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I. SUMMVARY

A. This quarterly report is the third under Contract Nonr-1205{00)
and covers the period from January 1, 1954 to March 31, 1954. The object
of the contrect is: CGunduct research in the synthesis of polynitro com—
pounds to include. but not necessarily %“e limited to, a review of the chemistry
and the processes of preparation of the mare usefur products of ressarch from
the nitropclymer program and investigate thz applications of processes not
now employed in the preparations.

B. The more important results and conclusions of the work of the
quarter are presented below.

1. Of the methods for preparing acrylyl chloride, that using
acrylic acid and benzoyl chloride appears to be the most feasible.

2. The dinitropropyl acrylate process might be improved slightly
by adding the aluminum chloride to the mixture of diritropropanol and acrylyl
chloride.

3. Silver nitrate recovery in the Shechter-Kaplan reaction wiil
be good if all mechanical loss is avoided. This is true only if the un-
reacted siiver ions are recovered from the reaction solution, preferably by
strong base.

- . .
L. Iu the preparat
C

i f dinitropropanol by the Shachter-Kaplan
t on yield from wide ranges of reaction tempera-

ture or time.

TI. TECHNICAL PROGRESS

A, INTRODUCTION

The prircipal effort during the quarter has heen to review the
processes leading to poly dinitroprupyl acrylate. This effort led to a re-
examination of the processes available for the preparation of acryliyl chloride,
dinitropropanol, and dinitropropyl acrylate.

B. ACRYLYL CHLORIDE (AC)

4As reducing the cost of AC appears to be the most promising point
to start for reducing the cost of DNPA, the processes by which AC can be made
were reviewed briefly. A co parison of several procedures was made by C. H.
Stempel et al (1) and the re¢action of benzoyl chloride with acrylic acid was
favored over that of acrylic acid with thionyl chloride, phosphorus oxychloride,
phosphorus trichloride, or phosphiorus pentachloridc. Attempts to repeat their
work fell short of obtaining the reported yield of 68-72% by about 15%.

Two other procedures which can be handled in the laborrtcry, namely
from B-propiolactone through f-chloropropionyl chloride {2), and from sodium
acrylate with phosphorus oxychloride (3), present haudling and hazard diffi-

culties wh::h decrease their efse of scale-up.

A British patent (l.) presentz a pracess of passing chlorine and
acrolein through a hot guartz tube and reports giving a "good yield". It is
an interesting potential process but no laboratory work is contemplated at
this time.
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Due to the percentage of chlorine present in benzotrichloride,
it appears to be an economical chlorinating agent. When it was used, a 37%
yield of redistilled acrylyl chioride was obtained. The reaction was run
in 1C0 grams of Dowtherm using 1.0 mole of acrylic acid and 0.50 mole of
benzotrichloride. Two similar runs were made without a sclvent and as soon
as the reaction mixture reached 60-70°C, polymerization set in.

As benzoyl chloride and acryliz acid are both commercially availi-
able and the process utilizing these starting materials presents fewer pro-
duction problems, it would be favored at this tiwe for the preparation of AC-.

C. DINITROFROPYL ACKRYLATE (DNPA)

Since the preparation of DNPA in several runs in cur pilot plant
study was erratic in respect tc yield (5) we have reviewed thzs process in
an attempt to eliminate some loss. In the process as used, the aluminum
chlor:iie was added to the dinitropropanol (DPL) solution and the temperature
raised to L5YC, followed by the addition of the acrylyl chloride (AC) sclu-
tion. It was suggested (5) that since the complex formed between aluminum
chloride and DPL promcies decomposition on prolonged heating it might be
better to add the aluminum chloride to the AC solution. Attempts to do this
resulted in lower yields and & darker colored product. Asthe aluminum chlor~
ide is detrimental to both reactants it was concluded that this should be the
last material to be added to the reaction. Runs have been made in which the
aluminum chloride was added to the solution of AC and DPL in ethylens di-
chloride, initially at room temperature. Some rate data were obtained with
various ratios of cataiyst as shown in Figures 1 and 2. These firures plot
the hydrogen chloride liberaled and swept firom the reaction flask into stand-
ard base against time. Results indicate that a 0.20 mole gquantity of aluminum
per mole of reactants is sufficient to give a complete reaction in 1-3/4 hours

at 50°C. This procedurs improves the color of the final product slightly and
yielde cempare favorably 4o those for the original process.

In an attempr to find a purification procedure that eliziinated
the many washings whers our loss of product was high, steam distillation was
again tried. The reaction mixture can be steam distilled directly to ramcve
the soivent and the DNPA. However the amount of steam required is high, &t
least 3C 1lbs. per 1ibi. of product, and recoveries are not complete. Steanm
2isvillction ot roduced pressure was niov appreciably different from ihat at
normal pressure. I% would be very desirable to isolate the product iu this
manner &8 loss and labor could be reduced; however, it is not recommendsd as
a process 2t this time.

B DINITROPROPANOL (DPL)

If the cost of ac:ylyl chlovide can be reduced considerably, or
an esterification process developed in which acrylic acid is used, the mz2jcr
cost iterm in DNPA production would then be DPL. We have reexamined the
precess ased in its preparation to see if it i3 possible to lower the
silver nicrate lcss, increase yield, and to determine the limits of the process
conditions. Table I summariwes this work using DPL and 2,2-dinitirgpropanediol
as reaction prodicts. These data show that the major quantity of the silver
not reduced in the reaction c2r be precipitated from the resulting solution
by strong base ito arrive at an scceptable silver balance.
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It would seem that the conditions of the process for the prepara-
tion do have 2 wide latitude. As noted in Table I, there is ouly slight
variatios in yield when the salt sclution is added as a unit, added dropwise
over a one hour pericd, or added and let stand 18 hours hefore filtering.
ais80; the yield was not appreciably lowered when no cooling was used as
compared to that when the temperature was not allowed above 30°C. There was
however gsome variation in the ratio of silver orecipitated and that re-
maining in the reaction solution.

It has been found that DPL has a good solubility differential
between 70YC and room temperature in monochlorotoluene. Better than a 90%
yield of nice DPL crystals was obtained from crude procduct, pulied dry by
means of a vacuum pumr; using monochlorotoluene and hexarne as a mixed re-
crystaliization solvent.

Teble I

Dinitroproranediol Preparation(a)

AgNO3 Recoveregd

o from from
Run Jenditions Yield{b) Cake Raifinate Total
115 Analytical grade AgNOs; s.p.(c) 72 97.39 1.83 99.22
116 " " " " lost 96,50  2.20 98,70
117 ! o £ L 51 97.33 2.20 99.53

Dinitropropanol Preparation(a,d)

121 30 min., LOYC - 96.9L 2.34 99.28
122 S.P. 82 99.40 .30 99.7C
123 L — 97.89 1.57 99.46
12L(¢c) " - 98.20 1.63 99.83
1254 S min., 30%C 77 99.71 .52 100.23
128 18 hours, 30°C 87 97.02 2.26 99.28
130 S.P. 89 e 1.35 .
132 10 min., 35° 83 $7.02 3.10 100.12
133 15 min., L42°C 79 — 3.37 -
13 dropwise for 1 hour, 28%C 8s 100.28 0.04 100.32
Mean Recovery 99 .60

(8) Runs were made cn a 0.50 g.mole basis (1.0 g. mole AgN03)~
(b) Y1513 was based on material extracted but not volatile at 75° and 1-2 mm.

(c) S.P. - Standard procedure; Add 211 of the salt solution to the silver
nitrate solution at cnce, keer temperature below 30YC, and filter
after 30 min.

(d) 411 silver nitrate in this series waz the same rerrystallized, recovered
material.

(€) This run was on a 1.0 g. mole basis.

CONFIDENTIAL

G« - S-S



o i

CONFIDENTIAL

COMMERCIAL SOLVENTS CCORP.

REFFRPRCES

n —— —— v ———— ——

e ot o,

Report No. Q-9
Page 5

1. C. H. Stempel, R. Cross, and R. Mariella, J. Ar. Chem. Soc. 72, 2299

(1950).

2, T. L. Greshsm, J. Jaasen, and F. Shaver, J. Am. Chem. Soc. 72, 72

(1950).

L. British Patent 626,772.
S. Commsrcial Solvents Reports 0-8, p. 2.

6. D. V. Siclaean, NOL, private communication.

b

CONFIDE

z

- as

3. B. F. Goodrich Chemical Co., privaie communication.




o WP e

B

e i Bt A, 8 b

CONFIDENTIAL

{CMYERCIAL SOLVENTS CORP.

Dept. of the Air Force
Hq. USAF, DCS/D
Washington 25, D.C.
Attn: AFDRD-AN,

Maj. H. R. Schmidt

Commanding General

Wright Air Development Center
Wright~Patterson Air Force BRasa
Ohio

Attn: WCEGH-2

Commanding Ceneral

Wright Air Development Center
Wright-Patterson Air Force Base
Univ

Attn: WCLPN-Z

Commanding Generzl

¥right Air Development Center
Wright-Patierson Air Force Base
Ohio

Attn: WCRRC

Commanding General
Aberdeen Proving Ground
Varyland

Aittn: Ballistic Research laboratories

CRDBG~BLI

Commanding General

Frankford Arsenal

Bridge and Tacony Streets
Philadelphia, Pennsylvania
Attn: Pitman-Dunn Laboratory

Department of thec Army
Office, Chief of Ordnance
Washingten 25, D. C.
Attn: ORDTU

Commatiucasy, o LTS

Office of Ordnance Rese¢arcn
Box CNM

Duke Station

Durham, North Carolina

Commanding Officer
Picatinny Arsensl

Dover, New Jersey

Attn: Livbrary

No. <2
Coples

| o

2

ro

Report No. Q-9

Page 6
No. of

Commanding Ceneral
Redstone Arsenal
Huntsville, Ajabama
Attni Technical Livrary 2
Department of the—Navy
Bureau of Aeronauntics
Washinzion 25; D.2.
Attn: SI-S 1

Vepartment of the Navy
Bureau of Ordnance
Washington 25, D.C.
tin: Ad3, Technical Library 1

Commanding QOfficer

U.S. Naval Air Rocket Test Station
Lake Denmark

Dover, New Jersey

Attn: Technical Library 1

Ccmmanding Officer

U.S. Naval Powder Factory

Indian Head, Maryland

Attn: Research and Development
Department 2

Commander

U.S. Naval Ordnance Laboratory
White Oak

Silver Spring, Maryland

Attns Libracy 1

Commander

U. 8. Naval Ordnance Test Station
Inyokern, China l.ake, California
Attn: Technical Library Branch 3

Department of the Navy

Office of Naval Resear<h
Washington 25, D.C.

Attn: Code 129 3

Commanding Officer

Office of Naval Research

Branch Office

86 East Randolph Street

Chicago 1, Ill4inois

Attn: Lt. M. C. Laug 1

CONFIDENTIAL

e S
T e e e, i -—-—~]

|



> o o A

o

CONFIDENTIAL
COMMERCIAL SOLVENTS CCRP. Report Ne. Q-9
Page 7
No., of No. of
Copies Copies
Commanding Officer Experiment; Iacorporated
Office of Haval Research P. 0. Box 1-T
1030 East Green Stireet Richmond 2, Virginia
Pacsadena 1, California i, Attn; Librarian 1
Bureau of Aeronautics Representatives Hercules Experiment Station
c/o hercjet-General Corporation Wilmington, Delaware
Azuza, California 1 Attne A. ¥. Ball 1
Department of the Navy Director
Bureau of Aeronautics Jet Propulsion Laboratory
Washington 25, D.C. 4800 Dak Grove Drive
Attn: 71D-4 1 Pasadena 3, California 1
Aero jet~General Corporation Arthur D. Little, Inc.
P. 0. Box 296 30 Memorial Drive
Azusa, California Cambridge L2, Mazsacnusetts
Attn: Librarian 2 Attng W. A. Sawyer 1
Allegarny Ballistics Laboratory Arthur D. Little; Inc.
P. 0. Box 210 20 Memorial Drive
Cumberland, Maryland 1 Camoridge L2, Massachusetts
Attn; W. C. Louwrop 1
Armour Research Foundation of
Illinois Institute of Technology Naval Ordnance Research
Technology Center School of Chemistry
Chicago 16, Illinois University of Minnescta
Attns Prcpulsion and Structures Minneapolis 1L, Minnesota
Research; Department M 1 Attn; B. L. Crawford, Jr. 1

Atlantic Research Corporation
812 MNorth Fairfax Streect
Rlexandria, Virginia 1

Bureau of Mines

LBCO Forbes Street

Pittsburgh @3, Pennsylv+nia

Attn: Bxpicsives and Physical
Sciences Division 2

Catholic University of America

7th St. and Michigan Ave., N.E.
Washington 17, D.C.

Attns F. C. Rice 1

E. I. dv Pont cde Nemours & Co.
10th and Market Streets
Wilmington, Delaware
: ¥. F. Jackson 1

3

vuhn

b

Aln %

National Fireworks Ordnance Corp.

West Hanover, Massachusetts
Attn: S. J. Porter

Ohio State University
Research Foundation
Coiumbus 10, Chio
Attn: Larold 3hechter

Phillips Petroleum Company
Bartlesville, Oklahoma
Attn: J. F. Alden

Prcject Squid
Princeton University
Princeton, New Jersey
Attn: Librarisn

CONFIDENTTIAL

v
-

(]

-4

S S




{190 A M R S

o e e o e - e

et s - e e o e o

CONFIDENTIAL

CCUMMERCIAL SOLVENTS CORF.

No. of
Copies
Purdue University
Departinent of Chemistry
Lafeyette, Indiana
Atin, Henry Feuer 1

Rohm and Haas Company

Redstone Arsenal Research Division
Huntsville, Alabama

Attn: Technical Director 1

Solid Propellant Information Agency
Applied Physics Laboratory

The Johns Hopkins University
Silver Spring, Maryland

Attn: P. K. Reily, Jr. 8

Standard 0il Company

Research Department

P. 0. Box 431

Wniting; Indiana

Attn: W. H. Bahlke 1

Thiokol Chemical Corperation
Redstone Arsenal

Hunt.sville, Alabama

Atin: Technical Director 2

Thiokol Chemical Corporation
Elkton Division

Elktor, Maryland

Attn: D. W. Kershner 1

U. 8. Rubber Company
zneral Leboratories
iarket and Scuth Streets
Passaic, New Jersey
Attn: P. 0. Tawney 1

Western Cartridge Company
East Alton, Illincis
Attn: R. L. Womer 1

Reactiocn Motors, Inc.
Rockaway, New Jersey
attn: Librarian 1

Phillips Petroleum Company

P. 0. Box S4&

¥cGregor, Texas

Attn: Librarian, J. Wiss 2

Report No. Q-9

Page 8

oo

No. of
Copies

B. F. Goodrich Company
Research (enter
Brecksville. Chio

Attns Vice Presilsnt/Research 1

Department of the Navy
Bureau of Aeronauti s
Washington 25; D.C.
Attns Aer 12-3

Contents only marked “For

L

British Joint Services Mission®

Department of the Navy
Bureau of Aeronautics
Washington 25, D. C.
Attn: Aer 12-3
Contents only marked "For
Canadian Joint Staff®.

Department of Chemistry
Ohio State University
Cclumbus 10, Ohio

Attn: Elizabeth F. Riley

Explosives Division

Naval Ordnance Laboratory
White Qak

Silver Spring 19, Maryland
Attn: D. V. Sickman

California Institute of Technology

Pasadena, Californie
Attn: E. R. Buchman

General Aniline & Film Corp.
Central Research Laboratory
Easton; Pennsylvania
Attny Joseph W. Iong

Department of Chemistiry
Furdue University
Lafayetiz, Indiana
Attn: G. B. Bachman

Pureau of Ordnance, ReZc
Departiment of the Navy
Washington 25, D. C.
Attn: T. L. Brownyard

1

1

|



)

TR AR @ T T

=

e et B et i

CONFIDENTIAL

COMMERCIAL SOLVENTS CORP.

Lepartment of Chemistry

Ry

F.«

Evar. Research and De .

e i O T

* e
LCPman L Ly Ve

George Washington University 250 ¥ st L3rd Street
Washington, D. C. New ¥ rk 17, New York
Attn: William F. Scger Attz- E. J. Hewitt 1
Department of Chemistry Los /" imos Scientific ! ibeoratory
University of Maryland Los A. wuos, New Mexic.
Coliege Park, Maryland Attn'  Technical Libray 2
Attn:; N. L. Drake
Ethyl orporation

Commanding Officer 1600 % st Eight Mile . 3d
Chemical Corps Chemical and Fernda.: 20

Radiolozical Laboratories Detro:t Michigan
Army Chemical Center, Meryland Attn; oy Sugimoto 1
Attn: Technical Library

CONFIDENTIAL

Y

e S 4 m—



e

UNCLASSIFIED

TN ULASSIFIED




	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018

