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INSULATING AND LOAD-SUPPORTING
PROPERTIES OF SULFUR FOA M FOR
EXPEDIENT ROA DS IN COLD REGIONS

Nort h Smith and Daniel Pazsint

INTRODUCTION (ronl appros imate’ly stat ion 2 -+ 25 ot an adjoin-
ing J)e) IS uret hane lOst section to stat ion 2 45

T he thawing of ic e- ri c h fin e-g raine ’d s o ils in (see ’ I ig 2) No soil testing w a s  done’ on this ,cre’,i

t he cold regions e)f the’ world reate ’s st ’s e’ rt ’ us hit ii gent’ralls is  not appre’t ’iab l~ different
s(ruc tu ra l support and ens- ironnmental prob lems from that tested for the’ polyurethane ’ st ’ t ion
in roa ds and airf ields In permafrost regions , in- Dept hs to the top of the’ perma(rost were deter-
su lating mat e rials have’ hee’n used to maintain mined fo r the area bs using an e’ngine’ering It ’s e’l
t he’ (r oze n  state of the substrate ’ , w hile in st ’ ,i ,ind ,e steel probing rod su he’ri cons t ru c t i on
st) n.I I ( r us t a re ’as insulation is  used to prevent st ,t rtt’ti on 2 1 September 1 ‘I’O ~c 1 5-I h-square ’
freezing oh t he substrat e ’ Insulations , bot h see tion estending from station 2 + 27 S to sta t  ion
natura l and sy ntheti c , are rather e’spensis-’e and 2 + 42 5 us as staked out for the (0,1111 application
e O s t lS to usc’ . therefore’, new c andidate s are ’ be- in Oc tober 1 ‘ri) I his f i r st  stil (t ir to ,it i i $1,l(1 .111(1
ing deve loped constantly stib grade’ see t i o u  (dl usas m utt ume’nted tot

I his report (lest nibt’s the construction and the (empera(ure’ measure’mt’nts us i t)) t illee’ f lier
es- a luation of two e’spe’dme’nt road test see t ons ot IliOt oup le’ assemblies 11,15 ing e igh t points vat hi
foamed sulfur cov ered with e’spe die ’nt surfa .. ing I best ’ us t ’ tt ’  i nst a l Ied . ,ts  s hou u-n in I gu n ’ 3 hi
T he’ ins-e’stigat ion us ,~s t ondu’ ted in t on j un c (ion ~)t~L ir i t1g a slt i rr ~ o( I a irban ks si l t  (us t u e  ii late r
with the ’ Southwest Kescarc h Institute (S~% RI) elf ~‘tro,e) around ti le’ pe)s iti oni ’d points and lead
S ,IIi Antonio , lesas , wh ere the ’ sulfur foam con su ite ’s I able ’ I g is e’s tI le’ pøint lo~ ati ouu s oh .ell
cept uu.ts (ieVelO pe’d thermocoup he’~

A second 1 5-ft-squar e ’ st ilt tin foam pad (see lion
e) us a’. poured in Mas 1 ‘1”) . adpat ’ent to t ile’ f t s t

SITE PRE PARAT ION one’ . betwee’n the espetlient road sta t  1(1115

2 + 42 5 and 2 I 5” 5 (see’ I ig 1 and 21 I he’ ar e a
During the sti mm er o( 1970 a site w a s  laid out us ,ls stripped to frozen ground us ith .t front end

for two su lfur loam se ’ (lotis (d and e’ , I ig I l i n .un loader and bulldozer aft er (win g heated est trees
undisturbed are’ ,t at t ht’ (‘RRI I I armers toop and brush I roze n soil t o re’s taken from tii.’
Road F ac u it y near I air hanks . Alaska . using t he cubgr,ide’ he’rmot -oii p le in s t a l lat i o n bo lt ’s use ,, ’
origina l centerline of the F spedient Roads Test tested for moisture’ content and dii densities
Sec (ions In the early fall of 1971) part of t he area (set’ I able’ II) 1 his pad C% ,Is also iuist i t i ul ie’ I i t , ’et

(appro s im at e ly 25) \ 20 It) was cleared o( all with thre ’ e thermoc ouple ,isse’nlhlies oh e’ight
tre es and underbrush leaving the’ natural vegeta- po ints each 1 he’se’ ,iscei iu bhi es us i’ll’ .i lso i ilst .1ll
(ion mat intad The ss ’getMuse gto w th co nsist ed e’d w ith ,u si lt sh unts at the ’ hot ati em ns sflilu% U ill

largely ut small spruc e’ and us illow (roe’s , low I igure I
ran berry bushes and moss I his area este’nded 
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Tab le II. Properties ol s ubgrad e soil beneath sulfur
f oam pad. ’
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(melt ) ( lIe te st (1,1(1 us as pO ’ I I F  1’d in two p ,‘,- I,i~ s i

to 0131,1111 .1 reI . i t ice ’ I~ l ’ s ’ ’ ) )  s U t f , i s  ~ at t l t s  it ’

(‘ onlpo nt ’nt 5.\ (‘ ig i lt (1131 qu ire’d tiii& isi)t ’ss ‘\inoit Ir.ilt of * ‘,it il pls ’4 ’ ,rl. ’d

“ ii If ur 104~
) 5) h.ttc II 5s .35 ,io )bl l it ’s( t s 3 ,3, I) 13,111 ,0 tI )~’ l i t !  ii ,‘ i P t

1,IIO 10 5) ,iritj lINe ~o u t ’ s t  ,iirt J ,‘,l’t~ ,ii lti ,i t i r i , r I  (i ll, Il uu ,is

~~~ (phosphorus pe’n a’.ul(ide) I’  d used . r s  It ’s elmg ,~‘, t i  ,tii(I to r l r , i L s ’ tes t

N .P0 4 (phosphoro acid) 1’  0 s .ir n l 4 l i t ’ ’ . I i)te ’t ’ ‘.5 (5 (l( It ’ tl t i - s t  5 .015 4 ) 10 ’ ‘c ’\ s ’ ’. (I 5 ’ - .1

1 ‘
~ t ’.t hoot ( ,Idie’ne’ I ~

) ‘ , % ( I (  i t o l  l115 ,))(is ,irrd s h i4 spi r l , ’ ,‘i)I, ii rl t ’r s t o i l

[CP (tr i o resyl phosp hate) U -‘ ‘
~ t h e ’ loll, s .iilr plt ’s 1 host ’ us t~r t ’ t ’s t t ’ i i s i ’ s  t ’ Iu t es t s ’ ,!

,lI)ti 0 ss r) li lal (’ LI ‘.s lii si,i l t ur Io,npi s ,s i i s p It ’’. t, ikt ’ii
A lthoug h most (If the’ latt ’r batt he’s iust ’o I st i l t  ~ir ( l i l t ’, t I~ I r o st ir t iit ’ pjs,I

pre’nit’lted in a m,uke’-shift , stealn - ht’ ,l(e ’d barre l s, ’ , t ion 0 ’ S.% ,iS 4 ioiuu i t ’ti t S r )  1’ ’ \ ) ,is I’ I is it ’ll

the process was mnte’ncle ’d to be’ ont lut feel h~ t b ’  gi o’ lii ld s t i r  t ,bs t ’ 0% . 1 ’ . st an l u n g  t o ’  I s ,r is  l h s ’
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I i 4 ~’ l J ,  o 4 4 un ish app l, , I ( I 1) f l  Of foam , s. h o w) f lg  f i gure 5, VVooden boxes wi th poured sul fur  foam
(Oflsis (1 111 5. , i rnc l  ,mpp/ )U,ltIi Sr i  t t ’c h r i iq i i v , Ptl,i sani p les , Octo ber 1970.
4 ~I “ I
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I ,gu ,rt’ h. I , , i ’~ i,ig f ibe rglass mat on f ru i t ’, )  f i gure  7, Apply ing LP- J modified su l fur  foam
‘.~d isfr , i te , M,,’, i ’i :  i . onto fiberg lass mat , May 1971.

* 
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I ~~‘ i i s ’ ‘1 Ios,im ,ipp lte ,stion on lro ’ie ’n subs tr ate ’ t) l  I igure 9. Roll ing molten sulfur on fiberglass web-
t ,, r h a lt iii p i l l  1’,~l,t i ’) ~’! - !)IIW (f i n ishe d surf ace), Ma’~ (97 1.
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re’ .te (or e’( IUIpi ile ’flt iis e ’t l iii tht’ () lube’, 1971) the’ re’ ,i( tot was  tist’d tel di ev e ’ a set of llsmsc m s ~ ~iatf
foaming bac h been winte’ti ,e’ci anti sId led tin the ’ tile’s inside’ the’ i’sst ’ l Uonmprt’sse’cl a i m us-as use ’tl
smie few use on this IlsIti I ht’ torniulatieui dmlte’te’d to c’4ie’i the’ nuobte’n $o, i~i throughu iflsul,ite’tj
lwmii the’ l)re’vid)us one’ by (he’ adth itmon of a hit~tiici host’s 1 his bate 13 l1i ix ifl)~ te at tot ss ,is U hal~ t’(1
I)I,lstiI i~ cr , I hmo ko l I P I, to re’dbu e’ th e’ m ettle ’ w i th  the ’ I warn t onlpone’nts , t ’ue e’p( the’
natult’ of th e’ urt’tl loani I his pol~’s ult meted phoupho, i t  at id , thi t)u~ h ,i halt h in t he ’  tt qi (I ig
e’th ylt ’ ne ’ c onipounel us-as atbde’d tel ti le’ ( m r s t  baIt h It)) I he’ 1)ht )%Iliie )l Ic at id wa s  ,idt fe ’el t hroei1~h a
at ,i 2’ ‘~s~ by we’i~ht ratio Sint e’ (hi’ first i’,it ii ‘, ,eI’, e’eI iiile’( limit ’ ,It ti it ’ 10(1 oh fi le ’ ‘s t ’ ss t ’ l  us ith the ’
0$ loam ~we’r he~ate’ei , ptt’suiuahly titie’ to the’ ,ieh eise ot a tuuine’l A pipe ’ t)fllle’ (mi l l )  on ti le’ meat lot
dit mo n ot t iut ’ ( I~ I tht’ amount ol ,mdd it is . ’ 5% ,is us as ava ilable’ ltn ,ippls’mng Plt’~~ul i ie’tl s te S ill
re’tlue i’d It) I ’ i ~b h~ we’ight t o t  ti le’ le’ iiI ,iin i,Ig dii c ’e I Is to the $tm ,tfl ) c h est i~,ti go’ (lilt’s leo e le,ti out
I i ’s. ’  13,1k he’s sol id i ls in g sti lt o r lt ~,imii , i l te ’ t e ’ae 13 ,s(,p lat ,tti (ll)

I hi’ (uni t hail ol the ’ t r t )z e ’ n s embgt ,tebe ’ t es t p,md I he’ re’ ,e,, tot pt ’ Oe) l nied us- e l I us ith li t ) sfle ’ t ham
us ,is t o ’, e ’ m i’d us ith I ‘ in t hm t I, I ibt ’ rg l ,m ’ s s e ,el f a i l t i i  e’u I he’ Ie’ Iig t 13 01 time’ te ’ t~o mmre ’ d to

iii,i tt ing ( I i~ 1’) 1 13,’ ili,t( t 11115( eStt ’ I)t lt ’tl o ’ ,’e’t the ’ pt e’par e ’ .1 101) 113 h,i (t ii uu ,is ~nob,itsl~ in t he’ I ’ i
e’ nt it e ’ us it t t h oI the ’ IS It us ide pail (mc l i i i  stat ieni  to 1 iicwii i ange’, ,ilt hcltmgh b,itc, bus ’s cou ld t on
,~ + 42 5 ( c i  stjt iou I + SI) ,entI ss , i s  l ’SIWt t t ’ ( I It’ e e’ lu ,ibl 5 lot ’ t ~t he’d t hreltig i l I b)e~ ~ ‘,fl t ot ill ,ebot it
(11(15 i(It~ ,i ( Iehe t l ten s ile ’ s ( ue ’ i i g t h It) liii ’ ~~iil ISSI . au ii t l tml us ml ii ~ii~ iiit ’ lle ’d su lkmi ,i ’ , ’ai lahl e’ I he,t’
hiat t i~e’s ci t t t i ,iili SS e ’ iu p e ’ tmme ’ e l  oi i t e i (ii i’ Imhe ’ ig l , ess we l t ’ ( i l ( l i ) l e ’ ti i s iii piod ue 11mg foams clt emts m l o inu
i i i ,~t lmtl~ ~I i~ ‘I anti 15% tO mcl i i ’  bate Ilt’ s ss,’le c 1sialm t 5 in chil te ’ ie ’ nl hiatt  hit ’s , as might be’ c’s
pemu ’d Oil ti le’ tea t ii,ilI ci f h it ’ p,ieh (I ig 8) 1 he’ pet t ech m u .1 Ilate 13 (54) ,’ C he’mii it ,eI ~n 0)0 ess
h u h  hate h us .15 u sed to (ill in some’ low sptits
b e  ,ite ’d ge ’ netall s i i i  Iii. ’ m ich e ll e ’ and le ’ (t me ’ am
eitiaclr.i” I ‘: lb.’ p,id I he’ hatolene ’ol p,ici was ti ie ’n ENVIRONM ENTAL. ASPECTS
I e l%eue ’ t I Iii .1 t r i ss e Ills’ () ,ltte’t ii ~‘. iti i .i tiiit i
t ibe ’t)t l,eu’c sst’hhiiiug Itlolte’ii s~m ltiit %u ,ls tt il le’d ciii Aui i h i i t ’u i t  ~i it t e ’ l I ) 4 ) ( ’ l , l t (mte ’s  cliii i lig ti le’ C t i i i s ( lUe

Iii this use’b liing (0) hitiiitl it to (hit’ (0,111) se it l ,*c t ’ ( b ill ill the’ stml tii i pad us St’~o te’nsbcq &)c
( b i g “ I) il l ,iil ,itteii i ~ it b~ S~

5t RI Pe ’ i stu i imlt ’ l  to plo I’~ ‘ ii use ’ i t ’  IIie )( le ’ i , Ik ’ l5 C 0(11 su it i i highs (II 250  (t O

mc li’ a inure’ durable’ loam p,eiI sui l .ec e’ 1501 ,inel 1(155 5 of I I” (u 1” ”i S )t e ,ision,il bi g ht
snowf a ll d e i ,m iig ti ie ’ te ’ st ,ic c t in teil, i t e ’ eI t oo ,t 1 to
2 in ground c tos e’ i ,)nei ,w tii,*I to,einiiig took

SU LI LI K I OAM I NC I QU IPME NT pi,ec e’ oil top tot a I in snows (I’. m’ m ott u ’e ’ g e ’ ta ti ’ , t’
i l i ,et (b ig I I)  I he s eibgratle ’ u, i i l ae e’ Iempe’matute’

I he’ re’ae tul e’uIIpl 1 )~ e’e l 1)5 S’e% R I pe’t sonmit’ I t e ’ i

t he’ instal lation of (ho’s.’ s ii l f iii t u,mil i Ie ’st  see lions

w. is  ,i e o i ivt ’ rte ’t l , s le ’ai i i i sl e ke ’ ie ’th pm e’usuue ve ’ss e ’ I
iil,l(b(’ of nobe l steel ant I o~i e ’ iate ’ cl ,et 81) psi s le ’ ,en i -
pre ’ssu re ’ A u e’1e’t (t ie uiiofoi ineitmn tem.l on lop (It 

-

I sgur. ’ 7( 1 ( )pt ’n lt ia (lmng hatch , s t i r r e r  dr s s e ,mne/ 1 mg m,u ’ I I  ~p;i ls ing s i i l t m a i  foal)) Oil 5005%
,i,t pressure’ Is,,.’ on ~~5 RI ,e’,n te e e e ) u e’ it’ef e’ge ’t.stiu e’ l)),it Oe tether 1 t)’ ()

t i

_ _ _ _ _ _ _ _ _ _ _ _ _
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s~,es I0°h t tc i tmr ig th e ’  in itial ,epp hec ,e(eo n ~if t us a m li st ar le ’ t i  I )oi e’ lii t he ’  05 .11 l) le’ I 10119)1’, , l t u i lc ’ s  in
I he’ ti f it ’ r ,i I it it i ti l ,e Ii e’ c $ ci 9 nile’ i l l ci seth u ui liii ’ c t ill t u b ’ ,  oct - ‘~on)e pot I ions c i t ti le ’ so h g, ,ic le’ bat h ,e ‘ 3

s Pelt turn jiro t t ’ %s s’, ,ls not act s t ’s s t ’ l~’ , i t t ec t et i hi~ (ii ‘. t o Ib m . k me’lle’tl s eu i t , j e  e’ ia~ e’, ,O enga i lic
(he ’st ’ us .‘~e( i )e ’ i c o i io i i t m t iuis t) 13’ , meit isl ~ , s( il iie ’ t e ’ ui i  silt se ’ sti ll eu l~~,e,ll us as ,spplme ’ci on Ibis sIr upj ~vei
pe’ r, et ure ’ e hie ~~i 05 ,15 e’4 it ’c tech iii h it ’ to,uni ,il (t ’ i be’ ,i i ,,l ~i,et t iah I s  l haw e ’ eI s uhss (u a t , ’  I he’ high
co g e’spc ’ (lest 11(11)) I he re,s e te ~ ,s t 2’b()° I us - hi he’ t o t  ii~ liii.’ 1 tint e’n oh iii. ’ sc mm l ac e’ hail Ho’ i t ))
(h iss ing (h resiig ii IS 25) (t oh iie sc ’ I, o i isich. ’ein g the ’ iiie ’di ,ete ’ mie t iu e’ ai i bv , ids e ’ ts e ’ el iot (5 ot) ti le’ ,)p
,ihc w e ’ heat loss (he ’ (e ui i p t ’ u ,e t ( i te ’  ci t (iii ’ le i ,eii ) ,it ~i l i c ,ii ioui u t  (ii. ’ Io,e iii ~ Ise liii d i t to  iiIl~ was enthe’ 11ev / be ’ w a s  prethabl~- in th e’ 250 Itg)°i m ,smsge ’ i ot mn tt ’ ie’ i i  d ci , ing the’ ,l(i( i ) i c , i t uuon t O t Ile ’ uiie ’ lte ’ et
,es c ’ s ide’no eel h,~- h it’ t ,ipi tl s oh i eh i l i c ,Itit ) l ) d l )  h it’ si m i l t i m s u mu l ,lc 0 I re ’ .i( ullt ’ il t It’ liii ’ uu.~ruii lc aiii
greot unet (e ’ le ’iiie’ii(al s~ i ) t i j ,  sc O i ch i t ie ’ s ,tI ,t(ipt(iS 

~s Itiiougii lit’ t i i e ’ tni , io co up le’ ie ’ .e( i i i lgs we re ’  I .e ke ’ ui
i u)i,I te ’h - 2 140) 1 he’ ole) S i ) t ) 5% ,i5 e’i d l i  th it ’ den eng ls o ,ons mng ml u%,ss si~~ie’i nl ii ld’ ci t hat Iii,’ th , isu
sumbs t t , ) te ’  e ,e u isc ’,l ti l e ’ (c lam (0 h,i,cle ’ ii t i th e kl ~ ,iuiel line’ eiu t h \llei ( ie,mt 13 (l ie ’ i i i  depth te l l  ii ) d ,is s
lot 01 ,e cte ’ nuc ’ hot (to ll ) I as e’ i in t h e ’ till 80 113-I t ’ dt ’ ri 1 hue’ e’ ,l c I en a He1 of hot 00) lii) ii h e’ ll I co pe ’ , ,i heel
si t s t ,inge’ I ii,’ ue ’ p ort  ‘ los ‘o~o\ RI con th is  ( i uo l e ’ e I s l i c e e ’sslulI~ in t his o ils ulOflhlle ’t l ( . ,sl t hcoe ,g h som e’
has seome .ield it i crn,i h t1,st,i imh ie ,itilig that s,uii i l, i, moistu re ’ th,ii hail e ei ) I e ’ c It ’d ii ) t Il e’ te ,w Iii, clueing
te’ s e i lt s clo t u i mrt ’ e I  us h,’,i s c i l t cmr  tc i ,t, n us ,ss ,spplee ’sh us intel ste ) l, )ge ’ at the si te ’  t hi th to he ’ es ,i~i cse a(t ’ el
to dr~ it e’

Ike’ t complc’tc ’d pact shouu e’oI sig h s cO t st i l t , i t e’

— 
c rac king w ithin ,e ci,e’, to Issso ,s t te ’e omis~s bt ’ j cson TRAF F IC TEST LN(~ ANt )
1 he thinner edge’s cit (13.’ pad se’ (l~il ,%(e ’ ( I h u m  tile’ TEST PAl) OBSI R V A T  IONS

111 ,011 u)lau s clueing lists tense ’ bee ,Si iSs’ tO sl~t inkage
1 he’rnioc (s imp le’ tt ’ ,,ch mngs takt ’n be’h~ ii~’, cliii rig l ii.’ u’,e’e’kI~, ie ’ac hings , ‘ f  Ike ’ t i ie~ i i l i c ~c .~~i ( l le ’s  ill

~i nit *1 (1 Ot ( idO l i i  Ii g the’ t 0,51)) s hews- i’d hat ti le’ st a b Iett ss ml liii ,e net t ic ’ bo’.s I Ito’ he ’ st p ,sc Is use’, e’
su i)gr,ltIt’ st ilf,i, e ’ le ’,ie h e ’d ,l tll.l’ einiLil)) cli I ‘“I to) mt udts .ltt’ ti’e’ t , i te ’ anti depth c’I thaw ing du el
u-u bIle ’ the’ te ’mpo’u,itu ire ’ .1 in heleius (lie’ so ib gr ,iele’ t t e ’ e ’;ing iot the’ ,e. Ii’. r st iul l,i~ e’i c )hse’tu , I t ie ’ l )s
sut$.so c’ and deepe’e rt’t ii,liiit’c t line fi ,tnge’ol ,it uue ,e ’ disc OIih ih)( ii’ et cliii lug Ike’ us i i i tem us iu’,i the
e’ss e’hl t  i ,ibl ’ . 12”I ,lt ii’. c’ Ia’. e’i bet ,cnit ’ It’ll cizt’n f ,i I lIe’ 010(0(1) sit tilt ’

‘e%’e’,ithe’t c cn )dh i ticll)’ , d ti ui rig (lie ’ ?5i.e ’. t ’ ) ’ l  cte ’e ’pes t Ii)e’iifl’iu ell i l i l e ’ I i gu m u e’ s 1.’ ,iiisl I 1 siut i ~u
stjlt iii (el ,ti )l i ii g ust ’l,’ 10011’ l0ileit ’t,ll e ’ tll ,ln ii) tile’ Ie’i)Il)e ’i.lIiilt ’ e u t ’ .  c’s iri tile’ ii i s oila t mcs i i ,intl
(,ill us tb highs in h ut’ 40- 1 0°i ,,inge’ ,imu, l lew u s mu somh gi ,itte’ t o i l h ut’ t )e (c I ( )t ’ l  )‘ ) t ) ,tii cl \l,i’, ) d )  ‘ I
(h i, ’ 10 s Most ost t he soils ’, il, i~I u~~e ’ltt’ch hi’ . til t ’ patio , lc ’ s (lc’u (mu e’ l ’ . i igu ti ’s 14 .Oiet I i  s lic ius si i u
(m iii,’ (lie ’ 5 (r i (l $iill g oi tie’ i, b (ioii te)r the ~i,*c i s’,,ts t ,ui c’ .itud pc’tl) i,itiu lst Ole ’ ’, ,l ti c ’ii s ,iiiet 1 , i%slc ’ I I)
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Figure 13, Thermocouple assembly readings in section e during 1971 ,
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Figure 74, Surface and permafrost elevations of section d.

gives the maximum thaw depths under the pads The natural surface insulating qualities of the
during 1971, Figure 16 presents the freezing and area and those provided by sulfur foam can be
thawing indices for the 1970 winter and 1971 compared by referring to Figures 14, 15 and 18.
summer, and Figure 17 shows the plan of the Figuresl4and lsshow maxirnum thaw depths of
thermoc ,iuple assembly in an undisturbed area. 2 to 3 ft beneath the sulfur foam pads. Figure 18
Assembly 13 in Figure 17 is a control thermocou- shows the ground temperatures at this site dur-
pIe assembly installed at an undisturbed site ing 1971 and the maximum thaw depth for the
near the Expedient Road Test Sections, year of 3.0 ft which occurred in August. During8



F o a m  Suitoci

- \ \
i8 Mat ‘ 7i\

- 
~ i2 Au~~7I

503.00 - --.- “~~~~~~~~ 
- —

--
F,o:In Subs l,ote , 14 M ay 71

~ 502,00 -

S.

L.J

SO i OO -

- Per rn a~ ,os ~~~LSe.i , —

- I ~~~ - -~~~~~~~

Otsbo nce f rom roOd c.nle,tifl . f t

Figure 15. Surface and permafrost elevations of section c’

I I I I I I I

Fr~~z4ng S aior, , 194 days -.- IPiowing S.oeon, i89 doys - - —

‘5oo~
-1000

1500 ’

- 2000~

~ -2500~
S.a’o - 3O00~ m -

Freez ing mn des: ‘ 657 3 dsg doys( ,F - ‘

- 3500~ 
3652 de 9-doys( C)

-4O00~

Thawing lnd eo -
3554 dsq ’d oy s ( ‘F l

-sooo~ 
1 974 dsq- d oys( ’C)

- 5500

-e000 f

- 6500 t
— ‘ I - + - — 4 4

SIç~~0cf I NOV Dec
1

Jon I reb Mar l A De IMay i jun 1~”~ 
Aug l S sp Oct

#970 971

Figure 76. Air freezing and thawing indices for Fairban ks , Alaska.
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b. Pr of ilsi
F igure ( 5  lhermocoupk’ assembly in undisturbed area .

the early part of May 1971, the su lfur foam p,ud restmlted in sonic compressive failure’ ,ilthoiigh
was subjected to toot traff ic and snow (- hearing the test usas ,uc identahly tipped over I,ite’ in the
equipment operations Those operations caused winter by snowmobile’ (r,uf hit’ A dditional
some minor compressive and (textural failures damage’ was caused by the’ falling weights
w hich allowed infiltration of mcltwater during Some’ foot t raff ic also oct-urrc’d on the rue’usi’.

spring thawing- it later adversely affected the unstahled May ~~71 sulfur foam pad before’
performance of the test sections under vehicular MOMAT (a tibcrglass’-remntort ’t’d pI,sstw ’ mall
traffic was placed over both pads and the vehecular

A static load test (location shown in Fig, 2) on traffic was started on 21 May 1971 At that time’
the October 1970 pad for t he 1970-1971 winter a 20-ton wrecker and ~i tractor trailer rig were

10
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Figure 78. Temperatures in undisturbed area during I9~ I .

Table Ill. Thaw fac tors and max imum thaw for sulfur foam in Fair-
banks

Foa m thic&n~~s Masirnum thaw depth’
Range -4vg L ocation Dept hs

Foam pad (in ) (S n .) Date (s(a(iOn) (it,

Oct l97O SuUur 2 0-b 7 42 10 Aug 71 2 + 1 6  2ti ea
Pi f t right of (

Oct 1970 Sulfur 10 Aug 71 24 46 CS
li t right ot ~

Oct 1970 Sulfur 10 Aug 71 2 + IS t, 24)

Ma y 1971 Sulfur ft P- i) 2 6-9 5 49  14Sept 71 2 416
C i t  (etC of

May 1Q71 Sultut (P-I) 1 3 Se’pI 71 ,~ + Ml I tO
6 ft left of %

Mass 1971 Sulteir tIP-I) It Sept 7* 2 -4 60. 5~ - 
27 13 

-

‘Obtained during 1971 f rom thermocouples beneath sultut pads
tDepth below origi nal turf ace etessa (ion

1’)
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Table IV. Properties of sulfur foam.

ASTM Denst ty
Test no. Value ( lb,It t) Source of mate,tal

Wale r absorption 02842 27 3 (volume SI 34 3 Oct 70 foam pad
259 263 Oct 70 foamed en box
229  367 Oct 7o f oam pad
790 226 May 71 foam pad
748 229 Ma y71 foam pad
576 21 3 May 71 foam pad

Field (HR 16 3% a t 2 i n )  36 Oct 70 foam pad
(Sta 2+30 1 S ft rig ht of ~)

12 32 Oct 70 foam pad
(SCa 2+30, 6 lef t of ()

Compressive strength 01621 280 ( t b f l u n  1) 128 Oct 70 foamed in box
292 192 Oct l0 foamed in boit
23 5 195 Oct 70 foamed in boe
7 6 200 Oct 70 foamed in box

102 7 207 Oct 70 foamed in box
41 4 21 7 Oct 70 foamed in box
467 22 7 Oct 70 foamed in box
52 5 23 1 Oct 70 foamed in box
890 238 Oct 70 foam ed in box
628 247 Oct 70 foamed in box
18 1 248 Oct 70 foamed in box

123 4 342 Oct 70 foam pad
92 3 35 5 Oc t 70 foam pad
911 37 5 Oct 70 foam pad

145 0 382 Oc t 70 foam pad
610 17 6 May 71 foam pad
321 19 6 May 71 foam pad
446 206 May 71 loam pad
51 2 21 9 May 71 foam pad
580 261 May 71 foam pad
245 208 Mar 71 SWRI sample
21.2 21 5’ Mar 71 SWRI samp le
22.4 131 Mar 71 SWRI samp le
24.5 li St Mar 71 SWRI samp le

Compressive strength 01621 47 2 (lbflin 5) 27 4Sf Oc t 70 foamed in box
(before ,ind after 361 31 9”’ Oct 70 foamed in boi
water absorption)” 446 200ff May 71 foam pad

42.3 22 2” May 71 foam pad

Compressuve strength D1621 123 4 34 2ff Oct 70 foam pad
(bet ore and after 81 8 486” Oct 70 foam pad
freeze thaw tes fl t tt 145 0 38 2tt Oct 70 foam pad

49 7 511’” Oct 70 foa m pad
87 2 21 7ff Ma y 71 foam pad
92.9 309” May 71 fo am pad
89 1 21 8ff May 71 foa m pad
467 34 6” May 71 foam pad

Freeze-t haw C291 7 (cycles before failure) 34 3 Oct 70 foa m pad
4 367 Oct 70 foam pad
5 226 Ma y 71 foam pad

11 229 May 71 foa m pad

Density (after water 01622 538 (lb/ft’I 16 7ff Oct 70 foam pad
absorption) 50 3 .34 3tf Oct 70 foam pad

45 .6 26 Itt Oct 70 foamed in box
288 21 itt May 71 foa m pad
346 22 6ff May 71 foam pad
31 2 22.9tt May 71 foam pad

•S% LP-3
tV/uS [P- i
“ Paired samples (cut from same peece)
tt Befor e testing
‘ “ After testing
tf tPair ed samples—cycl ed between 25°F and 72°F

- — - - - -
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I tgure’ 24 (‘oohng curses of sOt l ion ci , the ’rnii ~coop /t ’ .ussom b ls 4 ’

1tstX) No re’ading 1 hun toani added oser most (I able IV) 1 ht’s ’ si i’re pe’rtorme’d dure’i t l~ itO tile’
1 t 4 S  Re’ading of the pad loani surtace’ w i th  the stamid ard (BR equipnhe’nt

att ac hed to the but ke’t of ,e small fr au k mounted
2 .)t tober 1 ‘1”O tront e’nd loadt’ r Both sites shois- e’d e urcui ihfe ’ re’ u’ i-

(‘rae king during loading indi c a ting th,it the’0825 Iinah reading
fo,im had tai led in f le ’sur(’ due’ to the’ highis I lesi

The p’riod from 1645 hours on 1 October until ble’ uinderls-ing s -e’g e’ t atu s e’ mat
t ht’ nest morning us belie’ted to he suitable ’ for
s u h  a calcu lation Although the first and l,sst
readings are not poined graphically with the rest LAB TESTS FOR PHYSICAL PROPERTIES
of the’ urse ’s , it tan be assumed that the early
set of readings touns the ’ graphs s a straight lines lable IS contains all the iab tes t resuits tot
unti l the’ time’ of to amung . an d that the’ last set of the’ s am uous samp les of sulfur foam tested ~ ll
readings to ins t he’ graph by smooth c urves of in- density Ineasurelhiemits store made’ on 2’
c reasing negative slope’ This can be’ ju stitied by 2 1 \ 4-in samples
t hi’ tact that the ,iur temperature’ during the’ 1 here’ were’ three’ distinc t sOUR c’s of ti’ie’ foam
period under consider ation remained nearly- con- samples , t he’ most important b r  the’ puepose’s of
slant this report ss ole’ those’ trom the two te ’ st set tu c ’ i is

A thermal onductivuty s ,tlut’ of approsimate- the’mst’ls es Samples were’ taken direct ly from
iys 0 S ~~~~ en hr t t ’  °I was obtained by this the’ pads ,st aIlO (ls time’s afte r the’ foam ss ,t s
met hod for the toani with an average’ density ot poure’d on the’ ground and had sohiditie’d A,
(S lb- it * Although the’ prcwe’dure is not rigorous tind source’ is as One’ ot ti lt ’ October 1~~”0 batt ’he’s
iy esact . t he’ value’ agrees quite f .is or,ebl~ with from which poured samples we’re take’ti in thre’c
an estrapolation of SWRI ‘ s resu Its wooden hose’s he’ hoses 5% e’re’ then pat kage’d

Two C,ihifornia Bearing Ratio ((‘BR) te’s (s were’ and shipped to (‘RRI t in Hanover . Ne’ss Hamp-
run on t he front half of the’ October l’-170 pad shire’ he’ third suurce’ ss,is the’ S\\’RI habotators

‘5 
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at S ,eti Antonio 1 e’xas . from w huc h samples were’ strength vs density- plot ot all the te’st dat ,e pro-
sheppe’d to (‘RRI t for testing duced no def initive’ relationship due to ext reme

f t is interesti ng to note the’ d,tl e’re’nct’ in den- se atte’i

sit u ’s tend e onspre’ss ive’ strengths betwe’en the A seniiLi r Si alter of the ompmessis e’ strength
Oe tohe’r 1970 foam poure’d in se ’te’r ,il lay e’rs on ,end density data st ,is ncste’d for the I P- 3 formula-
the ground and that poured en a single layer into (ion of Ma~ 1071 1 his l oam had .e oncentrateo n
vs oode’n hoses at the same ambient air tempera- of de’nsit it’s in the’ 1’)- to 22 -lb f t  range’ ss ith
tore’ I he foam poured into the’ boxes had a den- strengths in the’ 42 to 51-Pin en range’ I ess-e’r
s i ty  range of 12 8-29 9 lb ft  * and averaged 21 4 c omprt ’sslso sf re’ngt h tests were ’ run on pad
)~ 

* 1 hi’ density of the’ foam pad, however . s.snip le’ s than box sampie’ s lrom the’ October
ranged from 300 to 38 2 lb f t  with an .sve’rJge 1 ‘17(1 pOur , but t hose’ run Ofl s,iniples en the’ 34 to
value’ oF 46 1 lb f t ’  The presenc e of moisture’ on (8 lb ft range’ g.s o c ompressive’ strengths i.iilg-
t he pour surface us suspected to have co n - ung f r o m  94) to 145 lhf in Represe’ntativ V test

tribute’d to the’ hight’r de’nsutut ’s in the pad dat ,s for all sanip les are’ presented in I able’ IS’
Variat ions its the foams we re studied in small I he’ ~s 1tter absorption tests  indit ,iCt’ t hat tiie’

sample’~ ( less than 2-in cubit ,sl shape’s) selec ted (P 4 formulation us less ahsorhe’nt than the’
to m their homoge neity- In the hosed toauis , esrigun,s l form iici l,ition I ie ’ld obsers ,ituofls ot the
sanip le’s .es light as 10 7 and iS 4 lb f t  * store’ O totter 1 ‘F’t) pail endue -ate ’ that it absorbed a
tound. howe’s-er, there’ were ’ many dense’ sp ists large’ am o u n t  of sprut ig meltsss ,stc’r (during \ t a y
,ind l,ey t’rs en t he’ foam , ,sccount ing b r  thc’ heghe ’r I’F i 1 w hich t ot itribute’d to flit’ poor pe’rform-
,iv e ’r,egi’ cle ’ mlsutt  tiit’t~tt~ nt’d above’ ,Cn< e of the’ pad tinder litt le t r a f f i c  use’ I. oni

A, simila r e h&’e. I~ was  made on the’ to5sfls pad pre’ss u’. e’ str e’ngt h measute ’nhe’nts pe’rtormi’d al te r
o nt aen in g t 1’- 3 poured in M,iy 1971 Its ,it e’r .ige ’ the’ ss atom ahorpt iomi t ests indicate’ a mamked

de’ns ity was 21 6 lb ft ’ vs ith a de’nsitv range ’ c)f ni’duttuoii iii strength iii the original to r lssuilat uetn ,
1 h to 2tt 1 lb It’ Sonu’ small sample’ s wt’rt’ hut little ’ loss of stre’ngth in the’ (P 3 formulation
se ’ lt ’ i. ted , as pros  uou” ly- , and densities in the e3 to A similar st re’ngth reductuon ot t  urre’oi after
140- lb- f t  * range’ were found 1 he’ density f igure ’s tre ’e’ze ’ -t h,is ~- t os f s  1 he’ P f o rn iul at io m) lasted
,ilnne e,iclitate’ the’ large’ s ,it cat ion that also vt - through more’ v i  le’s on the ’ ,tt e’rage ’, t h,in the —

c urre ’ d un thus batc h of sulfur foam ~sre’p,~re ’d un original tor nse i(at ion All s ,imple’s sp,slled to a
‘~las ka . ,ilthve~gh better low density control is snii,t il e’Sti’mit and typ Ic , e l ly  tj iled from thertiially
,sppare’nt tor  the’ May 1971 foam than for the 4)i indue- e’d strOssOs Geuse ’rally- , tile’ (Ic tobc’r 1070
tober 1 ‘i70 foam 10,1111 had a su tts (,ets ti al re ’cita c ’ttoe ~ it) Otii pR’%st\ 0

I he’ ompre’ssis e’ ctre’ngths of these to,tms strength ,itfe’r file’ tes t . st bile’ the’ M,sy- 1071 loans
were di’Iernsine’d in accordanc e’ w ith AS! M ted ri’t ,ieuie’d tilost of its strength
u S e s 1)1621 using the’ load at a eie’to rn iat io n of t hose’ phx- su - ,tl property t est s we’re’ conduct’ei
10% of the’ orugen,s l sample’ height or at a le ’sse’r * 1% or a period ot iii months after bo,lnseng the’ (‘1u -

deformation it the’ maximum load oc’c urte’d tobe’r 1 07~) esnugits,i l torniu Pa tuot i , and nem’
befor e lO°b deformation 1 he’ malesrity ci t the months ,tfte ’r ti’t’ May )0” I P l’ - ,( tO,CflhIflg
s,ernple’s tpsf,’d meat he’d a t isasimemns strength ‘s ,ensp le’s tha( vs e ’ri’ broeight (ci tile’ labcsraCor ~-
value t)e’te) re’ 10°o de’forni,ttic,’in oc t  urre’d P O5%e’l •itte’ r e’ae is tie’lel trip, along tt ith those’ obtained

es nsp ressi vt ’ strengths , b r  c omparable’ de’nsitie’s , Iron s  the’ paefs at later date ’s vs o re ’ st es re ’ei en .in in-
were ’ o,btaunt’d tes r the’ samp le’s with st re’ngths sulafod room at te’nipe’r,Cte ire’c 01 40° to 7001
e .iit ulate’d at 10’6 deformat ion 1 ht’se low-er be’tore’ testing No trend in the loss 01 stre’ngth
st re ’ rsg t hs We ’ re ’ generally iri tlut ’ ,s t es- e of the’ ee s ulcl be’ ,%~c e’t t,eined cit V t thes pe’riescj , esce’pt en
he’terogcne’ity- of the fesam the’ ,isi ’ ot s,inspsle ’s trolls the’ original pads that
I he e ompre’ss is e’ strengths cit the rn,l~or.ty e9 we ’re ’ at fee, tt’d by vs ,lte’r absorption Strength loss

samp le’s tested we’re in the ’ 2 ( t o  Ii ILst its range’ thie’ to inetu,eI -re ’ep. point ed out t sy Dale’, would
for 19- to 25 lb f t  * loans made it ) the’ hc’i’ee’s il l  ( ‘h bias v st ,hs md e ’ ef by t il e’ time’ the’ tu is t  s ,insisles we’re’
t e~he’r 11170 Ibis r,Inge’ us for the’ densest t Oile i’ll te ’ste’c’l ,ind list’ large’ v ,tniance in foam
tration of the data , and a general en te ’rprt’t,i(ion e ha rac-t e ’nustee - s oteld easily mask a tre’nel elf this
is that (is:’ ly pe’ of foam with densitie’c elf 19 ,end sort
25 lhl, in ‘ has ompre’csive’ strengths of 23 to 2~

)
f hf- in ‘ and Sb It) 1) lI,t i i i  ~, respective ly A
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SULFUR FOAM ODOR ANALYSIS attributed to the’ breakdown of compounds of
higher molecular we ight during heating

The chemical reaction en the production of During the storage of this particular samp le
t he sulfur foam developed by SWRI evolve ’s some high H2 S-content sulfur foam had un-
hydrogen sulfide (H 2 S) gas which ac ts as the ex- advertentl y been store d nearby In order to

panding agent Hydrogen sulfide is a toxic gas esta blish whether or not the’ san-iple’ had ab-
and handling precautions must be taken during sorbed a significant amount ot H.S , two new
the foaming operation, a lthough the residual gas samples were obtained in Dee ember 1971 One’
in the foam retains a questionable tox kuty level was obtained from the pad foanse’ d un  \I~uv 1971
T he foam produced in Alaska en October 1970 in Fairbanks , t he other , rec eu v e’d fro ns SW RI . was
continued to have the very dusagreeable odor of recently made with a 2 ’  % L P- 4 c orste’nt I he’
H1S after 19 months It is reported by the SWRI purpose of thus analys is , nsade during March
t hat lower density foams made en San Antonio , 1972, w as to determine whether H5 5 w a s  pn’st’nt
previous to t he Alaskan tests , ex hibited low un t he two samples and to identif y 5mn y coils-
levels of H2 S emission severa l dav’~ a fter foam- pounds which might be contributing to the odor
eng Since the gas is necessa ruly pre’sent during Both of these samp les were analyzed ,it 77°I
t he production of all sulfur foans and seems to in t he same manner as previously usi’d I hi’ f i rs t
diminis h with foam age, an exc hange of cell gas (the Alaskan sample) show-ed a very low k’ve’l of
wit h ambient air must occur , possi bly at a H,S, but a very hugh let-el of an unknow n cons-
variab le rate depending on density Any crack- pound with a base peak (highest peak) at
ing of t he foam cells releases H1S and when the molecular weight (m w ) 106 of (F ig 2 5)  The soc -

foam is wet , as at t he site in Alaska , t he intensity ond sample (the more recently foat ise’d one’ )
of the H2 S emission seems to be greatest showed a much hugher level of H:S , sOfliV SO:,

During the strength testing of the foam and the same unknown compound wills the’ base
samp les containing (P-i. it was noted that the’ peak at m w 106, This new Alaskan samp le’ t on-
H15 odor was absent or possibly masked by a ta m ed a small amount of moisturt’ vs hich dud not
new odor akin to the polysulfude polymer used seem to have’ any effect on the H.S level
as the plasticizer Consequently, a number of A plausible explanation for the,’ detter e nt
qua litative chemical analyses on various foam levels of H1S me,tsured in the various sansp le’s
samp les containing LP-3 were conducted during can be attributed to the nsethod of torns atuo mi of
the period from April 1971 to March 1972 For the foam Each samp le wa s  taken frons a
t he original samples , only the presence or separate mixture or batch , amid consequent ly
absence of H2 S gas was determined. More corn- eac h sample’ was separate and distinct trons all
plete analyses were subsequently made on other others , wit h the amounts of H:S va ry ing  in each
samp les with variable results; some samples con- batch Th is would account for the tact  that H1S
ta m ed H2 S and others did not A Perkun-Elmer was not detected in the first sample analyzed in
900 Gas Chromatograph-Mass Spectrometer April of 1971 In the most recent .m nal ys u s , t hi’
system was used for these analyses , ’ older of the tw-o samples was show- n to have ory

During Apri l 1971 the first foam sample con- little H2 S w hile the other sample had nsut ’h
ta m ing 2% % (P-i (made at SWRI) was analyzed more
at 25°C after a one hour equilibrium period of The einknown compound w ith the baso or
t he prepared sample. No detectable level of H2 S highest peak of m w , 106 seems to be a result of
was determined in the samp le by either the TIC the breakdown of the !)) vs 1000 poly-nse’ r
(tota l ion current) chromatograrn or the spec- lhuokol (P-i (-S,CH 2CH 2OCH 10CH 2C H S ,- , ~
trum, 4) used its the form ulation. Its Issass spectrum

In November 1971 another sample was tested (Fig 25) indicates that the unknown compound us
for the presence of H2 5, This sample had been probably either CIH,5 1 or C IH,S0 2 It is thought
stored at CRRE( since its removal in June 1971 that C IH,S 2, somew hat in the tor us of H’s-Cit-S
fr om the May 1971 sulfur foam pad containing CH — CH 2, us t he more likely compound , hut the
1 ‘-~z %  (P-3 The sample was analyzed at temper- C IH,S02 form cannot be ruled oeit Both c orn-
atures of 25°C and 75° to 80°C A detectable pounds result from a breakdown of the polymer
amount of H,S was found in the sample at 25°C LP-3 Compounds of lesser amounts ,ilso ex us t
and a very large amount was measured in the but these seem to be isomers of the’ unknow n
samp le at 75° to 80°C; however , the latter was m w 106 compound
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Figure 25. Mass spectra for unknown gas of molecular weight 106.

T he toxicity of the unidentified compound of by a factor of 2 ’  t In addition , t he relat isc ’  cost

m.w 106 is unknown at present. Some naust’- of thus loam would be increased by a bat  to r of
ating odors were produced in closed quarters by h h i whe’ms the poorer thermal protect ion of thu s
t he last sample obtained from the SWR I; an 35- lb - f t ’ foam is considered A lunea r estr,ipola-
ana lysis showed that the sample also contained tion of a graph in SWR I’ s report ’  y- e el d s a k-
a significant level of H2 S An effort s hould be factor 010 54 for 45 -lb f t  sulfur foam This value’
made to accurately identify the m w 106 com- vs-as also approximated trons the’ cooling urvc ’ s
pound and determune its toxicity if LP-3 us to be of sulfur foam shown in 1- ugurt ’s 2~ and 24 1 hus
used in the foam formulation the’ c o S t  per 11)-ft square (100 ft  ), as shoty is in

Table II of the SWRI report , would be gre’atc’ r
t han that for the other foanss because of t h e ’

INSULATION COSTS greater quantity re’quired for therm,i l protee ’t io us
Es ems ml the foam could he’ produced at ~ 01( lb .

Raw material costs for sulfur foam ,ire as suggested irs the SWR I report by us uts g loss c’s
published in the final report written by SVii’R I on pc ’ts sis e ingredients , the lack c it dt ’t ss uty control
t he associated research contract . These’ costs are in the’ field (luring hatch appluc a tuo r s would r’-
based on the production of a 1 5-lb f t  * foans The stilt in the’ sulfur fo ams- i nsa terual cos t ing  nearly- ,is
October 1970 foam produced in Alaska had an nsuch as the polysty reise’ .
average density of 35 lb/ft * The’ i (1st , therefore , T he’ addition of the’ I huokol LI ’ - plasti c izer , to
for a similarly produced foam would be larger increase’ the foam ’s f l exural stre’ngth at a c o s t  of
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Table V . Cost data for varying amoun t5 of LP-3, T he,’ replau eusre nt of H1S, with its  tox ic i ty  and
stenc h, by some’ other blowing agent was a high

LP- i Parts by Materi al M,it er, al Mater , j l  priority O I)j e Ct iVe of these studies 1 he simplest
add it uee weight Cost (051 cost  ( o s t  

~upI)roac h vs ,us to auernpt to find wh mu h gases (or
(%t j I b)  j $ )  (S,lh) (SUm ’) S sq i i , i r t ’)  luquids ui-i the gaseous state)  would dissolve in

0 121 25 3 613 0030 3 045 5  10 ~ 
usio lten sulfur ~rt temperatures greater th~~

1 12225 448 00367 0 540 12 ~ 112°C, These onipounds would be dissolved in
1 s 122 75 4 86 1) 1) 396 0 594 1 3 8 5  the molten sulfur under pressure ’ and would ex-
1 8S 12110 516 00419 0 628 1467  pand t he mixture upon exposure to atmospheric
2 12325 528  1) 0428 064 3 1500 p r e s s u r e ’, The ’ internal reactor pressure necessary
3 124 25 6 3)8 0 04)39 () 79 ) 1705 - - -

________ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
,~~~~~~~._. t o  expel the liquid would confine the gas within

‘Square = 101)?) the liquid sulfur until expulsion U( ( urred. Such a
Note Cost data ,ire’ tor 1’)72 ga’. substitution would eliminate the need for a

c hemical re,i t ron to produce the blowing agent.
$0 80/lb in the May 1971 test , is re latively expen- the produ lion of a less toxuc gas than H2 S in the
sive Referring again to the relat ive cost s of the sulfur mixture from an additional or different
foams in SWR I’ s fina l report , t he addition of LP-3 hemical reaction us possible , but wou ld prob-
in various percentages to incredse f lexural ably complicate the ’ formu lat ion further.
strengt h with no reduction its the compressive (ukewuse , t he mechanical addutuo n of a blowing
strength or thermal protection would result in agent by hug h-speed mixing has the drawback of
the costs shown in Table V. requiring additives to increase bubble film

(P-i additive exceeding 1.85% by wei ght strength Consequently, emp hasis was placed on

gives the sulfur foam a greater cost per square dissolving ,i gas in liquid sulfur,
(100 f t 1) than that of polyurethauie (@ $14.70), A 1000-nil pressure vessel (Parr Instrument Co,
and the cost of polystyrene is exceeded with less Model 4511) w as used for the solubu lity tests and
than 1% LP-3. The May 1971 foam installed in for conducting some of the simpler chemical
A laska had a minimum of 1 1/2 % LP-3. In addi- reactions. Considerable modifucation of the
tion, the 21 .6- lb/ft ’ average density of the install- vesse l  was requured (or in~e( lung gases and
ed foam would raise the relative sulfur cost liquids and for the expulsion of the sulfur foam.
above t hat indicated by the SWR I for 1 5- lhf / f t 2 A 600-g cha rge ’ of sulfur was used in the majority
foam. of t he e’xperume’nts , leaving 665 ml of free space

for presSuru/uil u All solubility tests were ma de in
liquid elen’ue’ntal sulfur in the’ temperature range

LAB EXPERIMENTS WITH of 120° to 172°C , most being conducted at
SULFUR FOAM 140°C. 11w following s gnif icant observations

wore made,’
During the course of the sulfur foam cont rde: t I - Air and ca rbon dioside (CO ,) seen-i ( om-

wit h S’vV R I , a limited lab program ,it CRRI~ t~ ti’ p l t ’ t e ’ l y  uus ’ .olu hlt’ w ithout an additive
volving sulfur foam experif l )entattOn w as in- 2 Freon 12 (( (12 F 

~). I re ’on C-318 (C ,F,), and
itiated. This program was deeniecl necessary to su l fur he’-’,,ut l r i i r rud e ’  (SF ,,) appi’ar to have little’ it

gain some first-ha nd experience with the’ l i l y sol ubi luty
mec hanism involved in the production of foam- 4 , Carbon te’trach loride (CCL), chloroform
ed sulfur. Such information would give a better (CHCIJ, met hylene chloride (CH 2CI 2) , and me’thy l
understanding of the foaming pro e’ss , w hich hlorude’ (CII (‘I) ,~ll lsave more solubihity.
hopefully would lead to simp lification and 4 No chen s ica l  reac t ion  occurred between the
possi ble improvement in the produt luori process ; ( ‘ (  t i l ing  ‘.ij bs(,iiir u’s ,ind the,’ sulfur
and the foam physical properties Iwo ob le ’c’ 5 Sulfur wi l l  re’at t wi th sunsple hydrocarbons
tives received the most attention. T he first was to produce I-I S
to determine which gases , and what quantities of rablu’ VI l is ts  the’ tested substan ces that have
each, wou ld dissolve in molten sulfur . T he see - sonic’ so lubu lity in liquid scult ur plies a number of
ond objective was to investigate ’ the ’ possibility othe’rs vs Iii(’ h c,uld be’ substituted for the pres-
of making sim plifications in the orig ina l for- -nt I)U~ hloss log .igeusf t he’ ,ihsolute’ solubility of
mulation or finding more desirable ot ls I)ots efl ts I ’  ~~~~ sir l~ -~ ‘ii u’s ri- i too l t e l )  sulfur us unknown at
to foam the sulfur prvse’nl , , i ’, is their so lubi luty in the’ re’acte’d

11) 
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Table VI. Relative amounts of poten tial sulfur foaming agents
requ ired to produce a 12-lbfIft ~ foam.~

Liq uid Boil point
t i t ’i is i t~ at I ,)t rnc) s Mole t i /ar  Heat of

Substance j ib) (g c,ru ’j (°C I weight v jp o,  .‘,itio,ut

CCI. I 4 1 59 ‘1, 5 354 46 4
( f-Id ,  2 3 ~ 3 48 61 7 i t ’ -) 59 3)

1 ‘i 1 f t  43) 85 786
C I-4 ,CI 1 1  eras 24 505
Ir~on ii 33 ) 1 4 ” 118 117 4 31 )
f reon 12 2 7 gas 298 12)  195
freon i t  2 3 gas - ill 1e4 3 5 5
Freon 2)  2 u 1 37 )3’ i leO 579
f reon 22 3 (5 *‘vs - 4013 130 5 5 1 3
t reesis 13 4 1 13 1 46 i )3  t7 1 (2 5
f reon SeX) ’’ (if g,is - 0 5
freon Skiltt 12 5) gas 4 5 3 ,  f t  42 S

(‘onta ned *0 .1 kei lit’ ot molten stil l or uncle’, pressure’ 10 1? ’  ii) gas in 1 IX) It) (II
suIt ci, at  112 °c ,rnef 1 ,ttmosp ht’rt’
t i t t u  Ih °t

Azeo(ropt’ 74 w t % I ri’ou’. 3 2 26% 3 it’Ofl 152
ttA:e’otrope’ 49 w) % Freon 22 , 51% C reon i t S

polym eric mixture, I he table also shows the has limited solubility in liquid sulfur Other
minimum amount of each gas , it i t t t1 expansion substances , such as nylon, polyethylene’ and
at 112°C is realized, that must be contamne’d polystyrene , we ’re ,’ tried ,rs possible’ plact icizing
within the,’ to,rni to produce’ a I 2-lb/It’ foam agents , but res ult’. were’ negative’ be’cae,j se of

I he’ second objective of the l,eb program — in- their insolubility in liquid sulfur L)ete’rt-nonyh
vestigating iht’ po~sibihitue ”. of simplifyin g polysulfide’ fo rms ,irs e’rssulsion in liquid sulfur
t he standard SWRI foam formulation was and appears to dissolve’ a sizable ,imount This
prompte d by some skepticism about the nt’v v’ss u- ye’llow liquid us ,r possible,’ subst itute fo e the’
ty of reacting f i ve ingredients with sulf ur to pro- tr icresyl phosphat e
duce’ the foam. If sulfur foam could be produced tne’ft~c-ie’nt laboratory ductit ig of odors it’

Irons te’we’r ingredients, product uniformity le’tised irons seine’ of the’ c hc’nieta ls use’d in these
would probably be’ easier to ,ichie’ve’ e’xpe’rinie’nts aused an e’xt&’nde’d postpone’mv’nt

Anot her aspect of this second ob~e’c’tive was csf f urthe’r e’xpe’rime’nfal work At that time’ the’
the’ possibility of finding more desirable’ cons- fol lowing work was tentatively planned:
ponents than sonic’ of those currently used I Additional tests of foaming ,igt’nts tO in-
Since no c hange’ in formulation was immediately lode’ quantit ,itivt ’ analyse’s of the’ir solubility in
evident , basic e’xpc’rmmentat ion w a s  conductt’d liquid sulfur .
to c h.ir,et’te’rij e the’ loans proc ess 2 (‘ontinue’d partial react ions of SW RI’ s foam

T he mnterac-tio n of 1 ,5-cyc-loo-t ,idiene with c omponents to find like’ly che,’ts lical substitutions
phosphorus pc’ntasulf mdc (P 2 S5) and the molten for senip lit ie ’ ations of their for,siulation.
su lfur us apparently a polymt’riiation proc e’ss I Test tube evaluations of -he’mic’ally
w hich produce’s, plj st i c mies and strengthens the’ modified I. S~ yc looctadiene’ and squale’ne,’ as
re’sinous substane-e of undefined e he’mical c orn- toughening ,ige’iits . and subse’que’ntly eete liiing
position w hic h is the’ ts ,tse s of the’ fo,im I he’ re’a these’ produc ts to produce’ a fo~mn
teon of phosphoric ac ed w ith this substanc e,’
evolves hydrogen sulfide’ which expands the mix-
ture into a foam . CONCLUSIONS
I xperime’nts indicate’ that squalene. a compo-

nent of shark liver oil, is a possible’ re’plac e’me’nt The’ sulfur foatss did not tunt tiots safe st ,ie’tot;ly
for t he I ,5-cyt-looctadient’, although tht’ re’- a~ an e’xpedie’nt ro~cI insulation be’e, tUse of i t s

~I(’tion product of squale’nc’ and P2 55 probably low te’nsele’ strength and high brett le’ ,ie’ss
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