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15 April 1955 

Chief of Naval Research 
Department of the Navy 
Washington, 25, D» G« 

Subject: Contract Nonr-285(04) 
Bi-Monthly Progress 
-fccort 

Gentlemen : 

Ws submitting for your inspection and approval 

the eixteenth (lé) Bi-Monthly Progress Report, performed under the sub¬ 

ject contract, for the period 1 Pebruary 1955 - 31 March 1955. 

Very truly yours. 

C-Vohn Ha rohn Happel 
Project Director 
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SUMMAHÏ 

StAidlee were continued on the preparation of divinyl 

iiacetylene, to be used as an additive to JP-4. Several twelve liter 

scale runs were made. The technique of reuse of the catalyst mixture 

was investigated and it was found that while the first and second re¬ 

cycle gave good results, repeated use caused the catalyst mixture to 

deteriorate. An increase in concentration of vinyl acetylene from 50$ 

67$ in toluene, was found to give greater conversion to divinyl 

Hacetylene. 1 six lb. sample of 50$ divinyl diacetylene in toluene 

has boon ser... cxi * *o Reaction Motors for test evaluation. As an in¬ 

hibitor, 0*2$ of p-quinone was added. 

ir 3*1 hydrazine and di propar gyl hydrazine, both 

of potential interest to the JP-4 additive program, were prepared frac 

the corresponding halides and hydrazine. Hypergolicity tests Afable 

showed that di propargyl hydrazine is less hypergolic than triallyl hydra¬ 

zine but about the same order as dimethyl hydrazine. 

The pilot plant to produce methyl divinyl acetylene has con¬ 

tinued in operation. IXxring the two months covered by this report, IO5 

lbs. of methjl divinyl acetylene have been produced and distributed tc 

interested groups far test evaluation. In general,yields of 40-55$ wers 

obtained. The effects of variations in time, temperatura and feed rates 

are explained and summarized in Table II. 
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Since it is believed that a major factor in keeping 

the conversion less than theoretical is the sulfuric acid dehydration 

process, construction of a vapor phase catalytic dehydration unit has 

been started. 

-2- 
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JfrYiiryl 

Experimentation on the preparation of dirinyl di- 

ace^len. to bo used oo an additl™ to J?-4, ha. boon continued. The 

priBary obj«ti,. uu to daralop « largar .o<do preparation to »upply 

the quantities needed for rocket noter te.Ung at RKI. 

The basic reaction ia the use as detailed in pre- 

rious reports, that is the ŒLdatlre coupling of rinyl acetylene in 

cuprous anmonium chloride solution! 

/ 

+ CuClJÏÏ42L 
t^O 

-) C^=CH-C5C-Cu 4 HC1 

OHjaCH-O:^-»! + HC1 + Oj-; CHjxCft-CÏC-CiC-CIfcC^ 

The ructions sere carried out on a 12 liter scale. 

Since previously it had bun found that reuse of the catalyst nintur. 

fru previous batches increased the recovery of organic nstorial fro 

80-85* to 90*, the used catalyst slxture from a previous 12 liter run 

vas esployed in four subsequsnt runs. The catalyst Mature had originally 

been prepared fro. 6 mole, of euprou, chloride, 34 -dee of auoniu. chlor¬ 

ide and 6 liters of water. After each run the catalyst Matura va, ru 

.overed and stored in the freezer at —20°C. 

In the past a 50* solution of vinyl acetylene in 

toluene had been used in these ructions. Ths prounoo of toluen. 

CONFIDENTIAL 



CONFIDENTIAL 
prevented shock d, tons ti on of the product, dieinyl discerne. Ho^ 

CT.r st this dilution, the vi^l sc.tn.ne was not oc^l.tel, coneert« 

to dieinyl disctyl.ne. Therefor, the einyl scetylene conc.ntrstlon 

increased to 67* in toluene. 

These »odifiestions gave significant changes in tna 

course of the reaction. Where.. P-erious run. of this site did not gl« 

complete reaction in an oxygen bubbling time of 4.5 hours, 2 hour, „re 

now sufficient time fen- copiste re.ction when the catalyst i. reus.! 

the first time. The reaction InTolTing a second recycle of the 

catalyst mixture va. complete in 2.5 hour.. In both of these case, . 

steady temperature rise occurred during the reaction up to a rvudmur, of 

cn«r 30^0. 

The third recycling run did not give the expected 

temperature rise and the reaction did not go to copl.tion after a 5 

heur oxygen ^1^ ^ ^ ^ ^ ^ 

Tension but the reaction did not go to completion. 

It was found that a combination of reused catalyst 

and substantially complete cooYersion of Tinyl acetylene to diriiyl 

diacetylene vas accmspanied by emulsification vhich made separation of 

the organic phase difficult. The fourth recycle run gave large quantities 

of emulsion and th. catalyst mlxtur. began to deposit . y.llov solid. 

variations encountered in this series of runs 

are difficult to interpret. (Äviously the catalyst deteriora .ed after 

repeated use, 

-V 
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Another run was triad uaing a fresh catalyst mixture, 

67Í Tisyl acetylene In toluene and a 5.5 hour oaygen hubblin* Uaa. 1M. 

gaae alaoet cíclete reunion wit> no appreciahie aolid ronmtlon or 

eaaxlsificaUono 

Thus it has become apparent that until the exact 

cax.0. of the Variation, in oaUly.t efflei.ne, p. bn«.,. 

reacUon 1. beet nm with . freen or onCe „talyet. No eet ti» 

«h be predicted for the oxygen bubbling period. The addition .hould 

be continued until the organic layer h., a refract!« index of 1.54-1.55, 

at which point the reaction is ccsçilete. 

aie of the hatchee of dlTinyl diacetylene waa worked 

up by distillation to determine how olooeiy the amount of diyinyl di- 

acetyl.ne, eatimeted on the béai, of index of refraction, cohered with 

tb. actual amount obtain«!. It wa. that .n of th. toln.n. which 

originally present In the reaction remained and th. r^nlng org«iie 

material, were . mixture of dlTinyl dlacetylen. Ti^l aoetylmm. 

Calculation, for thU batch lndlo.t«i U5 g of dl- 

Tinyl diacetyl.na was preaent. Actually 92.5 g waa Lola ted. Th. 

difference between obaerred and calculatad My be due to non-addltlTity 

of refractlTe indices, preaenc. of polymer or di.tlll.tion 1 caeca. 
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^ Pi 

A study has been initiated on the synthesis and 

properties of hydraeine derivatives with particular emphasis on pro- 

paigyl hydrazine dorivatives^. k preliminary investigation was made on 

the known reactions between allyl chloride and hydrasins to form mono-, 

di-, and triallyl hydrazine. This was undertaken to determine the type 

°f reaction procedures and isolation techniques which would be necessary 

in the synthesis of propargyl hydrazines from propargyl chloride and 

hydrami ne, 

Allyl hydrazines 

CH2=£H-CH2-C1 4 y 

CH2= CH-CH2-NH-NH2 + (CH2=CH-CH2)2 N-NK2 

4 (CH?=CH2-CH2)2-N-NH-CH2-CH=CH2 4 NH2-CH3CI 

Propargyl hydrazines 

HCEC-CH2CI 4 NH2-NH2 

hc^c—CH2-NH-NH2 4 (hc=c-ch2)2 n-nh2 

(HC=C-CH2)2 N-NH-CH2-CECH 4 NH^MH^Cl 

In these reactions mono, di, and trisubstituted 

derivatives would be expected to form simultaneously. However variation 

of the molar ratios of reagents should favor forwition of one derivative. 

The known procedure for preparing mono—| and diallyl hydrazine requires a 

number of fractional crystallizations to separate the aUylhydrazine 

CONFIDENTIAL 
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hydrochloride a from the byproduct hydrazine hydrochloride. This pre¬ 

paration was abandoned in favor of the method reported for triallyl 

uydra zine . 

In this procedure 2.6 moles of allyl chloride was 

added to a aolutlon of 3.12 molas of hydrazine (951 +) In absolute etluanol 

at a rate sufficient to maintain a moderate reflur. Occasional shaking 

prevented the formation of two layara. After the initial vigorous re¬ 

action had subsided the mixture was warmed on the ateam bath for two 

hou-a. Cooling produced a white solid, hydraslne hydrochloride, which 

was filtered from the solution. The free base, triallyl hydrazine, waa 

liberated from Its hydrochloride by addition of 40í sodium hydroxide. 

-he organic phase was then separated and distilled under reduced pressure. 

Two fractions of triallyl hylrar.lne were taken, b.p. 59°-éi°C and b.p.,, 

t40-65°C. These had th<» same refractive index I.4619. The yield was 43$ 

Dipropargyl hydrazine was then prepared using a 

similar me .hod. The heating period had to be shortened to one hour since 

at this point a color change, believed to be caused by decomposition or 

polymerization, appeared. Dipropargyl nydrazine(b.p. 2 420-52°C}was ob¬ 

tained in 13„8* yield, 1)20 A large quAntity of polyffler vag ^ 

major product of this reaction. At first it was believed that the dipro- 

pargyl hydrazine was actually tripropargyl hydrazine since the tri- 

substituted derivative is formed in the analogous reaction with allyl 

-7- 
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Chlorid«, However, molecular weight determinations by freezing point de¬ 

pression gave an average value of 105, which is in good agreement with 

the molecular weight of dipropargyl hydrazine, 108, 

Dipropargyl hydrazine forma a glassy solid at 

arproximfctely-55eC which begins to crack at -85°C. It is only slightly 

soluble in Jl-4 and its solubility in this material is only slightly in¬ 

creased by addition of toluene, IMn may be due to the fact that the 

dipropargyl hydrazine is present as a cyclic structure. 

TEST EVALUATIOM 

The dipropargyl hydrazine and triallji hydrazine 

vere test evaluated as additives to JP-4. The results are given in the 

following table* 

Table I 

Concound 

Dimethyl Hydrazine 

Dipropargyl Hydrazine 

)ivinyl Diacetylene 

tthyl Dirlnyl Acetylene 

iallyl ffydrazine 

ontrol (JP-4) 

Temperature 

-Bias T,9flt 
Cone, in 

5% 

5% 

Average Temp,, 

rise in 10 

22°C 

23°C 

5% 

5% 

5% 

26°C 

23°C 

23.5°C 

Hypergol!city 

SoTy^nt 

Benzene 
Hexane 

10 
9 

oenzene 
Hexane 

1Û 
insol, 

Benzene 
Hexane 

10+ 
10+ 

20°C 

Benzene 
Hexane 

6 
8 

Benzene 
Hexane 

11 
10 

_I 
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PILOTjLÀNT DEVELCFKE4T WORK 

airing the two Bontha corered by this report, IO5 

pounds of me -hyl i.vinyl acetylene were produced using the equipment de- 

scribed in onr Report No. 175.a». The cond.nsetion reacUon betw«n 

acetone and rin,! acetylene waa carried out on a continuous scale. The 

dehydration of the 2-en.thyl-S-hexene-^yne-ium formed in the cond.ns.Ucn 

* batch y. « c; e rati on using 40Ï sulfuric acid at Rtf-hO’C as 

the dehydrating agent«, 

The resulta of the runa completed during this period 

are summarized in Table II, 

mtta the axcepUon of Run H, the conTerslons are 

constant between 48*and 55*. fhe higher yield of Run H is not fully ex¬ 

plained at the Present time. Otherwise, the constant Talue. of con¬ 

version that were obtained seem to indicate we are obtaining close to 

the maximum conversions that are possible with the process in it. present 

fo™. In the series of run. d.pictod in T.bl, H, the condensation re¬ 

action time was varied from 0.24 to 0.57 hours and th. reacUon temperature 

fr<* 42“to 10O°f without any appreciable effect on the conversions. With 

potassium hydroxide molar excesses of more than 10*, the conver.ion. were 

not affected either. As mentioned in our previous report*, conversion. 

gWhUnlN for 4-/ 

So whet iWaî' " ( Snf fdentiuL ^ ^ *” N°’ 15) ¡ÜBkSUWa fer ^ '4' 

-9- 
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JfcUL. 
Length of ftun hr s 

Acetone Feed Rate moles/hr 

Vinyl Acetylene 
feed Rate 

'Potassium Hydroxide 
Feed Rate 

Condensation Reaction 
Temperature 

Condensation Reaction 
time hra 

.033 

.028 

70-80 

-57 

Weight of Methyl 
Divinyl Acetylene lb. 

Overall \ Conversion 
to MDVA based on 
llmiting reagent 

1 VIII 

2 10.5 
F" 

n.c 

X 

10.9 
ZÃ 

10.6 

in 

10.2 

XIII 

10.0 

XIV 

6.0 

IV 

10.7 

?! .027 I .022 .027 .032 .033 .031 .046 .012 

3 .031 .020 .024 .029 .029 .028 .O42 .011 

.028 1 .036 .O41 ; .050 .046 .O47 .080 .020 

70-80 70-30 70-80 70-80 /0-100 43-45 70-80 

1- 

75-80 

o57| .54 .45 .39 .38 .37 .24 .48 

22.3* 12.2 13.1 15.4 13.8 12.9 12.7 5.3 

48^ J 61% 59. 5 A 0 w
 

V
i 
-
1

 

50.5* / ♦9.4* 54.4* 50.4* 

Plans for the immediate future include determining 

exactly what the minimum reaction time is in the present equipment. The 

8ffect cf hanging the relative proportions of the circulating and non- 

circulating sections of the apparatus will also be inTesUgatad. 

•The product frcm runs 7 and 8 were combined. 

-10- 

CONFIDENTIAL 



Since it is felt that a major factor in keeping the 

conversions lass than theoretical is the sulfuric acid dehydration process, 

construction has started on a vapor phase catalytic dehydration unit for 

the pilov, plant® Initial studies have indicated such a process is ad¬ 

aptable to our operation® It is expected that conversions can be increased 

and that material handling problems can be substantially reduced® 
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