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I . SUM MARY

A stable capsule containing Oxalu.me has been developed using

• a mixture of paraffin wax and an ethylene-vinyl acetate copolymer as

the shell material. Dusting the capsules with either finely powdered

sodium acetate or poly(vinyl alcohol) activates the capsules so tha t

the Oxalum e will chern iluminesce when the capsules are crushed .

The sodium acetate is the more potent activator , but the poly(vinyl

alcohol) produces a more stabl e system .
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U . INTRODUCTION

Five years  ago , Southwe st Research  Institute developed a

stable capsul e of TMA E for the Office of Na val Research .  This

material  chern iluminesces on exposure to air , and the shell material ,

a mixture of calcium alginate and poly(vinyl alcohol), is sufficiently

impe rmeable to oxygen that  the encapsulated material  is still active

af ter  storage in air for five yea r s .

Since the development of TMA E capsule s , another chernilum-

inescent material , Oxalume , which is a more efficient light emitter

has  been developed and chern iluminesces when it contacts an alkaline

surface .

The objective of this research progra~-n was to develop stable

Oxalurn e capsule s which could be treated in such a way that

chemiluminescence would occur on crushing the capsules.
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Il . EXPERIMENTAL

A.  Encapsulation Equipment

• In this study, most of the capsules were prepared with the two-

or i f ice  centr ifugal  device with one orifice plugged to aid in de te rmin ing

operating conditions while min imiz ing  requirements of Oxalurne.

Formation of capsules with this  equi pment is shown in Figure 1 .

Figure 2 presents  a schematic of thi s device along with a descript ion

of its operation.

The encapsulation head is stainless steel and was passivated

pr ior to use by treatment with 5% nitric acid for 16-20 hours  with

• subsequent rinsing with deionized water and drying . To minimize

possible contamination of the Oxalume with metal ions , a plastic syringe

pump was utilized for pum ping thi s material through Teflon tubing to

the encapsulation head . A Zenith gear pum p was used to pump the shell

material throug h 1/4” stainless steel lines to the encapsulating head .

The inner stainless steel orifice (No . 7960 fluid cap) was 20 mils

(0.5 mm) in diameter , the outer orifice (No . 7959 air cap) was 40 mils

(1 mm) in diameter , and a 15-mil (0.38 mm) spacer was used to

separate the fluid and air caps. The assembly is a Spraying Systems

Co. air atomizing nozzle , and the numbers in parentheses are part

numbers .

• • •
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c E N ’r k l F t c ;A L .  E X T R U S I O N  DEV ICE

ii.- e ”. t r i I n g d i  ex t r us i o n  di’ . ut -  wa t  dcv~ loped by Sout hwest Research  Institute to provide

o g- . ~r i I f . ... hon ~apa i it y ut . ps ii.’ a of uniforni qualIty

i c c . on.’ c n n ~ igurat ion of which ~s show n in the schematic drawing, Con s is t s  of a

rotat i n ,~ ‘ ..‘~id v~~i & s  ii m i  m i r p o r a t e s  plurali ty  of nozzles which are  di rec ted radiall y outwar d from thc.

x i s  01 r • t . i i m o r ,  ‘I he c a p s . l e  fill,’ r is pumped into the inner chamber and flows through tubes w hm I.

p r~~~.’ I - 1 i c  ices  l o c a t , - ~ ~~~~ut the per iphery of the head The fluid shell formulat ion is pumped

.n1 li t’ . . ,,rt .mriu l lov. s I h r ~~ .g h h. annult formed by the ori f i ces  and f i l ler  tub. 3 in ef fec t , this

c” . Is in I to’  xl  r’~ s on 01 f l - .,d rod s of f i ller encased in sheaths of fluid shell formulation, Thesn

• r~ - ’ t s  s ’~hse q~.i’ntI y b reak  rita individual fluid ca psules , the shel ls of wh ich  a re  hardened by appro-

pria . i,-a~~s

r~. ~ tt- chii m qu e ~f encapsulat ion o f f e r s  s ev e r a l  advantages over  other tec hniques. In addit iur

t o - s i i t  rig ~s i.igh product ion ra te , the cen t r i f uga l  extrusion devu e me capable of handling both f i l lers

a n t  s h e l l  : u c r t , l a tior i s  of re at m~ el y high vo la t i l i t y  without loss of vapors.  A further advantage lies in

the fa t that t~ ,,’ two s t r eam s  do not contact one another until the point of encapsulation , and thus , in

some c a s e s  • it is poss ible to handle fi l ler and shell formulations which are essentially miscible.

Finall~~, r’ . ! r t t  ~~a I f o r c e  exe r te d on the extruded materials is util ized to influence capsule s i z e .

A wide range of caps ’ i le  s izes may be produced with this dev ice , and shell hardening may be

acco mp lis~~eri by chemica l  reac t ion , solvent ex t rac t ion , solvent evaporat ion , cooling , or combination

of these let hniq t ’s
Filter

1~ __________

“
~~ Fluid Shell

__

I , 
~IT

i./ 69
Figure 2.
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When onl y a limited quant i ty  of Oxalum e was available, the

• grav i ty  ext rus ion device was utilized . Encapsulation with this

device is simila r to that of the centr i fugal  device . The orifice is

used in a ver t ical  position , and capsules are formed unde r gravitational

f o r c e  instead of centr i fugal  f o r c e .

B .  Aqueous  Shell Systems

Aqueous shell system s are normall y utili z ed for encapsulating

mate r ials , such as Oxalurne , whic h :are insolubl e in water , Dibuty l

phthalate is the p re fe r r ed  solvent for  the preparat ion of Oxalurne ,

and the initial encapsulation studies were  made utilizing this solvent

to conserve on Oxa lume. Sa t i s fac tory  capsules (Table 1) were  prepared

from this material . An al ternate  solvent (3-meth yl-3-pentanol)  was

also investigated and found d i f f icu l t  to encapsulate in the shell systems

evaluated (Table 2).

Capsules prepared from shell systems containing sodium

alg iriate or sodium polypectate are  received in a bath containing

calcium ions to gel the shells by conversion to the calcium salt . The

gelled capsules are then rinsed with deionized water and dried in a

fluidized bed dryer using air which is sli ghtly above room temperature.

Capsules prepared from shells which do not contain a chemical hardening

• agent were  caught in hydrophobic starch and then dried in the fluidized

bed d rye r .

1” - ‘~
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I ~lI[.l’. I. ENCAPSULATION OF DIBUTYL PHTHALATF
(CENTRIFUOAL EXTRUSION t)EVI(’E)

Rimim Theoretical Size, ‘

NI Shell Solution. Payload, % Comment

4.0 Cecalgine TBV sodium 76 <1190 capsules made well. No diliuculties.
alginate 5 percent calcium chloride hardening

4.0 l’:lvanol 90-50 PVA bath.
92 0 Wai~ r

0.1 Tergitul noniunic ‘rMN-6
sur IactS flt sdded

I .~I4 4,0 ( c ’salgine TBV sodium 74 <1190 Capsules made well. No difficulties.
alf Inate 5 percent calcium chloride hardening

6.0 l-.lvanol 90-50 PVA bath ,
900 V.-~mt e r

(8 I ‘lergitol noni~ iiiC ‘rMN-6
surt ’actant added

l ’2C 2.0 (‘cea lgine THV sodium 74 <1191) Capsules made well, but many o
algi nat e the capsules were lost upon drying

8 0 l’.ls~inil 91)- SO PVA due to agglomeration . 5 percent
‘)0,O ~ j tcr  ca lcium chloride hardening bath.

i) I fcreit i’ I ii nionic l’MN-6
sO rt  ,ictant added

1-21) 4 .0 (‘csa lm~mnc IBV sodium 76 <1190 Capsules made well. No difficulties.
at f lnate 5 percent calcium chloride hardening

4 13 (,elvatul 300’) PVA bath,
• 92.0 W ater

0. 1 rergltitl nonionic TMN-6
stmrfj tjnt added

1- 2!-. 4.0 ( ecalgine Thy sodium 74 <1191) Capsules made well. No difficulties,
a lginate 5 percent calcium chloride hardening

6.0 Gelva t m il 3000 PV ..~ bath.
90.0 W ,mter
8). I Tergi tol nm ni nt~ TM N’6

surlact ,mnt added

I ~2l- 2.0 (‘eca lg,ne TBV sodium 74 <1190 capsules made well, but many of
alginaIc the capsules were lost upon drying

8.0 Gelvatol 3000 PVA due to agglomeration. 5 percent
90 0 Water calcium chloride hardening bath.

0.1 Tergitol rIonionic TMN-6
surfactant added

—_______ • ~~~~~~~~~~~~~~~~~~~ ~~~~.. - — - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ A
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TAIILI-. 2. ENCAPSULATION OF 3-METIIYL•3-PENTANOL
(CENTRIFUGAL EXTRUSION DEVI(’E)

Run Theoretical
No. SheU Solution, % Payload, % ( munment

l-3A 4.1) (‘ecalg ine TBV sodium 76 Capsules made iaurl i  aell, bui
algi nat e capsule s lust till or. iIt~ tic

4 .0 Elvani,l 90-50 PVA 5-percent calcium chlorIde l, . ,t i i
92.0 Water

0.1 Tergitol nonionic TMN-6
surlactat it added

1-38 4.0 (‘ec.ml gurue 1’HV sodium 74 Capsules rriade Ialrly well , l i t
alg lnate OI I)S UIC% lost till i Ii~ m i . ’

6.0 Elvanmil 90-50 PVA 5-percent ill uuii ~hI mride I
90.0 W ater
U I Ter gitmtl rtonioniC TMN-6

surt. ,c ta nt added

2.0 (c ~,mIgm ne TBV sodium 74 Capsules made laur ly ael l. -u
,m lgmn,ulc capsules l,,st till ‘in drying

8.0 I Iva n . ‘I 90-50 PVA 5-percent c j L i ’ ,i i i chloride hat li
90.1, V,~ tcr

0.1 Tcryiti l nonionlc TMN-6
s ur lacta nt added

I-3D 4 8) ( ci .mlg i i me -l ltV sodium 76 N capsules were made. 5-percent
.ilg iflat c calcium chloride bath.

4.0 Gclsa t ,I 3001) PVA
92.1) ~‘, . iter

8j I l’crgm t i l nonlunic ‘I ~I N-b
surf ictafli added

l-3F. 4.0 ( ‘itci lt inc TIIV sodium 74 No capsules were made. 5-percent
algm nate ~~lcium chloride bath.

6.0 ( ; c lsat ,I 3000 PVA
90.0 Water

0.1 rergilol nonionic TMN-6
surfactant added

l-3F 2.0 Cecalgine TBV sodium 74 No capsules we uc .i’ ade, 5-percen t

alginate calcium chloride bath.
8.0 Gelvato l 3000 PVA

90.0 Water
0.1 Tergitol mionionic TMN-6

surfactant added

1-10 4.0 Sodium polypectate 80 No capsu~,a were made. S’percenl
2.0 Gelatin U’Cop-Co 150 calcium chloride bath,

Bloom
94.0 Water

0.1 Zonyl l’SN surfsctant added
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Capsules of Oxalurn e (dibutyl phthalate solvent) were readil y

prepared (Table 3). Alginate-poly(vinyl alcohol) mixtures were used

in run num bers 1-4A and 1-4B , and a mixture of carrageenan and

poly(vinyl alcohol) was used as the shell in run number 1-4C.  A

sodium polypectate-gelatin mixture was utilized in Run No. 1 -9 .

The capsules having alginate in the shell were inactive on dry ing .

Those having polypectate-gelatin shell s did not retain the filling .

The dried capsules prepared from the carr ageenan-pol y(vinyl alcohol)

mixture glowed bri ghtly in the dark and lost all activity after one day.

A number of potential shell and othe r materials which would

contact the Oxalume during encapsulation were checked for corn-

patibility with Oxalume . The results are presented in Table 4. All

of the poly(vinyl alcohol) s were good activators and caused the

Oxalum e to cherniluminesce . The nonionic surfacts were also activators.

T1~ types clshell materials showing the least amount of activation

were investigated further . in some caaes ,the hardening bath was

made acidic , and in other cases , the shell solution was acidified

(Tables 5 and 6). None of the capsules remained active after approximately

one day . Elimination of the hardening bath by utilizing Dry- Flo (a

hydrophobic starch) to collect the capsules , did not produce satisfactory

capsules.

Further checks on the effect of activity loss by ma terial s

which are known to contact Oxalum e or may be present as impurities

-

- - 5 - ~~~~~~~~~~~~~~
’-
~~~~~~~~~~~~ ~~ -~A 
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TABLE 3. ENCAPSULATION OF OXALUME
(CENTRIFUGAL EXTRUSION DEVICE)

Run Theoretical Size,
No. Shell Solution, % Payload , ~ Comment

I-4 A 4.0 Ceealgine nW sodium 75.7 <1190 Capsules made well. No dilfmculimcs .
algimute (actual) 5-percent calcium chloride hardening

4.0 Elvanol 90-50 PVA bath.
92.0 Water
0.1 Tergitol nonionic TMN-6

sur factant added

1-4 11 3.0 Cecalgine TB\ sodium 74.1 <1190 Capsule s made well. No difficulties.
‘ alginate (actual) 5.percent calcium chloride hardening

7M Elva no l 90-50 PVA bath,
90.0 Water
0.1 Tergitol nonionic TMN-6

surfactant added

I-4 C 1.2 Gelcarin GH carrageenan 61.4 <1410 Capsules made well. No difficulties.
8.8 Elvanol 90-50 PVA (actual) Caught in Dry-Flo , a hydrophobic

90.0 Water starch.
0.1 Tergitol nonionic TMN-6

surfactant added

1-9 3.0 Sodium polypectate 80 — Capsules made fairly well, hut
3.0 Gelatin U-Cop-Co 150 Bloom capsules lost fill on drying.

94.0 Water 5.percent calcium chloride bath.
• 0.1 Zumnyl FSN surfactant added

_ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ..,



TABLE 4. COMPATIBILITY OF VARIOUS MATI-.KIALS Wl’Ill OXAI. ( ‘MI

Met/mod al Testing The Oxalume lees dropped 0,8w ihi’
material being s-xa,nined in a darkcne-d rown.

Materials Comment

• Gelcarin GH carageenan SortIe reac t imu n occurred .

cecalgine 18V sodium alginate S usie react iuun occurred,

Elvanol 90-SO poly (vinyl alcohol) Good activator.

Elvanol 70-OS poly (vinyl alcohol) Gmmi,d activitor .

Elvanol 7 1-30 poly (vinyl alcohol) Good activator.

Gelvatol 20-60 poly (vinyl alcohol) (;i,od activator.

Gelvatol 3000 poly (vinyl alcohol) Good ac t iv at or.

Gelatin U-Cop-Co 150 Bloom No reaction.

Sodium polypectate No reaction.

Tergitol nonionic TMN-6 surfactant Good activator.

Tergitol nonionic TMN-l0 surlaclant Good activator.

Triton X-1O() nonionic surfactant Good activator.

Zonyl FSN surfactant No reaction.

5 percent CaC12 aqueous solution (tech. grade) Good activator.

5 percent calcium acetate aqueous solution (CP grade) No reaction.

Tygon tubing Very slight reaction occurred.

Silastic tubing Very slight reaction occurred.

Teflon tubing No reaction.

Buns N 0-sing seals No reaction.

Silicone 0-ring Very slight reaction.

Fiber gasket (nozzle) No reaction.

Metal tip of syringe Very alight reaction.

I

L . .~ 
_ _  ______

~
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TABLE 5. ENCAPSULATION OF OXALUMI-
(CENTRIFUGA L EXTRUSION DEVICE)

(CAPSULE SIZE <1190 MICRONS)

Run Theoretical
No. Shell Solution, % Payload , ‘I; (‘uumments

1-12 4.0 Celcagine ISV sodium 78.) Bath 5-percent (aCl5 pH —6) with
algina te 0.1-per c ent Zonyl FSN added.

3.0 (i-Cop-Co ISO Bloom (‘apsules had no activity wet or dry.
type A gelatin

93.0 W ater
( .l Zonyl FSN surfactant

added

1-1 3 Saut e 78.1 Bath — 10-percent calcium aceta t e
(p11 — 6 )  with 0.1-percent Z’mnyl
I-SN. (a psules had no activity wet
or dry.

l- 14A 1.2 Gelcarin GIl 76.2 Shell temperature I lO~F. Capsules
carrageenan caught in Dry-Ho starch. Capsules

8.8 Gelatin (Atlantic) had activity Iuu r about 2 hours after
ty pe B gelatin 175 Bloom drying.

90.0 Water

l-14B 20.0 U-Cop-Co 300 Blomum 61.6 Shell temperature I l0~I- . Capsules
type A gelatin caught in Dry-Flu starch. Capsules

80.0 Water had no activity wet or dry.

l- l4( 4 .0 Cecalgine TBV 82- I Bath —10-percent calcium acetate.
sodium alginate Capsules had activity for about two

3.0 Gelatin (Atlantic) hours after drying.
175 Bloom type B

93.0 Water

1-141) 4.0 Cecalgine TBV sodium 82.1 Bath - 10-percent calcium acetate.
alginate Capsules had no activity wet or dry .

3.0 U-Cop-Co ISO Bloom
type A gelatin

93.0 Water

1-14 1- 1.2 Gelcarin GH — Shell materials not compatible.
carrageeflan

8.8 U.Cop-Co 150 Bloom
type A gelatin

90.0 Water

I-IS 25.0 Gelatin (Atlantic) 61.6 Shell temperature I 10SF. Capsules
175 Bloom type B in Dry-Flo starch. Capsules glowed

75.0 Water in dark when dry and rcmained
active for about I day.

I

j
L.~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
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TABLE 6. ENCAPSULATION OF OXALUME
(GRAVIT Y EXTRUSION DEVICE)

Run
No. Shell Solution, % Comments

l-l6A 25.OGelatin (17$ Bloom, type B) Capsules active after 8 hr , but inactive after 24 hr.
75.0 Water

I-l6B 25.0 Gelatin (173 Bloom, type P) Some activity after 24 hr. No activity after 48 hr.
75.0 Water
(SoIn. adjusted to p11 — S with HC I)

l-l6C 23.0 Gelatin (150 Bloom, type A ) No activity after drying.
750 Water

l-16D 25.0 Gelatin ( ISO Bloom, type A) No activity after drying.
750 Water
(Soin. adjusted to pH — 2 with HCI)

l.l6E 4.3 Sodium polypectate Some activity aft er 8 hr. No activity after 24 hr.
95.5 Water (lO.çercent calcium acetate bath at pH - 4.5 )

1-1 7* 4.5 Sodium po~ypectate Repeat of Run l.l6E with bath at pH -. 3.0. Re
95.5 Water Results same as for l-16E.

• 1-178 25.0 Gelatin (175 Bloom, type B) Similar to Run 1-168 but using lower pH.
75.0 Water Activity after 8 hr. No activity after 24 hr.
(Soln. adjusted to pH — 2.0 with HCI)

Note: Gelatin capsules were received on a Dry-FIo starch bed. Fill material was a 50-50 mixture of dibucyl phthalate and O’.alurnc.

L — -  ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ .~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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were made by placing some of the material to be investigated in a

•maU polyethylene bottle with Oxalume. The results obtained are

presented in Table 7. On examination of the results , it became

obvious that water rapidly inactivated the Oxalume. Because of the

rapid inactivation of Oxalurne by water , no further  work was conducted

with aqueous system s, and nonaqueous shell systems were investigated.

C. Nonagueous Shell Systems

The nonaqueous shells investi gated were molten mixtures of

pa raffin waxes and res ins .  The first  encapsulation studie s with these

mixtures were made with tert -butyl alcohol , 3-methyl-3-pentanol ,

and dibutyl phthalate (Table 8). Dibutyl phthala.te was superior to

the two alcohols for forming free-flowing capsules. Table 8 also

includes two preliminary runs with Oxalurne . It appears that the

dibutyl phthalate on hand contained impurities that inactivated Oxalume

(Run No. 1-2 1). Encapsulation of Oxalum e in the wax-resin shell

appeared promising (Run No. 1-22) .

Stability of Oxalume in contact with various shell ingredients

was determined (Table 9). Paraffin waxes , ethylene-vinyl acetate

copolyrners (Elvax) , and low molecular weight polyethylenes (AC and

Epolene resins) appeared to have little if any effect on Oxalume stability .

A terpene polymer (Piccolyte S- 115) slowly inactivated the Oxalurne.

A number of mixtures of candidate shell materials were examined for

film formation and flexibility (Table 10) . Many of the mixtures appea red



.- -... __.r ~~~” ,W~.r-.~~~~ rr- ’r  - .- r—~~-~-..—-—.- — ., _  .. . . - —--.— - ——.-. . . -  —

15

TABLE 7. EFFECT OF CONTAMINA NTS ON OXALUME

Contaminant Comments

None (control) Good activity after 6 hr.

Ferric chloride (solid) No activity after 6 hr.

Calcium chloride (solid) Good activity after 6 hr.

Sodium chlonde (solid) Good activity after 6 hr.

Dry -I’lo starch Good activity after 6 hr.

Cupric sulhate (solid) Good activity after 6 hr.

Ferrous ammonium eulfate (solid) Good activity after 6 hr.

Zinc chloride (solid) No activity after 6 hr.

Glacial acetic acid (one drop in 1 ml) Slight activity after 6 hr.

Ash from PVA (Elvanol 90-50) No activity after 6 hr. (glowed immediately).

Sodium chloride (aqueous solution) Lost activity in 5 m m .

Calcium chloride (aqueous solution) Lost activity in 5 mm (glowed immediately).

Cupric chloride (aqueous solution) Lost activity in 5 mi

Ferrous ammonium sulfate (aqueous solution) Lost activity in 5 m m .

Deionized water Lost activity in 5 m m .

Note. W~sen activity is given after 6 hr. no earlier tests were made.

- -  - —-----~~~~~.—-~~~~———--~~~~-~~~~~ - .- 
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TABLE 8. LNCAPSIJLA1 ION RUNS
(( ENTRIFUGAL EXTRUSION 1)EVK’E)

Run 1 heuretical SI/C .
No. Shell Composition, ~ liii Payload , ~ ( timment

l-l 9A 45.0 Suniico Wax 44 1 2 Tert-butyl alcohol 50.0 No capsdles .
45.0 Piccolyte S-115
1>11 ) Pulyhutene 128

1-19K ~~~fJ Sunoco Wax 44 12 Tert-butyl alcohol 50.0 No capsules .
25 O Piccolyte S- I lS

I) 1-Ivax 420

I-I >
~( 65.0 Sun ,c , Wax 44 12 3-Mcthyl-3.pentanol 50.0 <1190 Made capsules . hut

25.0 Pic .olyie S-I 15 capsuks leaked n
10.0 Elvax 2 1’) standing.

1-191) 4 5 > )  Sun ico \>>ax 44 12 3-Methyl-3-pentanol 50.0 Ni> capsules.
45.0 Piccolyte S-I IS
10.0 Polybutene 128

l- l9E 65.0 Sunoco W~x 44 12 3.Methyl-3-pen tan l 50.0 Ni> capsules.
25.0 Picculyte S-I IS
10.0 Epolene (-16

I-I 91- 65.0 Sunoco Wax 44 12 50.0-percent 3-Methyl- 50.0 - No capsules.
25.0 Piccolyte S-I IS 3-pentanol
10.0 Epi,lcne C-16 50.0-percent Dibutyl phthalate

1-196 65.0 Sunoco Wax 4412 Dibutyl phthalate 50.(t <1190 Made capsules well.
25.0 Piccolyte S-I 15 Capsules remained
10.0 Elvax 210 Irceflowing.

1-21 65.0 Sunoco Wax 4412 50.0-percent Oxalume 45. t) <1190 Made capsules well.
25-0 Piccolyte S- l l5  50.0-percent Dibutyl phthalate Lust act ivi ty over-
10.0 E lvax 210 night.

1-22 65.0 Sunoco Wax 4412 Oxalume 45.0 <1190 Made capsules well.
25.0 Piccolyte S-l IS Capsules still have
10.0 Elvax 210 activity after a

month.

L -
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TABLE 9. STABILITY OF CANDIDATE SHELL MATERIALS WITH OXALUME’

Materials Used in Testing Coniments

Control (Oxalume) Stable after I mu.

Sunocu Wax 4412 Stable after 1 mo.

Sunoco Wax 5512 Stable after 1 mu.

Sunoco Wax 3425 Stable after I ml).

Shell Wax 100 Stable after I mu.

F.Ivax 210 Stable after I mo.

Elvax 220 Stable after I mo.

Elvax 240 Stable after I mo.

Elvax 310 Stable after I mo.

Elvax 350 Stable after I mu.

Elvax 410 Stable after 1 mo.

Elvax 420 Stable after 1 mu.

AC-6 Stable after 1 mo.

AC-6 17 Stable after 1 mo.

Epolene C-16 Stable after I mu.

Epolene C-lOl Stable after I mo.

Piccolyte S-US Not stable after I mo.

‘Method of testing: Oxalume placed in polyethylene bottles with the
materials being tested. Oxalume used was received on 9/17/76.

_________________________________________________________________________________—.—.-. .---—.~ .-~~~ —-‘-—. .—.~~~..—-..—-~ —. . . ~~~ -‘ - — _ _~ . .s~~- _ ~ ~~~~
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TABLE 10. EXAMINATION OF SHELL MATERIALS

Experiment
No. ~~~~~~~~~~~ ~- Comment

I 130 Sunoco Wax 44 12 l ilm is weak.
20 Llvax 210

2 80 Sunoco Wax 44 12 I tins is t1e~ ihle.
20 Elvax 2 20

3 80 Sunoco Wax 4412 Molten mixture is viscou s.
20 Elvax 240 l ilni is tiexible.

4 80 Sunoco Wax 44 12 Film is flexib le,
20 Elvax 310

5 80 Sunoco Wax 44 12 Filtn is flexible.
20 F:Ivax 410

6 80 Sunoco Wax 4412 LiOn is flexible and slightly t iu~h.
21) I.ivax 420

7 80 Sunoco Wax 55 12 l ilni is flexible.
20 Flvax 210

8 70 Sunoc Wax 55 12 Film is flexible and slightly tough.
30 Elvax 220

9 80 Sunoco Wax 5512 Film is flexible.
20 Elvax 310

10 80 Sunoco Wax 5512 Film is flexible.
20 Elvax 410

II 70 Sunoco Wax 5512 Molten mixture is too viscous.
30 Elvax 420

12 70 Sunoco Wax 3425 Molten mixture is too viscous.
30 Elvax 210

13 80 Sunoco Wax 3425 Film is flexible.
20 Elvax 220

14 80 Sunoco Wax 3425 Film is flexible.
20 Elvax 310

15 80 Sunoco Wax 3425 Film is flexible.
20 Elvax 410

16 80 Sunoco Wax 3425 Film is flexible.
20 Elvax 420

17 80 Shell Wax 100 Film is flexible.
20 Elvax 210

18 80 Shell Wax 100 Film is flexible.
20 Elvax 220

19 80 Shell Wax 100 Film is weak.
20 Elvax 310

20 80 Shell Wax 100 Film is flexible.
20 Elvax 410

21 80 Shell Wax 100 Film is flexible.
20 Elvax 420

22 80 Sunoco Wax 4412 Film is weak.
2O AC-6

P 23 70 Sunoco Wax 4412 Film is weak.
30 AC-6 17

24 lO Sunoco Wax 44l2 Film is weak.
30 Epolene C-I 6

25 70 Sunoco Wax 44 12 Film is very weak.
30 Epolene C-lOl

L ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~



19

TABLE 10. EXAMINATION OF SHELL MATERIALS (Cont d)

Experiment
No. Shell Mixture , ¼ Comment

26 70 Sunoco Wax 55 12 1-un is very weak.
30 AC-6

27 70 Sunos- o Wax 55 12 Film is slightly stronger than above.
30 Epolenc C-I6

28 70 Sunoco Wax 342 5 Film is weak and brittle.
30 A( -6

29 70 Sun ic , Wax 3425 Film is flexible.

j  30 E polene C-16

30 70 Shell Wax 100 Film is weak and brittle.
3O AC-6

31 70 Shell Wax 100 Film is flexible.
30 Epolene C-16

32 70 Shell Wax 100 Film is weak and brittle.
30 Epolene C-lOl

33 70 Sunoco Wax 55 12 Film is weak and brittle.
30 Epolene C-l0l

34 60 Sunoco Wax 4412 Film is brittle.
4O Epolene C-10l

35 70 Sunoco Wax 4412 Film is flexible.
30 Elvax 210

36 70 Sunoco Wax 4412 Film is flexible.
30 Elvax 310

37 70 Sunoco Wax 4412 Molten mixture is too viscous.
30 Elvax 420

38 70 Sunoco Wax 5512 Molten mixture is too viscous.
30 Elvax 210

39 70 Sunoco Wax 3425 Molten mixture is too viscous.
30 Elvax 420

40 70 Shell Wax 100 Film is flexible.
30 Elvax 210

41 70 Shell Wax 100 Film is flexible and fairly tough.
30 Elvax 310 Viscosity of molten mixture is

slightly high.

42 70 Shell Wax 100 Molten mixture Ia too viscous.
30 Elvax 420

43 70 Sunoco Wax 4412 Film is brittle.
30 AC-6

Method of Testing: Molten mixture shell was spread onto aluminum foil, cooled and examined.

- —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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to be good shell system s, and some of them were  evaluated for  the

encapsulation of dibutyl phthalate (Table 11). Four of the shell

systems presented in Table 14 were utilized to make  four  large samp les

for evaluation by the Sponsor (Table 12). These samples (each about

one pound) were prepared so that long- term aging charac te r i s t i cs  of

more than one shell system could be determined .

The equipment utilized and operating condit ions for  the

preparation of capsule s described in Table 12 a r e  presen ted  in Table 13.

D. Activation of Capsules

Two activators were evaluated . They are sodium acetate and

poly(vinyl alcohol),  and it is recommended that the capsules be activated

j ust prior to use .  A small amount  of eithe r act ivator is dusted onto

the capsules. This is readily accomplished by mixing the capsules

and activator in a vial or bottle by gentl e shaking . Sufficient activato r

sticks to the capsules to cause the Oxalume to chern iluminesce when

the capsules are crushed .

The sodium acetate is a much more potent activator than poiy

(vinyl alcohol), but the storage life of the activated capsules is much

greater when the poly(vinyl alcohol) is used . This is il lustrated by the

data presented in Table 14.

From the data presented in Table 14 , it appears  that Sample

No. 1-28C produces the most stable activated capsule system . It is

believed that the storage stability of the various capsules tha t are

~ 
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TABLE II. ENCAPSULATION 01- DIBUTYL PHTHALATE
(THEORETICAL PAYLOAD 60 wt ¼ AND SIZI. ci 190 MICRONS)

Run
Ni Shell Composition . ~ Comment

I 25A 80 Sunoco Wax 5 5 12  No capsules were made. Shell mixture too
20 Elvax 220 pituitous.

I-25B 80 Sunoco Wax 55 12 Capsules had tails.
20 Elvax 420

i 25C 75 Sunoco Wa~ 3425 Capsules made well.
25 Elvax 210

l-25D 80 Shell Wax IOU Capsules made well.
20 Elvax 410

1-45E 80 Shell Wax 100 Capsules made well, but with some breakage
20 Elvax 420 and stringing.

l-25F 75 Sunoco Wax 44 12 Capsules made well, but with some breakage
25 Elvax 210 and stringing.

l-25G 80 Sunoco Wax 4412 Capsules were made with some strin~~ng.
20 Elvax 310

l-25H 80 Sunoco Wax 4412 No capsules were made. Shell mixture was
20 Elvax 420 too pituitous .

• 1-25 1 75 Sunoco Wax 55 12 No capsules were made. Shell mixture was
25 Elvax 210 too pisuilous.

l-25J 80 Sunoco Wax 3425 Capsules made well.
20 Elvax 420

1-25K 70 Shell Wax IOU No capsules were made. Shell mixture was
30 Elvax 210 too pituitous.

1-25L 75 Shell Wax 100 Capsules made well. Had some stringing.
25 Elvax 310

1-25M 85 Shell Wax 100 Capsules made well.
15 Elvax 420

l-26A 85 Sunoco Wax 44 12 Capsules were made with some breakage
15 Elvax 420 and stringing.

- ; l-26B 80 Shell Wax 100 Capsules made well. Stringing occurred when
20 Elvax 210 head temperature dropped.

l-26C 85 Sunoco Wax 4412 No capsules. Most capsules broke on collection .
IS Elvax 310

l-26D 70 Sunoco Wax 4412 Capsules made well.
30 Epolene C-16

l-26E 70 Sunoco Wax 5512 No capsules . Capsules broke on collection.
30 Epolene C-I 6

l-26F 70 Sunoco Wax 3425 Some capsules were made. Many capsules
30 Epolene C-16 broke on collection.

I-26G 70 Shell Wax 100 Capsules made well.
30 Epolene C-I 6

l-26H 60 Sunoco Wax 4412 No capsules were made.
4O AC-617

1-261 60 Sunoco Wax 3425 No capsules were made.
40 AC-617

-------- - - --— .- --...,—- —.--- —-.. . — .---~~~~ -- —.~ -—-——~~~-——---- — ---- .---.- -- - -  —- -—~ .~~~~~~~~- -~~~~~~~~~~ --- ~~~~~~~~~~~~~~~ -~
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TABLE 12. ENCAPSULATION 0I~ OXALUME
(THEORETICAL PAYLOAD 60 wI. % AND CAPSULE SIZE =‘  1190 MICRONS)

Run No.
(SwRl No.) Shell Composition, ¼ ( ortimerit

- 27 75 Sunoco Wax 3425 Capsules made well.
16-929) 25 Elvax 210

l.28A 80 Sunoci, Wax 3425 (apsules iti ade well.
(6-930) 20 Elvax 420

l-28B 85 Shell Wax 100 Capsules isiade ssell .
~6-93 l) 15 Elvax 420

l~28C 70 Shell Wax 100 Capsules made well.
(6-932) 30 Epolene C-l6

~ 

~~~~~~~~~~~~~~~~~~~~~ .~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ .
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TABLE 13. ENCAPSULATION EQUIPMENT AND OPERATIN6 (~ONDITIONS

Orifices: 0.~M0 inches outside (I m m )
0.020 inches inside (0.5 mm).

Spacing: 0.015 inches (0.38 m m).

Shell iced rite. 10 g/ mnin

Fill teed mate: IS g/min.

Temp Shell teed: I 7 0 l  for v.ax I Ivax.
190 1 for polyethylene wax

Temp Oxalume feed. Roiini temperature.

Head te m perature: I55~l .

I-lead speed 800-900 rpm.

Oxalume teed system was composed of motor-driven polyethylene syringe with teflon
tubing to t he encapsulation head.

Encapsula tion head was stainless steel with teflon bushings and silicone rubber “0” rings.
Head was passivuted with S-percent nitric acid overnight , rinsed with deionized Water
and dried.

The inner orifice is a No. 7960 lluid cap and the outer orifice is a No. 7959 air cap
• obtained from Spraying Systems Company. 

~~~~~~~~~~~ -~ . . .-~ - -~ - --- -- .- - .- .-- ~~~~~~~~~~~~~
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TABLE 14. STABILITY 01- CAPSULES COATED WITH ACTIVATO R

Satnpk Initial 
__________ 

Activity after , days 
___________

No. Act ivator Activity 2 5 9 20 35

1.27 SA OK 0 0 0 0 0

1-27 PVOH OK OK OK SI 0 0

l 28A SA OK OK OK 0 0 0

I - 28.\ PVOII OK OK OK OK OK OK

1-2811 SA OK OK OK 0 () U

I-2h11 PVOH OK OK OK OK OK OK

l-28C SA OK OK OK OK OK OK

l-28( PVOII OK OK OK OK OK OK

Test Method

Capsules wer e pLced in a small vial with ict ivato r and shaken. Some I the capsules were removed ruin the
mixture at intervals if time and crushed on plain paper in a darkened room to determine activity. The act ivators
were ground to pass a 105-micron screen.

‘Sit sodium acetate (<105 micron particles)
PVOII = Elvanol 90-50 (duPont <lOS micron particles) 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~. .- . - ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ .-  . . . . 
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not activated will be about the same. Oxalume capaulea should

be stored in a cool room in the absence of light for long shelf life .

-
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IV . CONCLUSIONS

Oxalume is very sensitive to deactivation by water and

cannot be encapsulated with aqueous shell system s to produce stable

capsules.

Oxalume is not affected appreciabl y by wax- Elvax or wax-

polyethylene mix tu res .  These mixtures  can be utilized to prepare

stable Oxalum e capsules.

Oxalume capsules can be activated by coating with small

• amounts  of sodium acetate or poly(vinyl alcohol) powder .
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