}lewimg no xnowm order,

. -
since.in such cares only empirical completion va. timé'curves and ecustions

¢an be drawm. T

. .- T = ‘\
‘ ) AT \/
The values of ® for turbines and for propellers’aay be obtained by the use of
. : Vi by .
Homographs I and II respectively. 10r general ﬁ951gq purposes, it sghould be
. e . v | :
noted that the values of t, for most usually;encountered slzes of ecuipment

run from slightly sbove 1 sec, in cneuﬁulloq holuwng capucity vesaels to

1.5 mins, in 2500 gals. hololng cap .eity Jnlfba

i ~.‘
P '

P :
In general, it should be ohserved that the}muthe;ﬁtlcal conclugiong set forth

v o
¥

. \ S
above are not restricted in%tgsir applieability to the device shown in Fig. 1.
N <

Let us coasider, fof!ingianCe, d~vesgel of the desiga shown in Fig4 in wrich

a single mixcr enyﬂpes a 11 ulq mage uniformly. It iz noteble that ths

degign in Fig.f¥ AP fers from that In Fign, 1 & 3 only in that a drsft-tube

is ncé employed. If a syctew comprising mite of the ty.e slhowa in Pig, “4-

were computed on the basig that o draft-tube nerve orezent thsoretically, what

mlght we expect of the thus-computed rezults? It follows tiressfmms “hat

since the role of druft-~tube in restricting tiie poseitle times of Bojourn in

the system to &ntegral multiples of the theoretical turaover-time is eliminated
. Coafk & bt e aaka i

in Flg.'Q‘}some devirtlon fromactuni~results 1oUld FOEURt FReSw: u—apriteniton

(W kawﬁrer& ﬂﬁcmutt;‘




(>4

£

‘ ~22- .

Wiﬁgro&m-of"thﬁ'—&bOVe-'m-“!‘tﬁ'mti'?""“t‘}'rﬁ"_'i‘?}’. It wilt be found Jovever that

i

the more uniformly the miver engages the 1i uld mass in instaneces whexe
draft-tabes are not uged the smaller is the devistion of the computed resulty

-anolylog-the~abovemetho de oEmoompatetion ‘ron the achus 11ly-achisved resultsy.

Agmin, iet us conrider a "compartmentalized® continuous conbiner of the
deslgn shown in Flg. § Here, it will bs seen thot two/design limitations
-contained in Fige. 1 & B are not oresent. Firstly, tha mixing wnits do

not work In conjunction with either a common draft-tube.or individual drafgm

tubes, Insofar as the ure of individusl draft-iubes are Crncer1ex, the
P N
remarks made above are pertinent. Ineofar a8 each wit ig "comparimentsiize M
o

away from the other mixers and inso;ar’ﬁs the ni /ers do not function in
40
) * \x\s -~ .//‘
conneetion with & common draft-tube, 2ach of the compertments may properly
"

be considered to constitute an individual continuous wnit snd the composits

-

Ve - - . .
unit & ceries of three continubus comtinérs. The second difference between
4/ N
Fig. 4 & esch compartment of Fig. 5 is that the osoint of exit for each

i f
comp .rtwent is not located in the 1mmed1&te vieinity of the point of feed.
. J
In fact, the minimum aossible\tzme of_sojourn in terms of %% where Q etuzls

ty would ejuzl aopréy*mqtely ty since the point o7 =it for the efflusnt
. gu\_a.-c}{ QA
from each ch.raer i= &%%méﬁfieéiiﬂ opracite the point of entry. It is

apparent thnn tnat Truatlon (24} wenld thea toke on the form

MT&OO _..‘;.
deg‘ﬁ"“e“(

It may then be shown that the comoletion achievesd in the effluent for a ( \
2%

rarticular operation carried on in & wnit sg shoin in Fige 5 would modify, tor~

< - e(‘“ 1\?\< )’“

vhere in the indicated CQEE 2 has a velue of 3,




In summery on this soint, ve ' ¢ -r"viléged to conclude that the ceneral
eperozch set forth nbove wili spoly to all cases of continmuoug combiner
design which follow in even the most genersl way the basic mode of cperation
descrived for Fiﬁ.l. Specifically}any continucus mixer degign camploying an
agitator unit which tends to soproach = full and theoretically uniforn

turning-over of & tsnk-mass may be computed on the bagiz of the theory
v
_ L

glven here, subject to the ~ualificationg set forth above. It should be
o2 &t QN 2 (5 \
by

: Lo
noted that te formulae sz set forth shove and used herenite
]

5]
2

-

spechifically to cases where & fall analory to tae idealiz%ﬁ_diagrum,Fig. 3’
’ ~

obtuling, ] ST N
v o
i

Vs 5
The followlng nroblems will illustrate “the ure of/the above mnterdial:~
P ¥4

PO L
- ;




Illustrative F‘Dle I .

An exdicting pleat -onbain:g voa identiesd reactor vesgele operating,

hatchwise™ to cerry out the following reaction:
A+B—=>C+D

The renctica fellous, as would bes expected th: nargul curve for
a Second Ordsr Heackion. The initici concentration~ of 4 and B are
10 mols per liter and 5 mols per liter, r.épectivelyQ The numbsr of
molz of A and B rescting in & hours is 4. Or, at the e%d of & hours
the mol peféent campletion of reaction referred to reactant B is
80%. The time conoumed in charging the vessels ig &0 minttes. The
disch rging time is teq minutes. The time recuired to bring the
bateh in each vessel up to reactian‘témperature,'by maang of internal
steam coila 1a 45 mivutes; and, no nppreciable umount of resction takes
place prior to the time whan the veécel': chargs is brought to the
fingl processing temperature.

Fach veszel has a diﬁmetnr of 4'-0% sand & streight side vessel
heigiit of 6'-«0F. The holding cepacity of each vessel ls 610 gallons,
Hovever, ihe_vgsgeié-dre "%érkéé“ bét;hwise ~t T5% of their total
holding cap&city. Each veesel is e ulpoed with & top—entering dual-
oropeller mixing =»scembly c;naistiag of twe 8" dismeter x 14.57
mean piteh three-bladed «irine proosllers rot.ting =t 1125 R.P.M.
The‘propellers are located } and % the way up from tha vessel bottom,
regpectively.

(2) What Ls the batch-oper-tlon eapucity of the plent?
{b) W%hat ir the increased contlaucus-operaiion capacity

of the plant ausuming the same percentage of completion




(a)

2

-
. for the reaction ig dasiren, 1’
(1) the ¢t - vesgels ure ploged in seriag?
(2) two parsllel cysteme of iive vescels in
series are used?
(2) five parallel ay-temc of tvo vessels in
series nre used?
(4) ten parallel systome of oac vessel in
serles is used? l;-

(e) Ascume that instead of en incroased blant capacity
for turning out 303 completely reacted miterizl, a
higher percentape of compietion is deslired for the
plaant’s present productive cepacity. It is hoped
that thereby cosfs:of'hcrking“ a dictillation for
the recovery of uﬁreacteé A & B npey be feﬂuced or
elimirated. To what extent cza this be accompliched

if coudifion (1), (2), (2}, o (1) under (b) iz used?

'
i
L
4

i o

The batch-operation ezpacity of the plant in g.p.m. can be found

from the follacing connidaraticnis.

The totnl processing tirs por b teh is the sum of the charging time,

he ting=up time, actuu’ reaction time, wnd Jloecharping time; ors
- 20 mins. £ 45 minu. £ % hre. £ 10 mins.
~ 4,25 hrs.

Whers 610 gals. 1s the total holding capaeity of cach veszel,

- the batch slres run will bes

(Q.75)(€1C) = 458 gullons.




. '

Slnee ton verrels erg employ~id the Tbonbeh-asweity® of fhe nlant

{10)(483) _

(4,25)(69)

17.9 gepoms of 80% completion ﬁaterial.

(b) If the dezizn of 2acn veseszl fo moiified Li accovdines - Sth Tige 1,
and  {1) if 1u~ Ao v LLoble and meditiel undla = hookod in
A .
BN series cccording te Fige _6

s

ly

My

bt vy

N

SO

o e—ewd 77

e

The theoretical eircalntin,,
le; from Homopraph ¥, 475 c.f.ne

elrculating capacity will be:
{c.60)(a75) =

The smollest length of tire

cnpneity, 2, of tie prozellor mixers

Homever at 80% efficiency, the actnal

238 Cofete oF 2170 galems

vhich o purticlae could spend in

each vessel will b from ejuutlon ( L),

(610} (C.

tm =

-
1a&7 -
=

(0,287 minge

235

The reaection viloolity consiant,

=
.

=z, for coont order reactlon

k= 2,303 191"10 i)(u_...x)
t{&~b) o{b-x)
rherei-
a » inltial concentrotion of memctant A In mols /liter,
b - 1 it 1] H 1_3 b ki H.
e - e e
\‘\
kY
A



Ceden

. : .

¥ = asmber of mole of ¢ nd B reqcling Lo 4 nlantes,

Therefore,

E% 2005 logyy 5(16-4) = o po1z2s
180(10-5) 10{5-4)

For a recond crder rouection;

A= tpla-s) = {C.237}(0.00LE25) = 0.00175 (See e uation {17)

The (uantitics p and . would be defined thusly:
; P 7

P2R=-_R_
Q =35

The deslred newn completien, £, in the efflucnt rom the glven
? £

vyctem would be glven thurlys

S= bla-x) _ 5(L0~4)

Oy ————

2 Totsa)

5 8.

Since m = 15, from a-u'tion (25),.

o
A
3 =( pe
1--'.;&'31
ory o :
"\ {R (6)0.0v175
z = 265
‘ - {1- R %i % Q. 00176
238 I °
thereforeo;

= 4’.9 Cofaifte or 36v6 Fellelle

)

10

Tho puorcentnoge ineronsein plent eapacity will be, therefore:

= 36,8:17.9 % 100 = jodu st

17.9




i the ten avallable and moiified vecosl: e arranged as chown in Fipo(

e e i i,

L ; e {
; i ' LA
e st et i it P LR SN

[ RSP §

\
In this aystem m would e usl §; since the gystenm would connist of

tro tande-- of {five vessels In secles.

Hence, 5
—R.) 0.00176 EE
285\ e) . -
ST 'Kl __,_ilﬂ(ejo.oor?e}
285
thierefora,

R= Z.55c.fems 0 19.05 geom.
The plant capacity wi 1 ber-—
= (2)(19.08) = 38.| g-peme

The wvarcentnge Incrssae in ol it cnpaclty will be, thersfore:

= 3B.} - 17.3

%100 =134
17,9

if the ten »vaillble and modifiel vosrels e arranged as slown

in Fiz. (3 ).
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F1G.9

L tlhiz system m rould e usl 2, since the :vetea 2ould conaich of
W . » <

five vesrel tundsm- of 49 rugecl: in rerien:

HBHCB’
R/ 0.0°278 K
285 (55 ) l
Z i
i R 0.C0175 |
- () )
therefore,

R=118Y cefeme 9T R,%5% Fepel
The plant capaeity will bes '
(5)(3.39) =444 c.p.n.

The percent ye ineresce in pl-ab einseity ¢il! be, therefcore:

4‘4_4—'- 17.9 '

— " x 100 7 |48 ¥,
17.9

if the ten availsbdble sad medified vescels oro -rroaped as shown

in Fige ( © ).

. LA

_
N

'ﬂiﬂvré‘r‘rﬂvﬂ

B

£] 1f]

. . ki
& 3 J s

r
|
y 4 _ Y ouT

i e e
gt
el

In thig gystem o woult e wal 1, zinee the cyrior would consist

of 1U vessels in parsllel

Henes, [ 0.00176
e oM
3 - 1 - 1- R nuOOl?G
285)(e
_ L §
Therafore,
B= O:\‘{-% cofeme or 5.58 gepem.




The pl:nt cnpacity will tee-
(10)(5058) h 55.8 Sa e lile

The percentuge incrense in plent capacity will ©te, therefore

56-% - 17.9

x 100 = 212 %,
17.¢ ’

()

(1) if the ton svailrbls nnd modified units are hooked in serles
accoriine to ¥lg. ( ), tie folloving would obtain, wheres

R = 17'9 gop'mi ?\= 0.30176 { \.

Q - -".130 gnpamo p L o = 2150 - O.()‘:‘g4

wom GL00LEE0 q = l=p « 1-0.0084 = 0,828
tp = 0.237 rins. m =10 -

A 10
5(10- 2(_}_ - {(9,0334) {6)0."0175

lO(S"' x) l 1_(0.{33}{3) (8)000“176

theraeisre,
. X= 415 sols.
The'gerccni coliletion sachieved for the thruput would bdet
=4J531ﬂ3:ﬂ50ﬂL
5. IJU

£ the tzn sveileblo and wodificd units are "hooked-up" accoriing

=

(2)
to Fige {7}, con di:ting of o trudex of five vessels in serios,

the following vould obbuin, vhersi~

R - lzég T 5.95

B.85 = 0,002
p = 210

¢ =1 - 0,0042 = (.9858




(5)

(4)

5(1¢ =X _-_[0.004:5}(8)9.03176
1665 - %) &1 -~ {0.5953) (o)0-00176

therefors,
= 4.32 wols

~ The percent complgtion achieved for the thruput vould be;-

-

!

5 o,
1f the ten availoble and modlfiszd unies oo (hoakad-up“ accalins to
Fige { &), consicting of five tundeme ol inc vessels in ceries,
the following would obtaln, wzhero:

-
~ T4

R=17.9 =3.65..
5

D o= 385 = 0,071866

J1I0
q = 1 ~ 0.001L666= 0,2332BA-
o= 2‘ ~ !

’

5(10-%} = (Q,ergeg(e)0.00l?S
10(5- %)

1 - (0.953234)e) 7 176

thareflora,
x =z 4-99 IﬂOlS

The soreent oo ompletizy: cehieved fov the thruout wouid b

H
e

= 4.99 % 100 - 95.8%
5

if the ten avnilnble and modified vesrcele are arranged as showsn

in Fig, (%), conzicting of ten vesrels in v rallel, the following

wuld ¢biain, rheres~
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5 veseels in ceries
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B _
) | ®

R=17.2 = 1,79
10

p = 1.7% = 0.00084
. 2120

g = 1 - 0.00084 = 0.59916

mo= 1

5(1.0-%) = | {0.00084)(e)
10(5- %)

1 - (o.ggels)(e)

0.00178 \

o.eemsj i

therefore,
'7( - {ogggg #ols

The percent completion achieved for the thruput veu’d be:

*
v

- 4.99%0= 02,998, .
5 5

For o tebal-tion of the raruits of ths problem illustr ted ubove, gee

Table 3.
LAGLE T _ , j
" Hookup , Plant Capacity. with Psrcent’ increase in Perctnt completion of
employed 80% completion of . capucity vith 80% . reaction achileved wit
reactien_(cgﬁﬁﬂﬁjﬁu_j_'completioa of reaction continuous operation
. ' usiag continuousz—~ and maintaining the
! oparxation inctead of plent brtceh oneration
batch-operation, genneldy of 17.9 pgevn.
10 veszsels 17.9 an%
"hetchwiagh
10 vesrelr ceries 3.6 lbdr-S'L: qg_*(b
2 tondems of )
5 versels in reries 334 1D {’10 ‘\(o'.d-b{u
§ tendems of
2 vesgelr in zerles 44 4- 14-2 'L, GH.‘S&‘“
10 veasels in ' i
parallsl 55.8 312-10 ' Q‘\.%{W o
AR -




A study of the resulis in Tobla "7 4~ fmaitful in developiang an Lppreciztion

of the c¢imificance of the resulie .ud in develoning thareby a me.ws o

CEY

selecting tiie ontimum arrangement of the given e uipment.

It i: spparent thot elther of the two gets of mearurements computed above

b4

may be uced to ertinete the comparatlve efficlency of ezch of the given

arrangenents.  That is, \

\

a. the comdletion of reaction characterizing) the effluent in
R

, . A .
ench errangement under an ldentical tnro%g?put rate in esch cace
or -
} D

b. the mexlmun thraughput rute which may be employed in ench

arrangement to yield an. ldentieal cgmpletion of reaction in
e s
' - ’,‘
the effluent N ;o
: : N,

constitute thoroughly interchangeuzble criteria of efficiency. Therefore,
it should be noted that the ramarke thich are muse below in explanstion o

the results shoxn in Columa 3 of Table | reflect e.ually upon results

in Column 1. _ . /

A\. . / f,
Lt e,

LY

Brothman found that, for all values of numbers of vecsels in series, the
expression for the "rtanduri pesn devintion" frow the mean holiinc-time
i

g, !
4 gl ) o < it -
eauals-é%;ngTye volies of tha "etand: rd menn deviatlion®, ecmputed eccordingly,
. |,

o i

a ! |
for the case of\the identical. throughmul rete of 17.0 gpm are given in

~

%

Column 4 of stlb>] « The ot that tie extent ol completion of the roactlon,
for the piven cave, te18s5 to lncrease ag the "standard mean deviation”
increases glves the clue to the explanation of the remsults and orovides ug
furthermore with a criteriom for mating the final selection of the arrangement

to be uged.




® ®

Brawing :n analoygy setweon the sigal leance of the "stcnuard mean deviatlen?

frow the mean holding-time in the core of coatinuocus combining eruipment

and the role assumed by the "standard mean deviation™ in the field of statistics,
it may be observed that in both cases the grester the " tandara nean devistion®
from the meea the lese efficient or "competent™ i: thz mean in estimeting

any phenomenon or event which is relsated to tze aecen. Hence, where or
'a
\

" \
the case of betchwise combining operaticns the "stenderd mesn deviation?

[

Teald - )

from 2 given holding-time ir virtuelly rero, the holding-tise within {2the-

Beackokdbmp bty the systen preclzely deternines the completion of the
. ~

combining phenomencn according toﬁstatemantpphﬁb the completion of the

combining phenomenon is a function of %ime, In the other haad, it stends

L ¢,
to renson that vhere the "standard mean deviation" Ifrom tne mean holding~

NN S
tipe increases)the devintion as to complgtidn(_as refarred to that which

~

vould be expected on the hugis 0f_the neun helding-time aloné} ehould aleo

P

increase. The deviction i@ethe

.

poritive directlon wnign cheracterizes the

i P P
?craase in "the glandard mean devintion” in the
I

completions ylelded upeon

’l-—“uﬂ"“ -

given exauwple followz frome~ {a) the Yogarithmic or exponential unture

v M Lo e
of the completion vs. time curve obtaining for the given combining phenomenp )

andf(b)I the dié%ersion of sign;ficant values of P with respeet to tinme
obteining eaég case.

v
Now, #n what manner could ﬁhe magnliude of tThe "standard se.n deviastlion”
from the mean holﬁing—timc'conceivably aifect the decision as to which
arr:ngement should be uzed? To onswer this uvestien involves pressing
home the fact that a large "stendard mean deviation® from a mean indicates

in our ecase a wide dispersion of significant vslues of P on both sides of

the meen; while a srall "standard mean devintlon® from the mean indlcates




® . ®

a "bunching" or narvowing of the . miffeent veluez of P within a limited

e
arth

ng.
band about the mean. In reactione wkewn’ss ln the cases of many organie
syntheses, the prolonged cojourn of s reaction product within o systen

“in coatack with the resctonts teads to promote - slde~reactionr, «rranpements

lavelving lurge "atandard mesn devi-tions® wouli anot be aceeptiols, Apain,
let us auppose thet the resction involved [irstly the‘building g2 of &
"ehemical condensatlen™ product or menomer, end Peconmu:lli; polymerization,

Furthermore, let us suppose that the cbieset of the polﬁmeri&ation iz a
[N 1

produet heving o gpeelal epatinl tracture snd thet tke‘?priaus aolymerization

-~
-

operetions orn respongive o the . un utitxc*v: ruluthOQ Rh}\\ifi tang botiwesen

- -
#

/
the produchs oy ths various st ges of iie }olym@*u"s* ion« In such an
J‘

ins»aqca the cantinuouq systen would ‘have to Jar&ntea not only & raguired
» Q
\ /

=completlon with respect to ths che mihal P?ﬂd&duathﬂ o' manomer product

s

but o miniwmum devisticn in the olffluent from o ricﬁz mean holdi&;~tlm@.

Therefore, the zrrangement tendinr to llm;n the Tetaaderd mean deviatiloa®
! L
to it oinimum linmits, namalj the ten-in-geries system swould be virtuslly

) ! ALt

wandatory. As a mattor oﬂ\\act, it mipgt well be,the gosl of rastrieting
Nowid 7
the ":tandard maan devidtion“ m:g&t::ei& not only forere the ure of a ten—

in-series nrrangemcnt but could furt.erwore muke necessary a stepping~up

N L
of the rute of threuglisut ot Whe exyence of the obbuined completion of

' - - : .
reactlon rs n\means of ¢ f'r’lj regtricting Vi "stoadnrd mean devi tion',

In this comnection, it migit De vell to -oint out that Brobrueal: wort haga
indieatad tha% enproxim:ticns ns to the urecise prodsriionr of materials
procing Trow a continuous cowbining syitem wit nin sat devigtion: {rom the
meah holding-time may be obtained by the usa of i rell-knormn feowias tuken

from the fleld of mathematical probability. A usefnul theorem in this




® = ®

connaection is thzt of Bienaymes - Teucbycnelf., The groper coerdin-tioun of
sueh theordms with the mathematics uzed %o derive the bzelc formulze used
heré is good and propjer since the branch of mathematics used here is iLsomorphie
with the fielﬂ of muthematical probability.
There are, of courzo, other considerations which might influence the decision
as to which crrangement should be useds Those aight includes- (2) the
\
complexity of the piping and control syztem reojuired ﬁd;assure a uniform

rate and cuelity of feed to a parallel system involvxwg a large number of

units; (b) the capseity of the e

’:
o

raipment cawp¢¢51ng tue\:ubaefutnt stages

of' & continuous hookup; (¢} the ec.nomicsI CCﬂ\waerithQ“ involved; etec.
e
)
In 2 word, the desigaing of continuou /pl ants involveo the consideration

and =k1111u1 interpeaetration of = hogt\ox fmctora, many of which mzy be

[

peculiar to the snrtlieular nroblem at hnnd._(
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