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CONFIDENTIAL

OSRD No. 1804
DIVISION 8
NATIONAL DEFENSL RES:isaRCH COMMITTEE
OF THE
OFFICE OF SCIENUTIFIC RESEARCH AND DEVELOPMEIT

Section 8.2

Progress Report on:"The Preparation of Pentaerythritol"
Service Directive 0D-58

-

Endorsement (1) Dr. Ralph Connor, Chief Section 8.2 to
Dr. G, B. Kistiakowsky, Chief Division 8. Forwarding re-

port and noting:

"In connection with the work of Division
8 on 0D-58, it seemed probablc that the
by-products formed with pentaerythritol
might be. important in detormining the
thermal stability of PETN and Pentolite.
The initial research on this work, there-
fore, dealt with methods of preparation
of pentasrythritol and methods for, its
analysis,” Thls report describes these
experiments, which were not, in themselves,
significant but which contributed to the
further study of this subject which has
been reported in OSRD 141l and will be
further described in subscquont reports,™

(2) from Dr. G, B, Kistiakowsky, Chiecf Division
‘8 to Dr, Irvin Stewart, Executive Secretary of the Natlonal
Defense Research Committee., Forwarding rcport and concurring
in_the above endorsement. J 3

This is a final report under Contract 8-194, OEisr 22l with
Columbia University,
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INTROIXIC TION

It has been notioed on several oooasions by those oon=
cerned that the quallty, in partioular the stability, of
PETN and Pentolite is apparently adversely affeoted by the
presence of 1mpur1ti..es in the pentaerythritol used for the
preparation of PETN, Informntion at har.d conoorning the
nature of suoh impuritios, ond tho specific efcht of
1pdividual impuritios 1s scanty and conflicting. The present
report desoribes work directed toward the production of good

quality pontnorythritol by variation in the experimental

" oonditions ond reactions usodes

In availaoblo studi.es.ox.l the proptlzrntil.on of pontao.?y-
‘¢hritol (British go?ort AsCe 117; Org./Ex. 27; NDRO No. B-88;
British R?port, R.D. Woolwioh D. 906; NDRC No. B=171; NDRC
Sorinl No, 86), tho yiold of product has beon arrivod at
by estimation of tho amount presont in solution at tho
ond of tho roaotion and, with but a fow oxcoptions, tho
quality of the produot with rospt?ot to difficultly removablo
py=-products has hod no attontione In tho prosont study
the product has boon 4solatod in a]_.‘l oasos and its purity
doterminod by a varlety of mothods.
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DISCUSIION

Analytical lethods

A number of aralytical methods have been used in the
past for eatimating the purity of pentaorythritol; The
method finally adopted as séandnrd in thia work i1s the so=-oalled
bon:ylide_me xpethpd described in detall in British Report ._A;c;
117; Org./Bx. 27. In ordor to securse satisfactory reproducible
results slight modifications have been nocessary; As finally
worked out, the procedurq i.l.s a8 tollov‘vs: .
A sample of between 9.4800 and 05200 g, of pentaerythrito.l
(Notg I) in a 125 ml, Erlenmeyer flask is dissolved in
5 ml, of wator by -m, and the solution is cmoled
to room temperatﬁre. To this solution is pipetted
10 ml, of a solution made up by ‘dissolving 20 rnl. of
froshly distilloed benzaldehydo in 100 ml; of 87%
aloohol (9.2 mls of water added to 100 l.nl;IQSZ aloohol)

and 20 ml. of hydrochlorio acid, sp. 8rs 1le18 (22.5 ml,
of wator added to 100 ml, of hydrochlorio aoid, spe. gre

l.19, This roagen:b was made up fresh evory seoond day,

- Within a fow minutos, the_benzylidono derivativoe of
pontaerythritol separates, Tho tightly stopperod flask
is allowod to stand for four hours (Note 2) at room
temperaturo with octl:asional shnkins; To tho crystal mush
is thon added 30 mle of potroloum othor (Skelly Solve B}
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and the mixtuwro 4s shaken vOry vigorously by honde

Tho tomporaturo of tho mixture 1s thon vrought to

260+1° (Noto 3) and tho prooipitato of ponzylidono
dorivativo is f£1ltorzGa by suction on o tareq. frittod
glass Goooh oruoiblo o.nd. waohod with 150 ml, of watoXls
Aftor arying for 1 hr. nt 95° tho procipitato 43 wolghod.

From tho woight of tho bonzylidono compound tho woight
of pontaorythritol 13 oaloulntod with tho aold of tho
groph shown 1n Pigurc 1, (Note 4) and tho p?rcont ol
pontaorythrito]l. in tho s?mplo 18 oaloulatode Tho
r.xocuraoy 13 #0.4 porconte
Noto 1. It has boon found that Af tho am.nplo token bo outaido
this rango, variablo rosults oro obtainode
Noto 2, Four hours %s tho minimum timo roquired to give
sntisrslxctory rosults,
;I_g_gg_g. It is 1mpoz.'tant that tho procipitato bo filtorod
at this.tomporaturo. Deviations thorofrom givo variablo
rosults. Chilling tho orystal mmush to 0° in ioo as has
boon rooomondod by Wolfrom hag boon found to lead to
voriablo rosults, ocusod apparontly by varying timo of
£iltration from dotormination to dotormination; In oasos of
slow filtration, tho ohilled solutlon warms up; This loads
to low rosul_l.ts by virtue of jncroasod solubility of tho

prooipitato. Since an arbitrory ompiric.".ll corrvoction for
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solubility is applied, it is therefore important to filter
at tho‘uml temperature oonsistently.
Note 4, This ourve_d:!.ffers san.ewhat.z from a similar one given
in British Report A,C. 117; Org./Ex. 27, and has boen_obtained
by repeated analyses of mixtures of known oomposition,

The above procoduro has_beon usod in somo 200 determinae
tions, all dono 13.1 duplicates Tho results aro within the

1limit given abdva,

Prior to the andoption of tho benzylidonc method an

)
attompt was made to apply a conductanetioc mothod bnsed on tho
roport of Boosoken (Rec. Trave Chim, 30, 400 (1911); Bor,

46, 2619 (1913) ) that dlpontaorythrityl othor doos not
inoroaso tho oconductivity of a solution of boric acld whoroas

pontaorythritcl doos to a throo or four fold oxtont, 1In
soveral oxporimonts, no significant difforonce in conductivity
of borio aold OO\llld bo notod on addition of oithor of tho
abovo subatanoos,

Wo havo also usod tho toat nitration anssay mothod and tho
syont aoid stapility mothod supplicd by the DuPont Company
in a fow oasos, In this mothod tho ylold and molting peint
of PETN 1s dotorminod ?.ftor a standard nitration and '

purification proocoduro. Tho spont acid 1s hoatod at 60° G,
and tho time to tho appoaranco of gas bubblos on tho walls

’
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of tho tuvo 1s noteds Tho procodurc is as follows}
Ton groms of finoly powderod pontaorythritol is
addod to 46,8 g, of 95% whito nitrio acid at suoh a

rate that tho tomporaturo doos not oxoood 320 C, '
with gooad stirring; Exi.:ornal oooling is noocossarye.
This takos about 10 min. Tho mixturo 1s thon stirroad
for an additional 10 min., coolod to 209, filtorod
on a sini,:orod glass funnol nnad suckod as 4Ary as
possiblo. Tho §pont aold is troatod as

dosoribod bolow. Tho PETN is-washod on tho funnel

with two portions of wator, onoo with 5% sodium
oarbonato solution and finally with watore. Tho orudo

PRTN i3 dissolvod in hot acotono (about 100 ml,) and

0+6 go 0f anhydrous sodium oarbonato is addod. Whilo
still hot, 3 volumes of wntor aro sprayod in to the
woll stirrod aocotono solution., Aftor oooling to

20°, tho PETN is oolloctod and driod in a dosiocoator.

'I'I_:o yiold and molting point aro dotorminod,
Tho volums of spont acid is dotormined and 65 ml,

aro withdrawn, plaocod in a tost tube and hoatod in
a boakor of wator at 60°:1°.. Tho timo in minutes
to tho appoaranoo of gas bubblos on tho walls of tho
tubo 1s notod.
Tho romnind?r of tho spont obi.d ia drowned in
4 volumos of loa, Aftor standing, tho somowhat gummy
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precipitate is filtered on-a tared fritted glul.
Gooch orucible, dried in a &ouocatnr and yoighed.
The oomparative results of analyses of a number
of samples of pontaorythritol by tho three methods
are givon in Tablo I, in which tho samplos inoludo
synthotic mixturos, a commorcinl product suppliod dy
DuPont, and sovoral lal.)oratory batchos which aro
jdentifiod in Tablo II, It appoars that somo inoon-
sistonoios botwoon tho mothods oxist, from vhich we

foel that tho benzylidono mothod gives the only
acourato indication of the porcontago of pontaorythritol

"4n a givon samplo. On tho othor hand, tho spont acid
stability may bo dooidodly mialoadng (comparo Run 19a
- with PE=A1PE containing 5% of di-PE), Likowiso, tho
rosiduo obtainod on drowning tho spont nold appoars to
bo wvariablo and 1is posaib?.y influoneod by tho nature
of tho impuritios proaont,
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Pontaory=-
thritol
Usod

Te

Tablo Ie

Yiold M.Pa
of of
rocry- PETN

stal
PETN
(in
points)

Spont Spont
Acld Aeld
Stabil- Rosiduo
ity in (% of
min, PE
usod)

Synthotic 252-40

mixturo
contgs 5%
di‘PE.

Ditto ° 231=-40

contge

10%

di-PE

Run 20
Run 19a

246-520
258-61°
Niacot 255-80
Chom, Co.

Lot Noe

300370

Nitrated at
Ropauno to
. PETN Lot

No, 891,

Run 14 256-8°

Run 21
LFH No, 2 256=80

236-480

227 13945-141,40
139=141,5°

159.8-141.2°
140,3-141,3°
140,8-1420

140,2=-1410
140-1410
<1394 5=1400

25,0 4,6




8.
BXPIRIMENTS ON THE PREPARATION OF PENTAERYTHRITOL

A large numbor of cxporimonts have boen porformod in order
tc ascortain tho offoct of tho following variablos cen tho quality
of tho PE producod: Opdor of addition of roactants, 1.0.,
aldohydos to lirmo or 1limo to aldohydos; uso of calecium oxidc
..vs; co.l&ium hydroxido; uso of acotaldehydo as such or as aldel
or crotonic aldohydo; use of formaldohydo as fornalin or
parafermaldohydo; influonco of tho so-callod "socond reaotion”
and tho tirw olapsod aftor tho onasot of tho “goccnd roaction"
boforo noutralization of tho roaction nixturo,

In all casos tho mothod of werking up tho roaotion mixturo
and of 1solating tho preduct was the same: Sulfurliec acid
cqui.v::loht te 96 porcont of tho c?.lcium prosont was addod to
tho well-stirrod roaction mixturcs JAftor filtration and thorecugh
wo.shin_g of tho procipitatod calciun snlts, tho filtrato was
concontratod undor roducod prosswoe until oxcossivo mnpin_g
oauscd by soparation of PE provontod furthor conoentration,

Aftor rofrigoration, tho PE was filtorod off and the filtrato
furthor conoent'x‘-o.tod until tho final voluro was about 4 porcont

of ‘tho original, A socond crop of PE was rorovod and conbdinod

with tho firste Tho orude PE was rocrystallizocd onoo fron tho
ninii:nm amount of bolling wator with uso of dooeclorizing carbon.
Yiold, onalysos and othor data were token on this cneo roorystallized

natorial excopt as notcd..




In all r»uns ths @roportions of reaotants were kept .
oonstant and in the ratio of 65,6 mols of formaldehyde, 1

mol of aoetaldehyde and 0,6 mols of 1lims in 1,5 L., of water,
In oases where formalin was used tho formaldehyde content
was determined; when paraformaldehyde was used, it was assumed
to be equivalent to 100 percent formaldehyde; aldol and
orotonio aldehyde vere assumed to be equivalent to 100
percent uc?taldehydo. The runs were of threo s:l:eg s those
through No, 17 except.: No. 14 boix.zg dono 1n.3200 oo, of water,
from 18 to 25 and Noe 14 in 10 L. of water, In order to get
a line on a still largor sizod run, No, 26 was done in 52 L,
of wator,

Tm_rosults of a numbor of typloal runs aro shown in
Table IXI, P rofers to paraformaddohyde, F to formalin,

Ac to aocotaldehyde, Al to aldol and Cr to orotonio aldehyde,

Commonts
* .
1l. Order of addition of roaotants: It appears from Runs

20 and 21 that addition of tho mixod aldehydes to the limo
water rosults in a samewhat highor yilola oi:‘ PE, but that tho
quul:l.t'y of tho product 1s.dofinitoly lower,.

2, Caloium oxldo vs. oaloium hydroxide: In all oasos
finoly powderod limo_ was usod, so that 1t presumably hydrated
lubsto.ntiully_instantaneoully; No satudy of the uso of lump
lime was made.




10,
s Acotaldohyde vs. aldol vs, crctonio aldehydoz All throe

give 3ood quallty E although tho viold cbtained with nroteale

aldepyde is mcrkodiy loss than with asotaldoiydo or aldol.

For convonionco %a handlinz, aldol is mich %n bto prcforsrod,

4, Faraformaidehydic cr forpalir: Without further werk

this pcint onnnot bo ansvored dofinitoly, although toatatively
4t oan bo said that fou difforencos grico from tho vso ¢f ono
or tho othor with ros'?uct to q1ality. Who yiold ic Lakror
with paraformaldohydos .

Howovor, the uso of paraformaldehydo doos'prosom: ono
striking advantago from a practical point of viow. Apparontly
tho dopolymorization of paraformaldehydo is acoomponicd by
considorablo absorption of hoat, whioh roduoos moterially
1f not complotoly tho rofrigorgtion rogquirod to oontrol tho
roacticn whon formalin 1s_usod. This is brought .cut by the
dotails of Runs 22 and 23, In both casos tho roaction was
carriod out in a 2&2-%. Pyrox procipitating jar, tho mixturo
boing woll stirrod mochanically and a ocil of coppor t\lxbing
was uscd fcr‘tomporuturo ccntrgl whon ncoossarye 10 L. of
wator, 288 g. of aldol, 1080 g of purnfgmuldohydo (or an
oquivalc.mtl: amount cf formalin) and 246 g, of oalcium oxido
sicre uscd. E'Eho 1ime was addod tc tho mixod aldohydes grpdually

as indicated,




Tiro in mine Tomp.
- Run 22

27° addition of limo
startod

23 27
24 30
27 33
35 42
43 e
46.-(111:10 nll in) 18
48,5 60,5

4863 51 ~(1limo all in)
e 59

§3 - 2nd roaction 62 -« 2nd roaction owvor
ovor addod addod H.SO

112804 2 4

IF i3 obvious that a rmech Jlowor tompornturo provalled in
Run 22, Whilo no cooling was nocossary in i thor run, on o
larger scalo a run similar to Run 23 would pxobably roquiro
cooling; In Run 26, givon in Aotall bolow, hoating was nocossary
in ordor to raiso‘tho tormporaturo sufficlontly for tho soccond

roaction to start.

Run Nos 26

Since this was tho largest run attorptod and can bo oxxpoctod

to givo somo idoa o what can bo oxpoectod on o still largor scalo,
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12,

tho rocord is givon Ir. dotail,
Tho vossol was a 25 gale. crock oquipped with good mochanical

—

agitation and a coppor cvil for cooling or hoating,. =

Matorials: &2 T, wator
555C g parnforminldaoihyydo
1500 g aldol {tochnlenl) 0
1379 Z. ealciun oxido, powdorod C.P,

Tho 1lirio was addod gradually to tho slurry of aldohydos.

Timo in lin,. Torp. Roanrks
0 220 Start adding liro,
5 20

10 21 All paraforn had dissolved
loaving n cloar solution,

20 23
30 23
40 ' 26
50 31

60 36
70 40 limo all in;
"5 41 Stoam put through ooil;
90 49 Stoan turnod off;
50 Socond roaction stnrtod;
53

&85

Stoppod by adding H2804.

\
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13,

Tho filtrato from tho calciun salts was worked up as
doscribod abovo, oxcori that bocmge of o amount of matorial
1t was nocessary to conasc:rato in batehcs. Tho yleld of not

rocrystallizod natoriii ora 2850 5. or €% yarcont. This was

rocrystallizod fron 8 L. ¢ uator feiiinyg 1523 g. of PE which

moltod at 2568~9° and nineyut 96455, Fac  maskor liquors woro
concontratod and gavo 824 4. rtoro PL which :ultod at 248-540
and assayod 91%. 4 third ~rop of navorinl -witing at 228°

and woighing 450 8s Wwas ob.alnod on ‘urthox concontration of

tho mothor liquors.

5, Tho "socond roaction": It appears %c © guito

dofinitoly ostablishod that unloss tho socend roaction tikos plo.cuf
tho quality of tho PE suffors vory groatly and tho ylold docroasoss
While tho choristry involved in tho socond roaction is obscuro,

tho fact romains that in no caso whoro the socond roaction was

not allowod to tako placo, was a satisfactory product obtalnod,

It is rocormionded that, 1if opportuni;y prosonts 1tsolf, a dotailod
study of this roaction bo undortakon.

Tho tirw olapsod aftor tho onso% of tho socond roaction
until working up appoars to bo relativoly unimporta:t; Tho
roaction is charactorized by a suddon riso in tormporaturo followod
shortly by tho dovolopumont of a yollow color in tho roaction mixtuzc.
It makos little difforonco whothor tho roaction_is workod up a

fow minutos lator or as rmch as two hours lator,
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Notos to Tablo II
-——-—_—.—-———

1. Crude produot 'was sliriy and could not bo roadily’
roorystdlizod. Ylold was dotorminod in solution,

2, Hydrochloric acld usad to noutralizo instead of sulfuric.

3. Twico usual concontration of all roactanta,

Matorial fron Run 19 roerystallizod a socond tiroe
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hyde and crotonic aldehyde for ease of handling, and the yield obtained with acetaldehyde and

aldol is greater than that obtained with crotonic aldehyde, The yield was found to be greater

with paraformaldehyde than formalin although there were few differences with respect to quality.
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