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CI-EWCAL NON LETHAL DEFENSE

 Chemically-based NLD

e Types of Agents E

 

 

_

E

E or E eases, Liquias, Gas, sonar, Polymers
e Mechanisms of ActionfEffects:

 

»

1

@ Corrosion/Diss_ohitiorr => 'Penetration  

E

-

F Polymerization =-Q-:> Pooling, Qlogging, Aahesion
r Depolymerization = Mechanical Eaiiure »

 

@`Eraoture/Emb1°rtt.lemerrE_ :Q Failure under Load  ,

»

l
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CMWCALNGN LETHAL DEFENSE  

 

 

Legal and 'Eilmai R ficatmns
 

 þÿ�@�f ¬�h�e�m�i�c�a�E�N�L�D 

 

 

@ All Cmént and Andciéafgébfniféiided Usés of
 Chemicals are Aniimaierial

 
 

 

 

'

® Subsiamial Indusmal Uses (camet mfg., eta)
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 CEEWCAL NON LETHAL DEFENSE .

Assessment ef Targets, Agents, and Meiheds
s Requi1°esEnpEs&om Users as to: E

s Targets-E-Uhickness, Expesure, Type, eici-_
e

 ,  

E

s Censirsisis- Time Temperatwe Disirce Li ht
s

_ .9
5

'

.

`

9 ,g Weight, etc. E

E

`

e

~

Q" @EeEetiensH Requiremelits-+~Timing, Mission
 Factors, Capabilities

 

E

E

e

¢
'

'

-

"=



T
he S

unshine P
roject | http://w

w
w

.sunshine-project.org
E Ui"i'3l5Eé`"§£ E§2iE ¥5§'=i!,Y

 

 

1

_
 

cl-m1vEcAL NON LETHAL DEFENSE
E

Reoeesemeiive Qhemieal Technology &
 Potemiai þÿ�N�L�D�A�p�p�§�i�e�E ¬�,�i�o�n�s

E

_

6° Superaeidsz Commercial Use-DuPont Stainmaster® _Carpet-
 

 

E Among the R/§@S§C01°Rf0SiV@ Mate"1§§1éK1§_own
'

, E Dissolves Gf1osS,_CompositeE, Meials .

'

_ 'i  E

'

E Evaluated foe Classified Application by LAM for NCSC
 Excellent Eeneom for EEPA (jliigh Efficiency Efmioulate)
 

_ Filiers Wroteetionl Systems for Nuclear, CBW, and '

E

Computing Facilities]
'

_

 

~ °

E

 Aiiaeks Eleetrooicsl vie Solder þÿ�.�F�o�§�_�n ¬�s�,�T�1�'�a�c�e�s
_

~`
`

E Destroys Image Qualityof Gpiieal Somponent
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Meny Systems are Vulnerable le Alleek
l

,

 by Cnem sels
 

l
,

 

=

Electronics, r

1

Comsonenls,'~llIters, leads, solder meek,
4

l

_

1 traces, LEDs, runes,
_

 
'

,CBN lniresiruciure
 

HEPA Filters, conirol systems,-
l

_ submuninon contalnereegenls
l

Verelcles
n

` 
"

Filters, electronics, rubber cornponents,
~

r

l

r

'V fuel systems  

`

- 
'

,

' '

wllseles, Alrcrerl Solid propellant, jet engines, electronics,
,

  

._ flighlsurleces
'

.

».

_.

n

 

-

'

Les A emes



T
he S

unshine P
roject | http://w

w
w

.sunshine-project.org
_

_ un wma. um. urar.a t

. -

`~

tnntnnaés nfs Attnnttnn tn n Vat nty nt
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=

Mntena! »

Metats (sotder, titanium)

Cnmposites (graphite, GRP)
Gages (nptics)  

 ,

~

Potymetn injbnerplasttés)

Fneis (dtesei, JP-5)

Mechanism _of Attack
t

Dtssoiution (conosipn),
A

_

vnpertzatéon,
t

conductor-to-insniator,
t

,

crystallization
'

g

' 
Deiamination, pitting, corrostbn

Etching, pitting, stresszcranking
darkening, occtusion

t

Hardening, depotymerization, °

dissolution '

,

Viscositication
 

 

,

' t

'

ms Atnntnn
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@wzca§xL1smm  
 

_

 G@f§"@sE@ n GfMaieriaEs Es amrge  
 

 Qmusiriaé Wcbéam
 

 

 

@ Databasesbn maieriai cormsioni RUST (EB. Du Pént)
 

'

@ -Used fdr materiaiselection in chemiqai proéess design

 _

5 Subscription serfvice availabié  
 

n

7

@ Wmary Focus is an méiais, powmers éor maiéria§
 

 

'.C0m&§B°Bm8§f°Bi  

'

 

 

 

g .  

L@§ ABam©S



T
he S

unshine P
roject | http://w

w
w

.sunshine-project.org
_ Q5 8 £05511-» FJYJL uwr. a

l ~ I

wmaAm "sussnncrosaa
  

o

6 A "Superacid" is any acid stronger than 100% Sulfuric Acid ~

in
i

i

e The Acidity of strong acids is measured by the Hammett acidity function, -I-lo, on a

logarithmic scale. -

'
l

'

Thus, an increase of 1 in -Ho equates to a 10-fold increase in acidity.

Acro
"

_.___-_H_o__  l o

'

_

ax msc,
'

V

r 11.9 ~

__ HF/ASF, V

19~2o'
sg _r-roto, -13

t

§.l-lS03F/SbF5 (4=1)
'

o 19 ~

Q, Hso,ca, i l~4;6 -.jnsogs/sbs, ('l:1)` ~ _~20 -

'§ HAICI4
_

l

15 ~

`§ HF/sbs, (4=1)
~

22'
,

jj HF (anhydrous) 15.1
p

_ _jp HF/SWS (151) .

_ ¢~23
~Hso,t=~ - 15.5 n

»

W 5 » ~ °

® For comparison, ,HF/Sbl§ is a stronger acid than H2 S64 by the same amount that l-IZSQ, »

_
. is astronger acid' than dilute (iN) nitric' acid.

i

p

Q The corrosiveness of superacids is caused by the pre-,elses of Lewis Acids such as SbF .

The two resulting effects are: 1) Lewis acids increase the concentratron of strongly acidic
eoorclinatin s eciessuch H F" d 2

' ° '

°g p_ as
2 , an )The Lewis acids themselves coordinate strongly

_ _- to metal atoms, _creating soluble species.
t

.

' '

Los Alamos
,,, ,L

s

l
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mommms on Two VERY smonc  

"

r SUFERACID SYSTEMS

10% SbF5/HF: ° Approx. 100 torr vapor pressure at 25°  
_ _° Viscous

25% sbt-"5/Hsorn ~ < 5 rrrrr vapor pressure at 25° C
'

- ° Highly fluid i

p
_

`

'

9 Commerciallyavailable
_

_

Bom SYSTEMS » Hammett acidary >19(1o7rimegSr,r0ng¢rrhrrrr1oo%pHrso4_
i

r

i

`

° Aggressively attack many common organics and many metals.
Q

s Easily handled in fiuoiocarbon ('l`eflon®) apparatus.
I

,

.

°

Compatible w_ith powerful'oxiclizers.
°a indefinitely stable.

_

° High electricalcondnctivity. °

_

_

~

5 'lbxic (skin contact and inhalation/ingestion).
 ° incompatible with Watef. '

w"<27=:'1  _-  s'1?='<f 'Pi
._,o rf,

Loeb Alamos
s
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þÿ�§�U�P�E�R ¬�A�U�S�'�i�`�H�C�§ 
'

» .e The addition of strong oxidizers to su 'cl' °
'

.

»

'-

'_<D
peracr s may increase the corrosrveness of these .'§materials by adclingoxidation, thermal shock, and corrosive cracking as mechanisms to increase?

r

'

y the solubility or failure ofthe substrata.
""`

" 5:
~

3
i

(D
- O_

4-0-

e The aggrcssivcncss of thc~"Nitrofluor" solvent system (FNO-'6HF) is attributed to th
' g

oxidizing power ol` NO* in solution with hydrogen fluoride. 'lfhissyslem rapidly attacks
'

~

 
i

A

Zircnllrry-2 and 304 S.S.`cven znlroom temperatures. -

ggi
,

_

A

_

_

'

j
'

,

.

.

n

i

3-

.U
it Many very strong oxidizers are fIuorine'compo1tnds and are highly soluble in HF:

'

TE;a

Brea; cms, NO; shag, XeF5Q re-FZ, 0; sung. ,
 

`

EZ;
QQ

These materials routinely shatter fluoro ol me
°

K I- °
' " ° °

 p y r( e F)tubes whenl-lFrs°aorled,_mdrcatmg ~'
~

_

_

_
y  a strong synergistic _effect.

°

°

_ 

"

a Lee Alamos '  

L _

.

_

-1
:r

(D

`U
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6 While severely corrosive and irritating, these compounds lack the persistence, immediacy,and magnitude of lethality found in "Typical" War agents. ° '

.

® Superacicls are rapidly hydrolyzed and diluted in water to form very weak acids with minimal
r toxicity (e.g. HZSO4).

_ Toxicity Data on Supegcids and other relevant materials*
b

' -a

Com mound
' 7

 _

Toxicit

I-lF(anhydrousj" 1760 ppm/1 hr(LC50)

Seri; t

. i>>o.5 mg/ina (TWA)
HSO3F >>l0(l ppm (TWA)
H2504

p

s 135 mg/kg_(LDlQo)
_ Chemical A frefztsr

i

~

n'

i

ezgcuzcuzciyz »

~

9 mg/kg (Lose)
{mustard] _A

.

_

`°
`

f -

Com ound_ '

'

r Toaticit

<:H3N(C2i»:4c1) 370 mg/nf'/io min (LCLO)
[nitrogen mustard]

_

v

_ _

`

-

phosphorus (white) 2~2OO mg/m3 -(LDLQ)
HCN

e

zoo mg/m3/io min (LCLQ)
is0Q.Q4F3

I

'_ I8 ppm/10 min (LC50)
SAREN

__

°

0;01 mg/kg (LD50)
[(CH3)2CH0}(CH3)"(0)F

*Data from Sax: "Dangerous Properties of Industrial lvlaterials," 6th ed., l987; TWA#-Time~Weighted Average (a safe 8hour occupational exposure level, lethal limits would probably be liill-1000 times higher); LCl..o-Lower limit of lethal
cencfentrationg LQ50/LD5n-Lethal concentration/dose for 50% ofthe population exposed.

"i

y
 

, Lee Allamoe
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DEGRADATHQN or METALS
 

6 High teclurology metels (e.g. Ti, Al_ alloys) are less resistant to attack by
_

stapercaustics. ~

l

°

9 0.25" thick Marine-grade Alcan b¢.¢<>»hpl¢¢e1y penetrated by supercausticsi t

r in as little as 30 minutes. _

`

~

_

l

° Metal surface temperatures' increaseto $240°C in 10 minutes.

° The supercaustic system can be adjusted to allow lower temperatores
"

'

and correspondmgly longer penetration times.
I .

Los Léllletitmoe
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DEG ATHGN UF PGLYMERS

a Mechanisms of Degradation (cont): ~

'

i

3 Embfittlement of eiastotners: addition;of excess erosslinking agent
'

°

(e.g. sulfur) 0; catalyst (e.g.. ihiazoles)
'

_

- addition af 'radieal addition ageiit (e.g,_ Brg)
'- Requifes a solvent for delivery oi' 'agent io bulk of elastomer."

_

 - 'V _

_ - Hncieases in Shore W 'hardness of >Zi0 units achieved in 8-houf exposurea.

Loo anamoe
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_ Test Conditions

6 Superacid (25% SbE`-fs in HSDQQF): Used as recéivedQ 3 ml per test

Q Substrates: Coupons with approx. 1 cm2 su1ft`acc'area.'

_. .-0
_

'- ~,- ~-'. `-¢ -.'

g;_;. iff"-= f
" -f £f§iv`~s'~
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Metal Corrosion Studies Usinn 25% §%§5H-l§`593F
_

r

g

    te t _t t, 
Construction Metals

U

A

`

-

Qu
_

_

_ _100
°

100 Dark Purple sol'n
_

 

Ni
'

U

`

5_3
0

`

98,0 Dark green sol'n;.dull ntetal'
_

_

pd
'

~

_ <0_1 0_2 Lt. brown sol'n; dull grey rnetal

Ti

U 4

<04 _
_ 59 Blueégreen sol'nt`highly pitted inetal

D

'

Hasganoy Q22

U

. <01
D

0_2 Lt. brown so1'n; shiny metal _' _
_

» 24,0 100 Blue-black sol'n;~minor dark residue  

S33 jg 5 _ 1 _0 312, Dark green sol'n; dull metal

A

 Stgél
t

_

'

_  5_3 Purple sol'n; flat grey rnetnl

Brass

 

. l4;7. 21.9 lfifgfslls Sm! §USiK=i1Si°H=_ 51111 l9f°WU
_

Zifggl g _ 3 
~

_ <0,1 <0,1 Lt. brown sol'n; shinymetal ~

seem: LA-ue-as-seas U-=.©§ A H8331 lTlTl]©§
_

__ _ Los Alamos National LaboratoqgI ne Momma lf!.nm Mavlr-n -32751,-1 -_
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Metal Corrosion Studies Using 25% SbF5/HSO3F
 _

»

% Wt. Loss % Wt. Loss
`

`

'

l
'

   _    
Q3:l1n2f_i__!I;9;1_a_l§

"

l

l

A  

s

'

Pb
'

l

`

11,6 68,5 Chalky blue-grey so1'n; dull metal

Mo ~ <0.1 <0.1 LL mn s9l'ns shiny-metal
'

W <f)_1 <0_1 Colorless sol'n; shiny metal
°

#Ga
n

5,2 -60 Grey Suspension
_

,

"

5153 <0_1 6;4 Lt, brown sol'n; :nc-:d_b;own°metal' .`

Nb ~

_ 0_3 2_1' Tuzjbid mod. yellow sol'n; .dull gr¢y~~
i

i . metal _

_

_

`

Q; (glhgg) 1_7 435 Bnppk porn; dun grey meml
'

cp (ingot)
_

21.4, 100. Depp ppp-ple sprp ~

`

p

_

if;/igl 2_7 17_6 Purple-lplack sol'n; flat groy motal  ~

§,§_§_____ <0.l 4.7 Lt. bropvn sol'n; dull gmy metal

spnrppp LA-UR-39-3628 ;,¥~i.§N._  lmfiil lfTfU©§
-

~s-; p Los Alamos National Laboratory
~ I ne Mpamnc New qf5n?ir~n» 875.44
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% Wt. Loss % Wt. Loss .

_

Metal
  __ h_i'_  __, __  _ _  __ ____ _  y _;  __    i  iw . y _ 

_

Platinum Group Metals
'

Pg.
'

`

<0_1 <0,1 Lt. Tan sol'n; shiny melal, _

Au <O_]_ <0,1 St. tarnishing of metal;
'

-

_

lt. brown sol'n.

igh <0_1 <C°_l Medbrown sol'n; shiny metal
`

kid _ .<()_~1 <0_1 Peach colored sol'n, shiny metal with s

_

'

~ black sheen
_

l

_

gi-
B

'

~ <()_1 1_4 Tamished metalfltr brown sol'n -

'

'AG
_

19,9 44,2 Purple sol'n; dull grey metal

Lanthanide Metals n 5
_

~

» '_
'

"

pf (ingot) A

`

17_O 20,8 Dark grey suspension; grey-black metal '

Qld (ingot)
`

°

~

i

261 30_Q Blue-grey suspension; grey metal
'

f

Lu (ig f gf) 9_0 41,8
l Dark blue-green sol'n; flatblaclc metal

E

Simmer' Lil-lBFs~89~3Lil-lBFs~89~3$2B`B`  _

_
__

  |llm@§5
Los Alamos Nalsonal Laboratoi*7 A __ fu - ;'

'

.

_

»
-

' ' 'l_;_. 2 ll I ne Alsmfmo Mow Ildnvlnn §l7f-I/lg
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Metal Corrosion Studies Using 25% SbF5/HSO§F
 3 ,_ _s_, __ ,  

Actinide Metals

Th (ingot)

U <mming>`
_iupqeumingy
Pu/Ga alle

Smsrcfaz LA-UR-8_9-3528

% Wt. Loss
_

% Wt. Less
l

'

'

'

 s,_s  - _ W
_   , e_ss   

0,4 27,9 Dark purple solln; dull grey metal

l

'

17,5 100 _V Blue-grey suspension _
lu

'

16,8
_

. >95  Lsvender-green sol'n.

14,3
v

l

>95
`

Blue-green sol'n

I slL.©eA-Ile mee
we e~z§=m¢s~ zs=§=>e~ l:-ab5!§'f9f'>'
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l/letal t

Pt

lr 5

Au

Pd

Rh
'

'

, 'W

§ Mo

l-Eastelloy C-22

!Zirca!loy` ll

Be

.;.ff*~_!___. t

gp 9 IYDII1 V800 V°°"'°°-

'

_

The Sunshine Project | http://vvv£w.suhshine-projectorg; _

COITGSIOIH Results m Refluxmg 25% Mag1cAc1d.

 155°C Ihr 
'

_ l-`iinalA earance t

O.3* Lt. brown sol'n; shiny metal
_

5

_

`

1.5 Lt. brown sol.'n; shiny metal
`

'

<02l Lt. brown sol'n; shiny metal
.

'

 _

'

10.4 '

Purple .sol'n; dull charcoal grey metal
5'

<0.l_
'

_Lt brown so|°'n;:s,l1'iny metal yo ' A'

5.5
-

U

'l`l1rbid~|t.f;old sol'n§ dull grey pitted metal

5

__

U

7.8 ~ 'lltrbid deco gold; sol`n; dull grey metal/bluc coating
'

- 0.7
_ Very 'turbid white sol'n; shiny metal w/ clear coating

, 0.7  Lt; brown sol'n;` shiny metal
'

e

'

_

r 45.5
y pttrple sol'n; flat black metal ,

y  _

°

5

K

<0.1 ~ 'lbrbidwhite sol'n; shin metal
i  

_

A

  .
  

»
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Seme Target Materials and Supe19caustics°
e

Which Degrade Them s

 

Targ'et _
. Sugefcausiic ,

 

Effect
'

»

°

GRP(fibefg1ass) I-H"/SbF5 e Wh<>l¢S@l¢ d¢¢0mP0Sifi0n;
.

t

_

.

Q _

Pittingmelamination  _

e

Aluminum (&  _
s

Bm/Solvent Rapid, M3S§i{¢d5SS01U50H§ .

Alloys)
,

_

"
&

u

Pnttmg
A

'

Glasses, Upiieel HF/SbF5
 þÿ�'�m�"�=�°�<�1�i�2�=�f�= ¬�=�~�=�S�v�f�f�a�<�=�-�=�=Gfchiné; 1053

Cgatmgs
_

_

_

of optical quality
_

Ceppef, sever Hs/sbsg, others 4. ff§I5idQ combfefe ¥3¢¢0mPf§Sii"f05`
Rubber _

s
1 Bri/Solvent  §mm@Gia*<'> S<>ff©fiUs;

 

'

~ embrittiement, delaminaiion
Penaeus Metals -HF/N02, others' Surface C0ff<>Si°f1, ¢lf3Ck5f¥g

'
°

_ 1

 A-|'@"W@~"f3~
'

  f~===f*'1f=-e1°=51
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Time Scale of Effect

t

Supercaustics can cause significarxt, measurable degradation
. rn mmutes (etching of _glasses by superacid), _

hot1rs(burr1through offl/4" Al' saae in 2-9 hours),
or days (embrittlement oftire rubber ta 12-36 hours).° 5

Because' of the wide variety of properties, ferrous metals'

arehighty unpredictable at this regard; corrosion '

 

f cotild take days' or months
 

Timing of de raoatioa
 

b.g g
_

1 may e amenable to some tailorh1g'
through rrormalrnethodsr

1 accelerators, dilution, etc. _

Rate and onset of degradatioh will be affected by eperatiiohal"factors: Temperature, humidity, applicatiorrmethod, etc;
 

 /allamos »

'

.

r ~

t

 
"

'

_ _ _

if-5_¢§'r--.s-r ;=1 ;»-'>'.' - ".~J "~' '

'

'

Apfi|°`|5,°`|99't



T
he S

unshine P
roject | http://w

w
w

.sunshine-project.org

P Some Other Possible Avenues' of Exploration

®Clremically-_irzduced Stress Cracking mrd'Fail1,tre: Can
surface treatment of structural members (eg. aircraft wlngl

percaustics
spars, railroad rails) or hardened materials with su

_

_
e

result in _corrosion iriduced cracking, pl1ase§ and
p_

microstructural changes which will ultimately result in
'

_

i  . catastrophic failure under load?

®RcmovaZ
l

or Degradation ofCoatings# Can aueclroic tiles or

otlaerstealth-related materials be modified such that "silent
t

`rurming'f is impeded or impossible? A.
p

t

  _  A

April 15,.1991
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_
Limitations on Supercaustics

~

 ®Some are water-sensitive. W

 QAM rife toiic; and Co1frGsive§ though less? than CBW 
_ agsnts  'A

' ` 

 

1

 

h

~ ®Couritermeasures
 

"

 ®Limited_data basedue tb préprigtary industrialbasg 1
_ . ,

 '¢Fairly high specificity; no"'MagicBul1et" fbfall
`

_

'subst1°atés" ~ ~  ; '
 

 

`

ll,.@s;§ Al|@m11©@s -

»
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a

t

Application Methods

Sttpereaustics We have examines so far aremobile .liquidsi .

besides direct application they may be amenable to dispersal
as aerosols, liquid sprays, gelling into a seamisolid state, or

Les /tl|a1lhr'u©e

mcorporation into solids

F' `.Apri|_`1s, 1991
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EESSHELES DELHVERY MECHANHSMS'

 

~ PROJEGELES
_

~ » SPRAYS AND AEROSUBSS
`

Q STATIC, PRESSURE ACHVATED

» ST/mc, THMED RELEASE V

A
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3FF§EE§ii E535 BM?

Fueé Visccsificaiéan

® Eesi aésgciaiive poiymer (iribuiyl Ein flubride) ihcreaées
_viscmséiy G? ?ueS 100X ai0.2%  

'

 

V

 
 ;

@ New po§ymer provides same Bevéi uf viscosificaiion at  

 

o.@a%  
,

 
 

  
Q Aswssment of ciaims §or fareign material

, IL.@s. Allam@s_

'cn
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3
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3
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E

crmwcm. NGN LETHAL DEFENSE
 

 

Pwlymef Appiicmians (LANL)   

 

E FEE§ :E Qrgaw Tin ?0ly1fEers_ .. ¢ E

 

 

E Small AmmimRapmly AQEEEVES 5* MGX
 

 'm@E¢EingmEEEE  
 

 

 

E E

E REVEESEEEE with Aimhols _
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CEMEEQAL NGN LETHAL DEFENSE

Filter Clogging Pol§1mers(l_, ) N

E Nonloxle Commercial Food lnousmy Polymer E

 

W

»

E Polymer Can be Sproyed or Aerosolized
°

E Shots off Awww through exclosion lilters (Not cylooneelype
filters) _

`

 

.

  

_

 

'

_

T

<°> Small Amount Gbslruets Hi.gh_Su1'l`aoe Area Filters (Gas
'

Mask Camidges) _

 

 

~~

»

`

E

`

°

E Greer Potential Appliealionsze
 

.

N

°

~

E

E Ship Propeller Pooling
`

~

'

E Submarine Cooling Water Intake Pooling'
 

~ ~

.0
.
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e

 '?h®'iGChI`®H'£iC Agenrs
 

 

e Mechanism: Black Gut Windows Reversibly G11 Demand
'

ereppiicationsz
'

N

 ._
_

N N enneaeea in eine Windsineld--Adaptation oft ;
1

N

'

Commercial Technelogy N

_

.

_

_

 

Q Piastic Film Lnmnate (Trensparent and
 

_

V

Undeteczfanble)-Some Engineering Development Required
 

Q spmyabre nesnr (Airnppiieé, renee Laneing)~Requ;;es
N

Substantial Technical Developmenr N   '_ 1 A'

'
a
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CIENHCAL NGN LETHAL DEFENSE
 

Feam Appiieaiiene (SNL) e_
 

e Sémieky Feem: Tamper-Preeiing. Secure Eéems
 

e Rapidiy &epioyed, Dif&`ieu1t io Defeat
 

 _
e Herd Foam: Encapsuiatien of Detected Mines

io Prevent Detonation e

 

~

ee Veiume Expa.nsien 
_

° 

' 
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 CMEECAL NGN LET!-M DEFENSE
 

N

Rubber/Elastemels

E Targets: Heses, Drive Belts, Tires
'

.

_

E Mechanismi Embritllement, Depolymerization.
 _

e Embifittlement: Reduces Flex, Increase Rigidity,
 

Delaminatien, Fracture   E
-

'

 _

l

2
@ 2

Meehanism[Agents_  E

-

__
_

..

_

.

9 lnerease Cresslilmlcing-Accelerators, Grganic Perexides

E lnerease Polymer Rigidily (Flexible => Rigid)-Radical
E Addition Agems, Trifunctional Agents  

 

 E
 

`
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E

Rubber/Eiasiomers _

E Dwoiymenizaiimnz  

 

 

E

`

 

 

E Cmmms Eigh MEEQEEE wgigm Rubber

migiquié 'J E

»

 

 

E Mschmisms/AgeEts  

 

1 E

E

 

~ E þÿ�@�e�S�E�§�f�m� �z�E ¬�i�o�E�-�i�h�e�n�n�n�l�y�s�i�s�,catalyst 5

E Caiaiyiic Dapolymerizatim-pnlymei
backbom mpmre

4
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osotasoxrtow os aommms

® Mechanisms ofibegradationz
'

~

V

_

'

1
_

.

° Dclaminatioh of layered composites: caustic attack of cloth/adhesive »

°

intenjface., .

V

_

' i

° Corrosive attack of composites: superacid/supercaustic materials
dissolve 1/4" thick G10 fiberglass in hours,

'

~

_ __
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DEGRADATHGN QF FQLYMERS

©

l/lechanisms of Degradation (cont): .

° Catalytic Depolymerization of Elastomers: use of transition metal compounds to

. degrade high molecular weight pol_ymers1(MW>10,000) to liquid organics
(l'viW»4-100-300) has been demonsttated for a variety of polymers.

`

_

-- Filled polymers (e.g. tire rubber) will degrade as well as unfilled rubber.

- Some, not all, catalyst systems are air,'moisture sensitive.
'

i

1'
- Because of catalytic nature, smaller quantities are necessary. _

- Gontrol -of reaction rate is unknown.

.

- May require solvent for delivery to' laulk.

lL.©sléllaimee
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