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a 

and 0PerateJpilot-plant«qUipBeñt3^¿^^2itiei in8ta11 
with the development and manufacture of CW agents.U80d ^ connection 

The object of the work summarized in « . 
and operate a process for thickening DMHMdLethvl wa® to,dev«lop 
polymethyl methacrylate (plexiglass) and tn mT! r ^ g with 
thickened DMHP at spécifié ïifcSsiti^ required amounts of 

Sgaults. 

■PP&ratua w.s °T 2-^- 
stability and surveillance tests due8to mois ture Product dur^g 
that I„8 ttan 0.5* voter will cau.“ Ätn/^pjate“’ 

atable and unlf Sm'^rodun ' vas tal PJ“1“«11 1“ a cloeed aya ten, and a 
not be aecompliahed with undlatilled DMHP. 1SS° U l0n °f ^ piexi6laaa could 

nitrooelluloa, (ïj t0T ^^aning DMHP with 
‘*°m ^ fl8. 4, DMHP was thickened vlth’nL?.??!”^”'. í"9 a^PWit 
400 gal. to viscosities Of 2ZO «nH ^ g 883 ^ ^ lots of 1,000 and 
of blended lots were made to within +5*^/3^”^'vlscôai 

Cpnclusiong. 

in lota upw llooo^^ln^tã^ pr«.^7"8“'71 “ttocr3rl*ta (plariglaas) 

product J-be^^ÂoiîS*^ f7 ^ ^ the desire viscosity. »“ooalty adjustnente made to within 5* of 

Hone, since work is continuing on this project. 
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THICKENING OF DMHP WITH POLYMETHYL METHACRYLATE (U) 

I. INTRODUCTION. 

A. Object. 

nain tain, a* ^ 

with the development and manufacture ofCW agente. U88d in connectlon 

aad operate a procee^fw thiSên^DMffTdiüthiï î<>tdeYalop 
polymethyl methacrylate (nlexivla**) .nH hydrogau phoephite) with 
thŒ DMHP .nÎecifÆ ^ ^uired apunte of 

B. Authority. 

, euthorlty for this work was contained 
program, Project 4-92-03-013-02 CW Agent Pilot Plante? 

in th. field f r?)* ftÎTT ntt‘ 01 
nitrocellulose ta. taeí ¡J ¡i 01 "T rith 
DMHP va. thickened to Tiacoaltieitf » 2»%.¿ Í ™ ^ vorlt> 
The results of subsequent field testa with J,0J0<1cp• with nitrocellulose 
(6). Apparently atXh raufof W# not “tiefactory 
the nitrocellulose-thickened material broke "W ^«ts, 
was no greater than withSîthiîkwefDm “î™0™* 00 ^ «round 
.peta, vas „portad to 

apiarent riecosity increase, with lncr«.lng rata.of.iJf . 

thefolloving «rk "•■«in.tlon with high .ta« rate., Ld 

tional proble^^Ä^Ä^Ä““ «"f " ^ opera- 
previously (1) The p*t»> i «.4 étions of the equipsient used 

uo ^d Tru? fb* ^ 
of the polymethyl methacrylate (see fia z) iccelerat9 dieeolution 

rtem va. found to b. .«...tae coild not ta t^f.^ „ 
Discussion). Therefore, the eouim-nt k-h ♦ w ( see section IV, 
lids and blanketed with dry air. * covere<* tight fitting 

CONFIDENTIAL 

1 



CONFIDENTIAL 

Th« ««lection of Rohm and Haas' polymethyl methacrylate, 
plexiglass, 5406 XP-100, was based on the reproducibility of various 
viscosities with agents of interest to the Chemical Corps. Curves shoving 
the relationship between the plexiglass concentration and the viscosity of 
thickened DMHP at various temperatures are plotted in figs. 1 and 2. A 
sample calculation indicating how fig. 1 was use in determining the amounts 
of material required per batch is included in the appendix. 

III. gPERIMEKIAL. 

a. ifcfrrlili Mfl Efluinurt. 

1. Materials. 

a. D. C. Antifoam A, semisolid silicone compound, Dow-Coming 
Corporation. 

b. DMHP (dimethyl hydrogen phosphite). (CH30)2P0H, as supplied 
from Site A. 

c. Dye, FD&G Red No. 32, Oil Red XO, certified food color, 
National Dyes. 

d. Polymethyl methacrylate, Plexiglass, 5406XP-100, manufactured 
by Rohm and Haas Co. 

2. Equipment. 

, a. Balance, solution, 20 -kg. capacity. 

b. Dehumidifier, electrodrier, equipped with l/4-h.p. blower. 

c. Mixer, Lightnin, Mixer Equipment Co., model D-l, shaft 
r.p.m. 393, with l/8-b.p., 1,725-r.p.m. explosion-proof motor. - 

d. Mixer, Lightnin, Mixing Equipment Co., model F. 

e. Tank, stainless steel, 2 gal. 

f. Tank, stainless steel, 1,000 gal. 

g. Tank, stainless steel, 36-in. diam., 39-in. height, 
cylindrical, open top, approximately 160-gal. capacity. 

h. Pump, Bump, sise 16, Bump Pump Co., with 1-h.p. master 
motor, 1,140 r.p.m., procured from Louis M. Borish and Co. 

i. Stopwatch, Elgin timer. 
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j. Scale, platform, 1,000-lb. capacity. 

k. Scale, platform, 100-lb. capacity. 

l. Viscometer, pyrex glass, Ostvald-Cannon-Fenske. 

®. Viscometer, Brookfield, nuLtispeed model LVF, Brookfield 
Engineering Laboratories, Inc. 

B. Procedure. 

1. Bench-Scale Method. 

a. Open System. 

To a 2-gal. stainless-steel tank equipped with a variable-speed 
mixer set at 380 r.p.m. and a heating coil were added 7,306 g, of DMHP and 2.3/S 
by vt. or 172 g. of plexiglass. The reactants were heated to 45°C. and 
agitated for 12 hr., at which time dissolution was complete. The viscosity 
of the batch was then determined with an Oswald-Fenake-Cannon viscometer and 
with a Brookfield viscometer. The thickened DMHP was allowed to stand open 
to the atomsphere for 2 wk. with viscosity determinations being made 
periodically. 

To determine the evaporation rate DMHP, 3|285 g. was heated 
to 45°C« with agitation in an open top 2-gal. stainless-steel tank. The DMHP 
was weighed at 24-hr. intervals, and the approximate rate for evaporation of 
an agitated liquid at 45°C. into still air at room temperature was determined. 

b. Closed System. 

The apparatus described for the open system was modified by 
the addition of a tight fitting lid and the use of a dry-air purge supplied 
just above the liquid level in the tank (fig. 3). The dry air was obtained 
by forcing compressed air through a 24-in. by 1-in. glass tube filled with 
calcium chloride. A bubbler was used to indicate the flow rate of dry air 
into the system. To minimisé evaporation, a very small throughput of air 
was maintained. 

A charge of 10,321 g. of DMHP, 0.2 g. (0.002)() of Antifoam A, 
and 224.6 g. (2.13$) of plexiglass was made. The reactants were agitated for 
12 hr. at 45°C., and then 0.1$ of red dye was added. The thickened DMHP was 
sampled for viscosity determinations and bottled. 

2. Batch Mixing Proceas. 

To thicken DMHP with plexiglass in batches of 100 to 1,000 gal., 
the batch mixing apparatus used for nitrocellulose thickening (l) was adapted 
for use (fig. 4). A 3/4-in. stainless-steel coil 12 ft. long was installed in 
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the mix tank and connected to 20 lb. of steam. A l/2-in. plywood lid was 
fabricated to cover the tank, and a dry-air purge supplied by an electrodrier 
filled with alumina was provided for the mix tank and the blend tank. A heat 
exchanger 4 ft. by 2 in. jacketing the 1-in. recycle line on the blend tank 
was also installed. Steam at 20 lb./sq. in. was circulated through the Jacket. 

DMHP was charged to the mix tank using an overhead chain hoist. 
The liquid level in the tank was used to determine the volume and weight of 
DMHP, The required amount of plexiglass (determined from fig. 2) and 0.002$ of 
Antifoam was charged to the DMHP heated to 45°C. With a slight flow of dry air 
supplied to the surface of the liquid, the reactants were agitated for 12 hr. 
at 383 r.p.m. One hour prior to the end of the mixing cycle 0.1$ of red dye 
was added. This batch was then sampled and transferred to the 1,000-gal. blend 
tank. Depending upon production requirements, subsequent mix-tank batches were 
prepared and blended in the 1,000-gal. tank to a desired uniform viscosity. 
Blending was accomplished by continuous recirculation through a bump pump for 
8 to 16 hr. The final viscosity was adjusted when necessary by adding required 
volumes of thickened or unthickened DMHP to the large lot. The product was 
transferred to 55-gal. stainless-steel drums (40 gal. per drum) for delivery. 

C. Results. 

The results of thickening DMHP with plexiglass are siamarited 
in tables 1 through 4* Table 1 shows the results of one batch prepared in the 
bench-soale open-system apparatus. The data from four batches manufactured in 
the dosed apparatus are given in table 2. The results of two lots produced 
by the batch nixing process are shown in tables 3 and 4* 

IV. DISCUSSION. 

A. Bench-Scale Open System. 

Preliminary work on thickening DMHP with plexiglass was done 
in bench-scale equipment attempting to simulate conditions of the 1,000-gal. 
capacity batch mixing apparatus. 

One batch was prepared with 2.3$ plexiglass in the open top 2-gal. 
tank. At various intervals following the mixing cycle the viscosity was 
measured with a Brookfield viscometer. The viscosities measured 12 hr. after 
mixing by both the Brookfield and the Oatvald-Cannon-Fenske viscometers did 
not agree, and it was concluded that the viscosity of thickened DMHP changes 
with rate of shear. The use of the mechanical Brookfield viscometer was not 
possible, and all other viscosities were measured with the Ostwald-Cannon- 
Fenske viscometer. 

The product was allowed to stand in the reactor open to the 
atmosphere for 2 wk. th> plexiglass began to precipitate after 2 da., and 
after 2 wk. the viscosity of the remaining liquid was 3 op. The proposed 
reasons for the precipitation were that the DMHP was hygroscopic and/or 
seme DMHP had evaporated. To determine the amount of water necessary 
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Batch iiJting Proceag. Lot 2 

Desired 
viscosity 

t 
Previously 

■hi ckened DMHP_ 
DIHP Plexiglasa 

Lot 
size 

Final 
vis COSit} 40 cp. 200 cp. 250 cp. 

cp. 

50 to 60 

£0 to 60 

lb. 

1,200 

lb. 

745 

lb. 

402 

lb. 

2,855 

It. 

58.2 

5.5 

gal. 

400 

400 

cp. 

10 

54 

to precipitate the plexiglass from the thickened DMHP, water vr.s added dropwise 
to a IG-ml. sample prepared in a moisture-free system, less than 1 drop or 0.5$ 
of water was required to precipitate the thickener confirming the orginal 
supposition. 

B. Bench-Scale Closed System. 

To reduce the moisture pick up, dry air was supplied to blanket 
the tank fitted with a close-fitting lid. Three 2-gal. batches were made at 
viscosities of 223, 51 and 1,615 cp. A 12-hr. mixing cycle at 45°C. was 
sufficient for complete dissolution, except for a final batch prepared with 
crude DMHP and 2.13$ plexiglass, in which the plexiglass would not completely 
dissolve. It was therefore concluded that crude DMHP (approx. 80$ pure) could 
not be thickened with the existing process. 

The final viscosities of the three batches were 15$ to 20$ 
lower than the theoretical viscosities determined from the concentration-vis¬ 
cosity curve (fig. l). An error in the curve or variations in the raw materials 
would cause this difference. Since viscosity adjustments could be easily 
accomplished in the batch »^ipg process, no further work was required to study 
the relationship between the plexiglass concentration and the viscosity of 
thickened DMHP. 

Samples of material produced in the closed system were observed 
during storage for 2 wk. The plexiglass did not precipitate, and the product 
seemed stable at a uniform viscosity during the surveillance period. 

C. Batr-h Mixing Process. 

The batch mixing process used for thickening DMHP with nitrr 
cellulose was modified by installing a dry-air supply to the mix and blend 

I tanks. Steam heating coils and a steam-jacket heat exchanger were also 
f added to the system. 
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V. CQHCLUSIONS. 

10 lot. up* 1% Z.XTJZ^1^1 “thiCI7liU 

2. Using a closed system blanketed with dry air « ntuhi* .mir«,« 
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«. . , 6: n conversation with R. Wheeler, Munitions Division 
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AfFPPlI 

SiMMJ ClIf.mjTTnils m DtlBttgHAIlM or BATCH SfECIFICAnOIIS (LOT 2) 

Baals» 400 gal. of thickened DMHP at $0 op. 

400 gal. at 10 Ib./gal. = 4,000 lb. 

$0 cp. = 1,55% plexiglass (fig. 1) 

4,000 lb./0.0135 = 62.0 lb. 

Plexiglass available in 120 gal. of thickened DMHP: 

743 lb. at 200 cp. = 2.05* (fig. l) 

402 lb. at 250 cp. = 2.13* 

743 lb./0.0205 = 15.23 lb. 

402 lb./0.0213 = 6.56 lb. 

total plexiglass = 23.79 lb. 

Hix-Ttok Batch Specif Icatlona» 

Basis» 150 gal. of DMHP with 37 lb. of plexiglar* 

Weiaht and Per Cent Plexiglass» 

62.0 lb. - 23.79 = 38.21 lb. 

37 lb. used to reaain on low side 

* Plexiglass 

37 (100) 

*537 = 2#41* 

Theoretical viscosity of six tank batch 

2.41* = 520 cp. (fig. 1) 

final frgflHrt« 

114 gal. of previously thickened DMHP 

136 gal. of DMHP = 30.6 in. (fig. 6) 
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150 gal. of DMHP thickened with 2.4151 plexiglass 

Final viscosity = 40 cp. 

Adluat—nt nf; Blended Lot to SS cn. i 

400 gal. of thickened DMHP at 50 to 60 cp. 

Plexiglass required i 60 cp. = 1.61$ 

4,000 lb. (0.0161) = 64.4 lb. 

Plexiglass available! 

40 cp. : 1.46$ 

4,000 lb. (0.0146) = 58.4 lb. 

Plexiglass to be added! 

64.4 - 58.4 = 6 lb. 

5.5 lb. plexiglass added 

per cent plexiglass and viscosity 

1.575$ = 55 cp. 
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