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EXECUTIVE SUMMARY

The Honolulu Flight Standads District Ofice (FSDO) was appoached by a Part 121 ogrator
inquiring about the equirement to install and utilizan ethanol-basd waterlesshand cleaner
system in thegalley area of theiraircraft. The poduct,identified as SanitizerGel Dispensing
System,was desgned by Celeste mdustriesCorpoiation and is curently approwed for ug in
aircraft lavatories. The operator \&s advised v the FSDO thatthey have the responsibilily to
review and approe/disapprovethe installation of sucla dispensig system. Howewer, &fter
reviewing theingredientsof the prodwct, FSDO concluded that the Civil Aviation SecuriField
Office (CASFO), Dargerous Goods Specialist should be involvedédese otheir expertisewith
dangerous gods. The CAS-O, in coordiration with their Regpnal gersonnel, ecommended
against the use of thequuct on airplaes because 6 the low flash point (72°F) and cited the
potential for othe fire hazards diwe to spillage, broken contaners, misplaced dispansing units,
eftc.

The FSDO contacted the Fire Sdety Section a the Federal Aviation Administraion (FAA)
William J. Hughes Technicd Center a the Atlantic City Interndiond Airport, NJ, for ther
assistance in evadting the poduct. The Fire Sdety Section greed totake a closerlook at the
possible dangers of this producorm a fire sakty standpoint. CelestelndustriesCorpoiation
providedsamplef the proaduct to the Technical Centefor evaluation and testm Seved test
senaios were set up and trids wererun to invetigae the potential hazards. The resultsindicate
thegd hand deaner is often difficult to ignite and can be extinguishal rdatively easily.

v/Vi



INTRODUCTION
PURPCEE.

The purpose of this techoal note is to desibe thefire testsconductedon an ethanol-basd
waterlesdhard clearer mandactued by Celestdndustries CorporationConditions repremnting
in-servicefire sdety conerns vere arangedand investigated.

BACKGROUND.

An ethanol-basd gel hand clearer manuéctued by Celeste Industries Corp@tion hasbeen
approved fo use in the laatory area of commercal transports. The poduct, identified as
Sanitizer Gd Dispensing System, has aflash point of 72F. The flash point is theminimum
temperatue of the ¢gl thatallows for gnition by a snall flame. The HonoluluFlight Standeds
District Office (FSDO) was appro@hed ly a Pat 121 opeator that inquired about the
requirements to install and utilize this product in tlaleg areaof its aircraft. This raised
concern amagst the FSDO personnelwho are responsible for exseeing the saé opeaation of
commercia aircraft. At issuewasthe fact that radiant ovensare ugd exensively in the galley
area of commercial transpat arcraft, adding to thepossibility tha the hand cleaner gel could be
heatedto a temperatue above its flash point, anal small igition source couldgnite the
substance. After reviewing the irgredients of the productFSDO felt that the Civil Aviation
Securiy Field Office (CASFO), Dangerous Goods Specialist nemtito be involved lmause 6
their expertise with dangous goods. The CAS-O, in coordiraion with their Regonal
personnelrecommended gainst the use of thproduct on airphes beause 6 the low flash
point and cited the potentia for other fire hazads dueto prodwct spillage from broken
containers.

The Fire Sdety Section & the FAA William J Hughes Technical Center was contacted and
agreed taassist in evaluatinthe product. Celeste ldustries providedamnples of theprodict to
the Technicd Center for evaluation and testing Severa test senaios were set up and trials
were run to investigate the potential hazards.

DISCUSSION

INITIAL TESTS.

Severa simple tests were peformed to deermine the flammability of the hand cleaner gel.

These tests weredesigned to simulde conditions thacould eist in the galley areaof an aircraft.

During the first test, a 6-incldiameterpuddle ofgel weighing 44.6 gramswas poured onto a
metal surfaceand exosedto a lit book match. After appoximately 1 to 2 seconds, thgel
ignited. The light-blue flane tempeature, appromately 1100F asmeasuredwith a type K

open-beadthermocouple, waselatively low. The maxmum heidgt of the flane reached
approxmately 9 inches, ad the mateal flamed for6 minutes25 seconds.The gel did not flash
violently when exposel to the ignition soure, but required ashat time to susten combustion.
After the test,white s@p residuevas found on the stal surfae. A second test as conduatd
in which 52.4gramsof gel wasignitedin asimilar manner.The results wereearly identical to



the first test in tems of tenpaature, flame haght, flame color, and flame time (6 minutes 20
seconds).

During the third test, theflammability of dry “crumpled” pape towels was comparel to like
towds so&ed with thehand cleaner gel. This simulaed a situdion in which towds wereusel to
wipe the hand cleane from a person’s tands prior to disposal.Ten dy paper towels wee
crumpled into asmadl pile next to an identical pile in which the towds were previously so&ked
with 71.9gramsof cleane. Two book matches ere ignited and simultaneouglplaced on the
dry and soakedgper towels. It took a Bw seconds for ach math to ignhite therespetive piles
of towds. Once ignited, the flame color of the gel-soaked towels gopeared to bemore orange
than tha of thedry ones. The burning time of the dry towels was gproximately 2 minutes 25
seconds, while the soa#t towels bured for 8 minutes30 secondsbefore self-extinguishing
Thus,the dry towels wee moreflammable than thgel-soaled towels. Again, no violent flash
occured whenhe soakeddwels were exposed o the ignition soure.

The nex test condition simulated an inadvertent gppdgel acoss an gnition source. Firsta
crumpled pger towée was ignited. Next, the gel cleaner wa expdled from its bottle contaner
by striking the pump dispensevith a weghted objet (the dispensig arm was struckfrom a
short distance remote to tifleaming paper for sdety reasons). About 5 to6 secondsafter the
paperwas ignited, the squirtsof gel were discherged directly into the fire(figure 1). Each squirt
was subsequentimeasved at abut 0.60 to 0.65m@ms. Theresultantsquirting ofgel ontothe
fire did not result in ay flashing, but ma hawe contributed to a loger flameduration and
possbly charged he flame color from yellow to yellow-orange.

Heavy Object

Object Srikes Punp Disperser
Causing Produet Releae into Fire
Pump Dispenser
Gd Spay

Hand Cleane Bottle Crumpled Paper Towel

FIGURE 1. TEST ARRANGEMENTL SQUIRTING GEL INTO FIRE



During the next testscenariothe effect of a small fe@ underreath a plastic @ll-mounted bottle
of hand cleanerwas detemined. A pile of 50 crumpled pagr towels was ignited. The plastic
bottle of gel was mountedapproxmately 12 inches abog the bas of the fire on a mountm
bracket tha oriented the bottle a 12 degres with respect to a vertical plane (figure 2). The
sagjuence of eventsis listed in teble 1. As shown, thefire enveloped the plastic bottle of gel
which melted and subsegnily released its contents into the burning poé pape, but no flash

or explosion resulted.

\<- 129‘

Pump Dispenser

Hand Cleane Bottle

Dry Pgper Towels

FIGURE 2. TEST ARRANGEMENTU SMALL FIREUNDER WALL-MOUNTED
BOTTLE OF GH



TABLE 1. SEQUENCE OF BVENTS, SMALL FIRE UNDER WALL-MOUNTED BOTTLE

OF GH
Time
(seconds) Event
0 Start ignition
26 Flames each lase of tle hand clener bottle
52 Flames each tie pump tip of the bottle
73 Pump tip leer begins to mé
75 Off-gassingof materials throgh lever tip
83 Paper flame$ully developed
84 Dispenser pump tip levergsiificantly melted, dops into pan
95 Dispense bottle patially mdted, drops into pa
107 Flame could ke seen on theside of thebottletha faced down
195 Cleaner gl stated to drop onto the papfire changimg the color from yellow
to slightly orange
428 Flame on thebottle sdf extinguishes
780 Pae fire self extinguishes, test taminated
780+ After test, bottle collapsed t@ands the pn
780+ A very small amount of handearer gel was found in the bottle

ADDITIONAL TESTS.

After the initial round of tests &e completed, some additional tests were cateflito obtaina
more complete undstandirg of the mateal under tle widest rage of situational scemios.

Severaltests wee conduted to detemine how difficult it was to etnguish a small puddle of
burninghand clearr. An 8-inch-diame¢r puddle ontainingapproxmately 75.2 gramsof gel
was ignited and allowed to burrdior 90 seconds.At this point, small quantities of tap water
(approxmately 1 fluid ounce each) &e poued onto the fie intermittentl, resulting in partial
displacenentof the flaming gel. The flamng gel was completely extinguishedin appgroximately
10 seconds, whichequired 308grams of veter. This test wasepeatedusingslightly moregel
hand cleaar, 95.5grams. Results were similar to the firdtial, requiring 7 secondsfor
extinguishmentandonly 95 gamsof wate. A third test wasconducted using aahd-held fre
extinguisher with the same 8-inaliameter pudd of gel, weighing 102.5 grams. The air-
charged 2-gdllon cgpacity hand-hdd extinguishe was outfitted with alow flow-rate nozzlewith
a measuwed output of 0.74 gallon per minute (gpmAfter igniting the gel with a match,the
flames wee allowed to bun for 115 gconds bire the extinguisher wasactivated. Upon
activation,thefire appearedo be exinguishedby the initial blast of air exing the nozzle prior
to any water discharge. A subsequenimeasurenent of the exinguisher conens revealed hat
only 4.5 grams of water had been melled. Another similar test ws conducted usg a
Halon1211 handheld éiguisher against the 8-inckdiameter pudd fire containirg 101.7
grams of gel. After the fire was allowed to burn folll6 seconds, & exinguisher vas
dischaged ower the burning maerial resulting in immediate extinguishment. As with the



previous test usingthewate extinguishe, it appeared tha the fire was extinguished as a result of
the initial blast of air prior to ay extinguishant application.A subsegent weighing revealed
only 4.5grams of suppressargleaged. At this point, anadditionaltestwasconduced in which
compressel air was disharged over the burning maerial. This too reulted in immeliate
extinguishment of the fire andonfirmed the obervations of the q@vious testausing actual
extinguishes.

During the nex series of tests, a a&ed 7.875-inch-dmeter stel cookilg panwas plaed on a
puddle of thegel handclearer to determine the likelihood ofndion. The puddled &nd cleaner
measured 12 in@s in diameteand weghed 140 grams, whichepresented a faiyllarge spill on
the countertopsurface in a calley. The steelcooking pan was first pleed in an ogn set at the
maximum tempeature of 400F for a period of 1 hour and 20 minutes.A thermocoupt was
attached to thebottom of thepan to meaure the surfae temperature, which was gproximately
401 to 408F. The heated cookingan was tlen placed on topfahe puddle of &nd cleaner,
which resulted in smoke emating from aound the 5.5-incldiameter lase of tle cookirg pan.
No flames wee produed, and he est was erminaed dter 1 mnute. This test scerario was
repeaéd using 173.5 gramsand aain with 179.8 gamsof hand cleaner in the ame 12-inch
diameter puddleThe cookirg pan bottonsurfacetemperatue wasrecadedat 414°F and 404F,
respective}, before being plaed in the puddle.Again, theapplicationdid not resultin any
flaming condition. Smoke was prodiedat the contet point.

During the nex three tests, measd amounts of handeane gel were placed on the hot plat
surfa@ of an automatidrip coffee machineto determine the potential foignition. The unit
usa in testing was manufadured by Hamilton Beach/Pro¢or Silex and utilized a hesting-

elementplate that measad 4.375 inchs in diameter.The cofee nachine vas turned orand
allowedto heatup far more han 30 nnutes, atwhich point the phte surbcewas neasued b be
261°F. A 62.9gram quantiy of handclearer gel was plaed diretly onto the hot plate sface.
The gel boiled in a matterf secondsand continued foapproxmately 14 minutes,at which

point the boiling ceagd. The test vas terminated faer an additional 3 minutes of heagin
During the boiling process, thegel formed into awhite sogy residuewhich remained after test
completion. No flames resulted ding the test. Two more trals were completed uner nearly

identical conditions whit dso resulted in boiling off of the gd and no inecdence of flames.

During the nex test arrangesnt, the upper sfiace ofa cookirg mittencommony usedfor hand
protectionwhenhandlirg hotovencookwae was coatedvith seveda ounces of bBnd cleanergel
and placedin a heatedoven to test for @mmability The owen used \&s a laboatoly grade
device with internal dimensionsof 28 incles wide ly 18 inctes deep ¥ 22 inches hgh. A
thermocouplevas mountedthrough al-inchhole in the upper sdiace of the oen to acuragly
measurdhe internal tempeature. The oven ves preleated inexcess of 2 hours prior to insertion
of the gd-coated mitten. The temperdure was 400F at the strt of the £st Visualcheckswere
made a 7 minutes and 17 minuts into thetest, duringwhich time theinternd temperdure was
measured aB61°F and364°F, resgectively. No flames or trees ofcombustion were olesved.
Additional checks wee mack at 23, 28, 33, 39, and 46 minutes into the tegtinawith no traces
of flamesor combustion.The internal tempeture ¢ the overranged from 350 to 378 duing
these observationsAfter test termination, the mitten was observed to fyetathe touch and



completey void of all traces of the handlearer gel. A second test as peformedandyielded
identical results.

Two final tests wer conduced usingthe standardied lavatay trashrecepécle testarticle for

evaluatirg halon rephcenent gents [L]. When conductingests to evaluate ¢hefectiveress of
a halon repleementagent, 815grams of @per hand towels i@ crumpledandloadedinto a small
test article with internd dimensionsof 18 inches wide by 8 inches deep by 16 indes high. The
towds ae ignited by a glowing nichromewire tha represents aburning cigarette or othe smdll

ignition source. Because tk curent test method was leison a dy fire load, tlerewas comern
over the effectiveness of e pesentextinguishing agens at suppessng a nore ®vere fire
fueled ty ethanolladen tovels. Two tests wes conduced in which afraction of the dry
crumpled papetowels useds the fire lad wee first wipedwith the gel hand elane prior to
being loackedinto the est aricle. In orde to aconplish this, the ester placed wo "pumps” o

cleaner in his hands then immediately wiped with a dry towel. The tester the@ continuel to
crumple the towds in the norma fashion outling in thetrash receptade extinguishe testing
document.

During the first test in this series, appimately 50% of the 815 gramstotal fire load (405 g)
consistedof towels with hand claner residue, while tb remainiig 410 grams consisted of the
normd dry crumplal towds. After ignition of thetest maerids, thefire appeaed to praress
normally, despitethe addedcontent of flammala gel. The Halon 1301 bottle dischged at
approxmately 205 secondsnto the test, and therhpeature in the enter d the test reeptale
reacled 727F; both thedischarge time and tamperdure are very typicd for this paticular
experiment (table 2). After dischage, the teste must wait 5 minutes beferopenirg the
observationwindow of the test receptacle.After an additional 2 minutes, the contents of the
recepticle must be emptied onto anpfor inspgection. During the first test, thefire was
successfull extinguished.

TABLE 2. SEQUENCE OF BVENTS LAVAT ORY TRASH RECERACLE TEST, 50% O
LOAD CONTAINING GH. COATEDHAND TOWELS

Time
(seconds) Event
0 Nichromewire igniter energzed
13 Smokeemanated throwgh theinfiltration hole
21 Smoke emanaed from the id of the estreceptcle
55 Flames could beegn in the tesiecepacle throgh the infiltration hole
205 Halon 1301 gent was automaticail dischaiged from the fireextinguisher into

the paper fire. At this timg thetempeaature of the surfa@ of thefire extinguishe
was 21.7F. The emperature atthe @nter of he estaricle was 727F.

205+ Five minutes aftethe gent dischaged theglass obsemtion window was
opened.No flamingconditions ocurred in the test resptacke. Two minutes
subsequent to the window opegithe cumpled towels wee emptiedrom the
testrecepacle and phced onb the obgrvaton pan. No snoke or fames were
observed on thegper towels.

Successfukextinguishment




A secondestwas conducted which 75% of the 81grams (61() of towels contaied residue
of thegelhandcleane, and theremainirg 205grams vere dy crumpled towels. Again, this fire
was sucessfully extinguished (table 3).The onl perceived diferene betwen thenormaltest
and the tests using hand clearer-wiped bwels was an edvated kvel of snoke from the test
article.

TABLE 3. SEQUENCE OF BVENTS LAVAT ORY TRASH RECERMACLE TEST, 75% O
LOAD CONTAINING GEL COATEDHAND TOWELS

Time
(seconds) Event
0 Nichromewire igniter energzed
11 Smoke emanated of the lid of thesttre@ptacke
13 Smokeemanated throwgh theinfiltration hole
54 Flames could beegn in the tesiecepacle throgh the infiltration hole
174 Halon 1301 gent was automaticail dischaiged from the fireextinguisher into

the paper fire. At this timg thetempeaature of the surfa@ of thefire extinguishe
was 22.8F. The emperature atthe @nter of he testaricle was 746F.

174+ Five minutes aftethe ayent dischaged theglass obsemtion window was
opened.No flamingconditions ocurred in the test resptacke. Two minutes
subsequent to the window opegithe cumpled towels wee emptiedrom the
testrecepacle and phced om the obgrvaton pan. No snoke or fames wee
observed on thegper towels.

Successful einguishment (119.9rams ofHalon 1301 used)

CONCLUSION

A review d the tests péormed indicats thathe handcleane gel doesnot spontaneusly ignite
when exposedto elevatedtemperatues as ekibited ly the heatedcooking pan, the hot plate
(coffee machine)and the cookig mitten inserted into the prehtedoven. Furthermoe, when
the hand clanergel is ignited with an opeflame soure andcombustions allowedto progress,
the flames ae vey easly extinguished, as olexrved uaing asmall blastof conpressediir. When
the gelis forcibly pumped or squirted into an @p flame, ndlashing results. During a fire of
moresignificant intensity, afull bottle of thehand deaner placed directly into the flames did not
result in any fire hazard. Most importantly, the testing dso onfirmed tha when the fire load
used in the cuant test method for eluatinglavatoly trashreceptale halonreplacementagents
contaned paoer towds with hand cleanergel residue thefire can still beextinguished.
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