PATENT SPECI FI CATI ON (11) 1 546 897, (21) Application No. 13872/76 (22)

Filed 6 Apr. 1976 (19) (31) Convention Application No. 565944 (32)

Filed 7 Apr. 1975 /in (33) United States of Anerica (US) (44) Conplete

Speci fi‘cation Published 31 May 1979 (51) INT. [err] BOLJ 1/00 (52) Index ..

at Acceptance B1F 4EX (72) Inventors: ALBERT WLLI AM HAVKI NS MATTHEW JCOHN @

O HARA FRANK PETER GORTSEMA EDDI E HEDAYA (54) APPARATUS AND PROCESS FOR
SURFACE TREATMENT GF ARTI CLES (71) Ve, UNI ON CARBI DE CORPORATI ON, a

cor porati o/ organi sed A IFIF" T’R)’@ the $hatego Wi
York, United States of Arrerl ca of gr venue w Yor(Eh Stelat §4§
York 10017, Unite | are t he vent|
for which e piay ggggﬁ &A%mi#&gﬁ"g? gzg%rl% f\Br 9% “and %ﬂ: (w

1

th 13—
which it s to 1gn Appligtio é%"ﬁarl@z)o%@a?lﬁfédlg 'V
fol | owi ng stat e- 3 Haited: Siatepmfs‘\mqwe f{Pon relates to.an appar .///
process for exN@si(ty) Gomplete SparifisationrRublisheds31t May W&t i ve fl ui ds g
their surface ar(AHt NT. it s, BoWr/exanpl e the fluorination of |\ Ndg M
cont ai ner aer osqb2)bmitéx ﬂS\oae‘]fﬂanf:e| ne to inprove their-barrier SR
to sol verds ah(!"‘l(c)(Is )gaﬁ& 4EX \ 5
10 A vari gty of pr@2ebseasorsnALBERT% M Wt are disclosed I' :
literature relating to the e RH Wons and articles to
reactive fluids whereby theigp éhem cal properties are
altered. For exanple, the direct )a y fluorina- tion,
of polyners and polyneric articl ﬁgM@g&kﬁgg@&)n nation is
meant exposure 15 of objects to fluorine gas, either pure\/or diluted with
inert or reactive d{fiuenWé, anﬂoaddARBmB COHR_QRAGI‘IW)tarcaﬁi)raubMGIgmmeﬂ and ex-
ext ensi ve addi t i o !ﬂgéirl ef EIGf’glg ateof 18¢W gtk,r%? fatﬁtss °fs®|'e¢rl °f&7%83fekn| c
Cor’rpOSI tions, fo g hic ?@}ﬂ t alé)g z¥t n? a) %ﬁ % ?1@ e);hod
fluorinating aggntb? sm licWing state- 5
hydr ogen fl uori de, mtmw-fur tetrafl uor| de and the i ke The iterature

covers bot h nechanj THif inyefio (s %a“ pagssfar ox vatipty Qf srticles to
cauiprent and- |15 & %Eﬁ@?s: e S S R e

processes. 20 1D fluori natlon |s usua y carrle y two nethods. g
In the first, the ob vemty ofmrowhesrmJéprowmaqmpmgnttakﬁehsob ee@tthe lltsratum Xelag H‘é/tgne

gas and that gas Itfi;l%’ert%sar %f %E‘Ej&fe{:??%ﬁ i%ﬁrgcft]ﬂﬂa%d%gloﬁﬁar lfxéarl

second general met Qe alfdle

e |

na-

bl ed i n gradualisy.of B))kchs mhﬁmksgasaeﬂn nﬁebaﬁletéd with {defBor xemnemman&haa 15
(S.P. 25 Joffre) Inmptel;stt%bewrﬁgqtl nf)llat e@pﬂg@l o 13, BYCh @ egfor
rerm‘l ns after rea‘ﬁﬂngﬁ@ fn%tco ? g‘i £ %ﬁgg e% i de?aQ:G

di sposal . There artke i@, Phéiterstudd ov @bothae ic&lgn mic@USpeb, su génatlon
unreacted fl uorZDne;gmpment 1dits fabocasion @srwqﬂlama\m sl obHge mcﬁll pnmess

reacti on- by- produc “‘F ‘f"ﬁ'émf fs P"}“Méa @%ﬁj%ﬁiﬁg rza‘??f ;‘l{a{%
appar at us. 4 ocl e£ m(ﬂafﬁmuﬁ;a etﬁf: (i L e heal
30 Modern Packagi gnne38 bleB m HOUS are @lis€lb8 G2 U WﬁnttZMll

whi ch are used?n re)sio i npq Wltms tmhoasenwneh‘éertraﬁreg;l;s 25
vacuum appar at us. m jeage ber or s g,. zﬁorg,%ﬁ Dlpi e
appar atus di scl ose cudunb IfabriHeSugihg febyclin nd R

behavi our of quor °ml

tween conpartnents myamaﬁymianﬁa Hicl sy UGID. IStrite ah® RN PiydEl ERevU Sdi.gsthint] U4Id(8),
ni trogen gool i 53 1132%¢ é@?@) theost is glescriBidnaeapiparatus rfotem:uretﬁ nelagirementsyof pressuge-
jﬁ r

Prydz, Rev. SCI InAtnpngmh paratt%%elase iH r;nandnes &atumxsnlaedzmi’tnd(y etral
appar at us for ge fﬂfeéﬁ“c‘?!wwstté’% “‘«(‘9
° tg X 13: 2 ek FIAPRYAAES gnF pof RS g

. t 181 rth be- 35
det €rm negores fﬁ%@&'%&:ﬁﬁﬁﬂﬁ@ tsp ni e;T;sm T quj?j%l;tatﬂ 0coolu;"g
provi si onflias maddy 1@£te Fib/ Sihge (BB IntcRof thesaidy ls 05 didtmine Gresd b mpethtife-volume

| ndeed, eVery at t euiptionsips offiderinepnamovidon eaaiadeofor carrying out any reactlon in the appar-

atus. Indeed, every attempt was made to avoid reaction.

40 Several other references disclose fluorination apparatus. In general, however, these are 40
devices for contacting hydrogen fluoride or fluorine with nuclear fuels to dissolve them, or
for reacting uranium with fluorine to make uranium hexafluoride gas. Liquid or fluidized
bed flow-through units are common; however, fluorine consumption is large and no recycle
systems were disclosed.

45 Extensive chemical literature also exists on chlorination and, more generally halogena- 45

L 1981



40 Several other references disclose fluorination apparatus. In general,
however, these are 40 devices for contacting hydrogen fluoride or fluorine
with nuclear fuels to dissolve them or for reacting uraniumwth fluorine

t o make urani um hexafl uoride gas. Liquid or fluidized bed flowthrough
units are common; however, fluorine consunption is |arge and no recycle
S ems were disclosed. 45 Extensive chemical literature, also exists on
c i nati on and, nore generally hal ogena- 45 2 -
, 897 2 tion of polyners.~bst is
i 1546891:7 finely di \/i de resin.to oduce

d-r—ess—ed—t—e—t—he-reeeg-h—e-ht—er—r-nai
chI ori Be pl Iene | nat e chl or| de resin. Gas phase
f1 ui - %E;ﬁ P %‘. ﬁ%%ﬁg éf'ﬂe %%rgsfg 2 radi cal,
i ni ti atdized bed HM Iqu hateSr ﬁl'hr@- free raditdl &fiti ist he =

F!‘"EU

chlqfi wften addedeacti ons i s d| fferent, the appar at us and process do not 5
corres ‘[?g:loﬁ‘ ) use%%m i c th"& eﬁfﬁr’ dmeqcers demater Sdescri bed.
Sever al % eﬂ 'ﬁl% § g ggnegr“@tﬂtl ng plastic
cont ai 1565 & mdtda atiéh G nsrmatt llsO Sp4-hr ough ¥ he

i@ %éﬁ@,@9 §%2,917$66 - A ERAT45; IN!D 32588852 72N0and2Nt937 066 No.

724. and
i = W L g i 8 ﬁgtrt%rr nt%,% SRR o pr ess
for al tcempongnts vhick aiefreactivechicht ﬁﬁdes)t sald avficle’) said P wXiagtheng themto a
gasgouﬁeﬂ rd .CO sj.ng one or rmre onents vvhr ch are reactive with the
surPace, s "?%ﬂ“rﬁ S g 1o o
adni ttlnihenssm ihteodattion [ af R dd%n&(amd heidby!s& ld91 e seal ed
r eact i (chamhcambgeoptxohalyamiuMed heamy a Iubdingseharlesd fdi@&:dﬂuiig o:::hﬁnibﬁally each of said

e a BeeQ @alc >aCcCess rreans opti nal..introduction of at
R S e
utili ZQdeﬁBy ﬁ'ﬂ ﬂmd cHd’mb‘éﬁ cilIcRanfter R@ftE ét&?al ly as a

second evasnated onchatgedyiyith sai@ghseous fld; establ | shr ng a conduit system

comguni g roguging - flisc fiarticlen with e ﬁ'n‘?sa' ﬂ‘?ﬂsanflh rewith for
O R T o )

sai d fltamldants transferred betvveen sai d c hanmbers and each chanber is
al ter naté T agpet lebithi e'd/emqﬂr’fhg lSd>r ided apparatusforgxpasing synchr oni zi ng

a f3ged aﬁ e%%ﬁ% ;ﬂﬁ’“& ﬂse "ﬁgil are Leaqtive; with fhe;surigee af a%atr ng and
chay. giﬁ}&sbi{le %raﬁ aéc@ssﬂfeﬁr%(f& tﬁ@inﬂ'odﬂcﬁ&lr ang "Of surface
char actrenovstaf(s&d aemhbs 25 d | n conjunction wth sai d fI uid transfer,

separatk ggﬂF ﬁiégﬁ%?glﬂ “Hrl‘gfa%sonﬂ taqlﬁ onggorrsedi ng to a

f urgsheipy, ’b%% s BHY E%Ttt’dg ?%%trflﬁdf qg_exposi ng
articl gasebs fﬂlcEk&SﬁﬂttlSnafll CH se@dilﬂ r@ictlm)ﬂﬁmﬁﬁffponent S are reactive with
the sur f?@ecomlm@@ﬂem seringcting s4id firsstandssedord dppt&crat us conprised of in

cuum producing transfer means and valve mpeans opgrati S5 éxeph
ﬁg\r;%:qg boe ﬂﬂ stem for selectlvel creatm ress dlffere tlals c wf Z:'l syasu% c?lga Fl Is%ﬁCt i on chanber
ar%

lth A afdl uxﬁﬁmﬁ sai d
articl eezt baok amd taﬁhcbadesea am &F t aﬂuidn@afmdhsbf said aflidlet; rreans connect ed

to at ﬁld@a@remdednw prass g apd tempergivee eoataplasiaes; andess neans for the
i nt r od ,ﬁﬂ.’% Q ‘I’c“’d‘f ff“ ‘r"t“f"(‘ff tem 48 sepagif-out Keacion By- second chanber
h!ss

may Op atdsedmsmeﬂﬁdﬁ plovidd! ilinBfbus QiR aases dvef théddnd 485 gaseous
fluid Gmt&dailapproarabd lp dasctatluemoudasrd;mbedm thd*la:efatme focﬂovathocmghiur t system

connecfk oﬂ;‘% Faglkf" quupn ‘Pfdssﬁse ra P‘ﬂa“lsv r%fdl] t ransf er

means ey flhfﬁgf ss aﬁﬁg @g t syst em for

se|59ct Itdﬂie)deﬂfeﬂ@Etc&@ag&l‘lﬁ&ﬁwdﬁmdg hEeti tﬁle maﬂe ﬁled wher e-
athberblincethiy lsmenqel%abdataétdl lacﬂhran dlrwrlthin tkmred:tlgas eous fd ui d,

and fl %gm: j‘g‘zeds f F“%fg} gé \iERe #bers affer the
[1yd el E&ﬁaﬂ e téf o tedfﬁﬁpbi]fg ﬂ‘eﬁm fdﬁﬂ%@? #g pressqe and

t edPer ghamber. dé?;;msr n('édlldnhlfst bermp&ble pﬂmrprd ﬂmltﬂahtedsw th¥*aid
- ng r t titigs_of treating as must e used to
. condui furs(gy %ﬁe air ?rglmst‘})é éﬁ d?iifg aggglt%{r%tg t%mhe bjects to b% treated tend to be
exposed to laminar flow of the treating gases.
In a multiple tank system as in the present invention, air is removed by means of a
60.  vacuum to a predetermined pressure. In one preferred condition this is about 1 Torr abso- 60
lute pressure, but the pressure is not narrowly critical.
The surface treating as, contained within a holding chamber separate from the reaction
chamber and composed of the desired percentages of treating gases can now be introduced
into the reaction chamber through any controlled means so that the reaction chamber can
65 be pressurized in a desired and controlled manner. The pressure conditions are a functonof 65




products and contam nants. 45 The process and apparatus of this
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include a "purification” step. An alternate concept may have the trap in a
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1, 546, 897 4 as indicated by 14c. It is
only inportant that the trap be situated so that the reactive fluid
cont ai ni ng by-products can flow through the trap. Effluent scrubber 16 is a
vertical stainless steel cylinder approximately 6 1/2" in dianmeter and 48"
high. It contains circul ati ng aqueous 20 percent potassi um hydroxi de
solution 5 through which the exhaust gases are passed. Drop catcher 18
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Val ves 22, 24, 26, 28, 30, 3 and 34 control the flow of the gases te and
from hol ding chanber, 10 reaction chanber, traps and scrubber. Val ves
36,38 and 40 control the entry of reactive and 10 inert gases. Val ves 42
and 44 permt nonitoring of the gases in the reaction chanber.




Addi tional nonitoring val ves, not shown, are also present to nonitor the
hol di ng chanber. Gauges 46 and 48 nonitor pressures within the reaction and
hol di ng chanber. Wen fluorine or certain other conponents are the reactive
fluid t0 be used I1n the process 15 of--this invention, it is necessary to
"passivate" the apparatus. Passivation can be accom 15 plished by the

usual nmethod known to those skilled in handling fluorine. That is, a small /,,
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of steps shown in Chart A,stg_ug §gh 2 §§)|§I L&tarﬁtgve of the process of
the invention. Also, during&nhoasg %ér%ta n§ SEEPE 3 to 14 may be repeat ed
several tines. If desired,%wﬁplgs a3 t eg.rea =] a?nxture may be taken at
a sanpling manifol d attach#ed Eo tehe #eactiong &fgnr30 hol di ng chanber. It
is also evidence froma cons ger & i of &haﬁtgA i gure 1 that in 30
this particular sinplified é@ﬁaré%u in §high the HF Erap is Located at
14a, HF and by- products are Ecﬁubb fromtfe gaf mixBure as Bhe mixture
passes from the hol di ng chanbg t.o t%le r =:"ct on cfanber rather§han the
reverse. It is apparent that EI roceﬂurm i's.geasible and e invention
is not limted to either one. 935 I Chart & beIEM/the vacuumgpunp i s on
at all times during which the&unit i operatlng §35 "C' indic&es that the
particular valve is closed ang "O' that the valve is open. 546, 879
[err] 1, 546, 897 ] B 61n ractice,
the process of this invention can be effected over a wide rangé?of
conditions. Although, for the nost part, the operating conditi s are not

critical, care should be taken since ihe process involves the §e of
reactive and toxi c gases. FHeCaPBuMt & Srearfive @i dS such a fI orine,
enpl oyed can vary over a relatively wd€ 5 range and is |arge factor
of the article being treated. Hence, nobst any concentration of » 5 fluorine
gas or other reactive fluigddp apopher, gas Jayakeaqusedypr ovi de@ the mixture
can be safely prepared. Normally, a range of from1l to 100 pereent by

vol une has been found to be useful. However, the nost pref erre portion of
this range for sone processes is 5 to ercent. Unde cunst ances,
where "light" exposure is A€3FAF A ﬁ%@n‘gr’hf’%r‘%"a‘g 1gl O as 001 percent
fluorine (or other gas) or even Iovver may be desirable. Tlge fI rine 10
may be diluted with essentially inert gases such as nitrogen helium At
hi gher concentra- tions ofofhoodine oo other reartive &l uigds, actions
tend to be nore violent and the appar- atus nay erode or #eact % so that
where possible, |ower concentrations are preferred. A reaétlve as such as
fluorine may be m xed wthowgaro@r%wrdo%dea@tlge @ luents. 15 For
exanpl e, fluorine can be m xed with oxygen, sulfur dioxid& chlorine,
bromne, nitrous 15 oxide, a m.xture of chlorine and oxygen, and certain
organi ¢ nononers. Although t he materlals Q,I cgrg’sgr ctL,on may vary

dependi ng upon the gases errp?ﬁ’y%c? hé 6V process™ s the sane.

Al t hough 1s Torr is pref erably the IeveI to V\hl ch the chanber is evacuated,
the pressure is - _ .
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20 not narrowy critical. It is chosen by considering safety and econom c
factors such as the 20 anmount of residual gases released when the door is
opened, or the anpunt of residual gas left to mx with the treating gas.

For especially careful work, the chanber m ght be evacu- ated winh
elahdprate punping nmeans to 0.001 Torr or |less A useful upper limt is about
« orr. The pressure nost often useful is fromabout 0.1 to about 10

. 25 For safety reasons it is often desirable to keep a chanber
cONkai ni ng reactive gases at Izssgq 25 than 1 at rmsphere pressure ss- hat
any leaks are inward. Thus, us 8Jacuum as a gas transfer medns is a

parti cuh%rgl atﬁct i ve saf et featbure gbwever to accelerate the reac-
tion ISIBYFIHON ¢38 b plgcqte Qvesemqgsange ¢frbnditionsr i ne) or
hi gherﬁl.cm.éﬁfgt g{gf( ?’ eé’ﬁfg‘a% i‘\') ’ﬂﬁ’{fgﬁ ggi éfﬂ“ci“e"é&ﬂcﬁhﬂﬂgbe k& pref er+ed

range i She atmunahfcruict&)e fluid, Gudhl® Bhorihe 26 EinSary dVer a relitivelyWide€d tenperature

condi t/Reg§and isrlargely,al actor nithe hnticlp bcmgat:eatdd Heive Smésnangebncentratiohen tshe 30
reactl?é" r%gg%& teﬁ{lﬁ;& ‘Eéd th Ytbhu dtP 1d|e@1 aixsgretande about O to
about G %ﬁﬁ r ?’0 %‘tﬁ }%g(zsuch as 4 hose
conpogsbe é@dﬁpﬂumb eircu ﬁﬁ@s ﬁavHe&mllgl&BI’e r@fs Jedirel)] dahicentratlont 4sl OF [err].
coubld B‘éaﬁ Q

arti clif s‘f’éfﬁ‘bﬁt f &l’ A °°“%$;§ range Wi 11 be
35  geidmadyl eYodéSd?fr &fha% Cf§w$}‘t': A étf#@dﬁ%" Cases, depending
on the Aeaactwevgas §uclnas ‘fludfind tay elmiked withfoa ebxem?erna;tt of ﬁa&nﬁé\@&emg not narrowy

crilfi c,gz;‘t(’lf dg’é?gt!?. ﬂrl“?““B a'l '?erﬁll“@d“ XY, S!ﬂémm'd chlotige; broginsenitpuse 15eact i on at
i oh (Rl P ﬁ& FESRAL Al Pecezing of the
react iivtheksarg.d at | ow terrper SI re atent tinme at the
af or enefAltheng éITple alablyehslevsl tqwtnclnae chmib ns:evactuatea,lthe préurEBr treat nments

wi 20 f%ﬁfj “‘,’L%%: s relﬂased aefﬁg ing § %b%f‘dch @Ct?ag amﬂﬁutZGs are
t

pegce taﬂlprle (°a|°t %f'?btir@wc w ehealbmue renedieodirer ol ast i

pr ef erleft & ﬂéﬁ?eﬁgﬁ&ﬂ hours or days

may bentddsvetl:el e@iisto J()gfl'éorr SrEa mfuﬁu o'mds of exposure
or evé‘??“’fT °€FH§ ab@”@tlftblabougilfémrr These treatment tines

S t

card ! ng AR D e x?t" o STTER ALt 510 o ust
to a Qﬁﬁ&ér&ﬂéan@fs@%ﬁbﬂcﬁlarl safét feTa fe. FRORENR ratel thEsead.Ndi cat ed refer
onI tt@n pressurh gay bmlsad! tovals hxghu astdﬂ@psige(&f:ﬂuo&ﬂe J‘w1tlEsoﬁé riske const ant

ss“’ eP‘F}EF&‘h p akoup? atm rpmvent i on can be

d d

§$| Zr@d{tl e&l’ul eﬁlﬁe r'fll%e ﬁonalféah hi %cgﬁ‘%fg:igg{%)gﬁl a'ul;oﬁflgg& her exarrpl €,

art [ cltespemmrﬁf mighd bd lﬁe d\fod heticles sut:l’ﬂasFlHdisE cémpokddt graphite, wEd’relﬂ nic materials

or corPBta d‘sshtﬂff PE i %@‘ﬁﬁ mldtbeetatdad\ 1¢umly raﬁgﬂ@%mmhﬁ;m 50 -the

ap %{E}q 'éfFLféa S &30 ¢ he used to
ggs .%l? uselfy 1oL jt abi un Be?%? e I h<ta er?ﬁnq"ﬁeon t?foﬁ"’?f& B0t o3her

f | uor i nﬁtqtgnpapparratgas not nanawprcﬁﬁ@mﬂdmmmmduemwe teRdentytw@arti on i s directed

to a et ng “ﬁ@bﬁ%'g% é;&sﬂld ef slow feactien ongondensatiemerftesdingdf uor i ne, and

i nggt "Ofp h hd AtoreinbiftioR PSS e””lé'h face

chid acsbeuféasm¢ragsw;thTmﬁnhaaseﬁttmnﬂr;t&pﬁarﬁﬁ%@ﬁ atg'fes QnB ihie ﬂécal i cles

conpr ir éfeesfenm@ﬁluonmtmmaemms deﬂrepdwm;s ddyymaybems mlyfuirpom tions. For

cram (e ST Ry %*Pg;“w L ke g@}

POl PlaBibtbER coRelnY DAL oH th@ y f other

or ganitie timd trvehich tnmmianrcmafeed at {hE| cblfi rbédlﬁ'epo ymers i n ude pol y(vi nyl

chl ori diher@elrelqup a@é ea@earaWEiOéthenmecmlcai by utilizqrbior thetteeat- mat eri al s such

r S T R

extr udvdi sbing befoleai etsl;ng hmuBnSg utoﬂieeﬂporinahmaa aﬁ(ﬁs ot her plastic artigles can
be 3e%F ged AP‘ ?F'm?‘é%l“? “é%““oll aﬁmh{eetsd tQ:P(PEQ?P% gga&tﬂar dboard and the

ke &S sexﬁ’a%ecﬁ%c'feﬁ} y;}%i inﬁer'fi}" hifhs i d"%mb ’t‘t?a Hogics. Wth

suk$ alir ehddpilis tpaw erit bani poﬁﬁ 'E:&Hﬁl aﬁ@vgf e) te suit
t he alaw ‘#,elnetymm maolmro tfme:pol eneemd dat wzdnew oOf al nost any

solid® E{'ﬁ ﬂ’ Zf"s’idgﬂ‘f ied< ive; gofyme ?‘ﬁ%&ﬂy abrl c, may be
oL MR, nff’é‘}ﬂi%ﬂi atmqpté BucnD 12" ©;

1, 6616 s@ Qantainers, extruded solid shapes, gloves, tlres fibers and othePplasti€ xﬁ&eél%aﬂ éi 5('le| ude
di ffi repted: %MXH s d%lfélci glofhing, papex; Carﬂbqaviﬁndpheelslcsmreal(oewaqsm@t ion dur- ing
su

evacultifh, sémlﬁf{féﬁia Ak Sl (08 i gl S the major
pur po%eing Qedté’cﬂﬁﬁipﬁf fiet BirER dRIcleS SFAIRYsOAN s&hdﬁ:@ ﬁloﬁlgﬁi 1s0eric solids.

65 tic, metal, paper and fabric, may be treated by the process of this mventlon leltatlons on 65




It is also apparent from consideration of the invention that very |arge or
very small ob- 5 jects of a variety of sizes and shapes m ght be treated.
To further visualize the treatnment of 5 such objects. Figures 2 and 3

depi ct ‘0ther enbodi nents of this invention. Figure 2 is a schematic diagram
for a production scale treating unit. To start the operation the air in ga:s
m xture hol di ng chanber 50 is evacuated-by .vacuum punp 52 through val ve 54
and to atnosphere through the scrubber tolum 56. Fluorine and ni trogen ar
t hen ex- Y0 pagded i nto hol di ng chanber Sg 16r known vol ume cylinders. Th
gas mxture is_analyzed 10 by instrunent § and t he chanher 50 is now at—
at nospheric pressure. The objects to be quorl nated are in position on a
transfer device (#rtelessypmdi CIP iy, Y@%W%WT%Q?WB@F": Q,‘at and
the unit %s now |ﬁ g%d% 'ffﬁ}sa &ﬁ‘e ARy g e BBSF PEROBIERT t o
admt new product &pa RénsiderafieH of the in tib @al Rey 2ie oPRireaial obo 5
| eave. These deor;ectaofen vanetg of mckmtﬂ shapes teGSI‘o fnttlnwmsu tant!ea“hamt (23]
must be 15 runni B F‘Eisrvé:‘ Y l_trt doe\él .68 now
| oads news obj e gggag 'g%dﬁ %;@gﬁg a@gﬁs ﬂgﬁggg %elgﬁiv

wash chamber 72. oalirﬂdib'fa Be EBR)bbE |nEtQJgen°~hﬂé the&ndito 0
evacuat ed,; frOMC?_ﬁ%etmwotdng@ etﬁﬂafr bpamvgle uafhodﬁmfl“hq/abme@lramdnwe 0l

vacuum punp 66 S

o nanberP o0 somien ﬂx&@?’b:ﬁ%"éﬁma e PN B b g

period the properchambseid dOPELER dpank to emﬂ&Swmdahdﬂraﬁd den babpeh tolpanmhthahe:tedsols
enters chanber1560018€pt¢théﬂan?Fah¢sedbﬁa:ﬂ§§mt@l§ "5 6bél°W6(())6; @faa TFSIJan:g
at nospheri c pr ess{iBing peipye 'gg) %'E m{ il‘fgh

val ves the at rmspf, ‘On "5"2;,@6 ‘gﬁ%ﬁ °§ S nsferreciI 0 c2hanber

that 60 is at at rmSﬂphismow qmmmdnﬁemanhdmbdiambl&bugﬁ&he properdeque®® ovazlmsmnd Pﬂr’%

52 is used for20t hy ‘!m wp 69 Th)ﬁ\tﬂlfte ugt ellch Effslub idl therpressyre By ﬁﬁbggg
it ire'ts al | oue R Y E&% e R
ar

seconds. At the e i,er[a rés el’she proce ure I's reversed and t he
fl uori ne at nospher éuring &ielmmchubnmefahtbﬂvr thepmpewalyesaheea!m bgrdmrch@aber ﬁhg)uggﬁ

an HF trap 74 %o th'&f r hat §f) B 50 is ande
at nospheri c press‘g'fc ﬁgﬁwﬁﬁ%‘%ﬁ%&&e % gt%?gﬁfn%@ ﬂ“ ri asm'xwlﬁehped

back to chamber 50 Adtheend fﬂi’kdlellbéxaﬁl M,pmeuut atevérkﬁd&ndt{halﬂbﬁi‘nela&ﬁd%h?E ito
at nospheri ¢ pr essallawed tiflavhimciptocey aayated chambﬂaﬁﬁﬁ@ugb@ ggé@pﬂ@o&%&m‘%@’ﬁx
t he
r. I

Torr. A final #erpdppiog n%'tqk)b; Q“g"&g"ﬁg‘;ﬁ"gj} g%ﬁf, Prciprl

scrubbi ng system ﬁ,{ﬁum 5 rdxithaéyl1 Toir O
chanber to effect fAmhdI@Endi 1Is blllowe350 aﬁtmuemmuitmeﬁ cldtmbbr as thefscmlbhl%gym@ves

necessary. As penthire ; i WWF@NHE%W@BF‘F‘B thejchampegiocetiest fyrthspdilyr 55
the gener al pr %egg dg fs a%grlﬁt%%f tthcl:rJerai;Hb&ess Modifi-
particul ar obj ect Sadoﬁs Qie e Iaféﬁ n @nftlaﬂa(r # to befludeinate. BoRexampiagar g6 uch
as tanks or 55 gakdlume itens rmchcasmdrxks beS55 gatiers alunipycold be drehtyd bbél loadigg t

fluorine atnos eﬂlémt“ql %B%Lﬁ%igﬁgg ﬁefetc*:%mage@ggom @P}d@né bﬂﬂ%ﬁﬁdw

w—

I n an essent I a‘ tla 1(91”0 ﬁ .ll R’H&S c

Smal | contai ners eﬂidﬂdo tdsxrceaieeﬂoces%gihs alldtqps aﬂl fdlkmcw mnield st;:pproduct i on
operation all val veé’V P s i 'Eed gfrom
process begi ns 4 ﬂ?‘ﬁ li at Iﬁe &bﬁ’a& e fﬁiﬁe 4
reference to Fl gUBbR a angeaa& drﬁmt BT t tbs ﬂsdu@n I f@naﬂﬁa’xﬁilﬁn eming

approximately 1 Tpressuaebs (ohu'am opphess lbuteanpmxml 2B gtmospl eeaéH 7eXch nsig) map be
chanber are auto- %Pﬂ fures @W‘Q E"?F%°‘B‘b%ﬂ"ﬁ“(9“‘8&’f‘ﬁift

objects to entgp gﬁﬁm.ﬁéa% ?@ﬁ??@sﬁ%&gﬁtgdﬁsB?Jomtltucﬁdiﬁre not 0

chanber tqQ go t0 hart&wly cntii:ﬁﬂAlsl dlll’lﬁ ﬁii tmemuémmmmr atposute ¢fimBmg mealslte;
one at nosphere, bstad é? m‘leﬂegsOQF@oaQem ép%ssv e J'?arﬂ“"%ﬂggk 1
! anlad. e tP %’(u

used. One reason r;‘;

smal | armownt ofssf énﬁ?&aldﬁlc %ﬁsﬁé H%F%ﬁfeh rine & removed in a purgsé
st ep. Bé&ildg asketséan\be hiadabﬂ ruHrlmsdmzf mxormacdselasmmemu MEONor
the suitable nmate

wel | k.novvn to the%&ﬂﬂﬂuh ?%@fq % %‘%m ﬁ;ﬁer am%ét:n{g,e

gradual |y i ncr eesiiggd! ﬁfdi) dqqnmemtohat belsw, “paﬂsnovaé made offvemaetialithat 60

surface nmaking th agaliminimer reacti on I‘ Uokd R This

f t no ways
metal items may b%ﬁ%ﬁﬁ a%%%éézﬂ?.&m.a @&h"a;asmq‘aﬁac e'““éﬁisbefeos%aa e R
steel . Wiere high i§ aieewahéd 5 a PeRodHROGER thirfutey @ rehld rmes’gf)ﬂuotilﬁ orHf dhis
metal, nickel 6 Hihghbemialskedn eorevenstd &yl dnggdsxiag eonpeyet whigheat themngd of He &YUHER 0169
can be nmade of rubbers or of fluorinated el astoners such as VI TON or
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FLUOREL. Plastic parts are frequently made of TELEFON or KEL-F plastics
(Viton, Teflon and Kel-F are Registered Trade Marks). Only where factors
ot her than fluorine contact nust be considered nust other linmtations be
made on nmaterials. For instance, a 60 |liquid scrubber for HF and F2,

At oned bel ow, woul d not be nade of a material that 60 reacts with
al i such as al um nium Wash Chanber 72 is an adjunct to the main part of
i nvention and may not be always neéeded. In Figure 2, it is imediately
olignd and adj acent to chanber S%§%hn it, the product is water-gwasWed for a
period of several mputes to (& traces of fluorine or HE fhrs 65
chanber al so can be traversed by an i ndexi ng conveyor which at the end of

n he duct chamber to be placed in invenfory. Materials of
the cy g{“gﬁ ar§ P P i y- 8 can

move t °ir3?ﬂ%" iécﬁﬁﬁ?\i?ﬂ%ﬁﬁéﬂcﬁétﬁ’fsﬁﬁﬁ fdd | ibphRyent ory

Mat er i mh&lycefquﬂmhusdapamy bbreadtibe cliz@iibe 6Bl It @¥ihas af thee hbldmk taak o Ea‘g | ast ic or

st aisnl e‘whﬁle@eﬂhe «mesphierie i mgalara\nﬂyerde@@d bﬁwmsmlleaw %md gasrheldr nv ntion. This
)

is at f ‘?c]g}g"f& valv 5"%1’ ftng £apa Y’ reactlon
charrbe%ﬁors abe RQIGNES ll\l?e? ; braﬂg fcﬁd?rlfbe?eeimn erbiS the restyispher e The
at nosptiamber, $rwqmgltwmdcum|euha:dkﬁm red bet ween chanber 60 and gas hold- 5

in wcharrﬁ’éﬁ'“"sv"'ﬂm l? de!PéVi\?edtQ/qthgb%(r@ﬂ frg@r@m;)hqw Wﬁané" Mateeri al s
o conft I RS "E“éﬁé geEe A act 51

chanberngdrycbrd a&dar,@u g gber coul d
resenbhe usehiea hdagdnatedro fetmm emitd laardﬁems 10

vack ofggacy l‘l“ tl'@\F gqsto t h
press. 04 phls I i %8 RIS RE, oy P rﬂwguga%%r ngat e (1

second tmly tmenuéaasa,f thapping HFWut AdlIFemiybenRed. ISGdhl atfapGodnamporfiity Sui t abl e
means pirt ef heinverdiop aolessrtharamounts forged areisn ehaltias nohig inferpfery withi the seal'ed vacuum

d b 11
purds ﬂi‘ifg é“@iﬁ% .f%""“fg' L!;gﬂﬂ%?::‘"? ‘*ﬁi}e‘be@%“'ee"ﬂ SRR afe used, a
hal 0geRatigetakel tapdihy MAUsed b A P b el e b ipaabed punps are
of ten ie'iovemdtbyaelattngﬂieerabﬂdﬁiblﬁeﬂscﬁ onsemﬂbn ﬂélmh(ﬁht\mﬂylcrtthﬂ sk hiclehd t he reactive

fluid. a o an aRootst e punp are
o R el it it 2y
suitab ﬁed@&ﬁﬁes@ foiereﬁﬁl@lbﬁlﬂ'o éuuiGtan @fsfr n{TBNch bﬁ% atrap is an
| mport mmféeamt-pqihtmmeramveq&the)mvemnbleshnghe tla:rmtumltt@amnrme ¢te so small as
€

not .t 09 erigdoufwithout piich 2 geru (?w nnsobweE g ’él§°' gsira rrpb(e commn in

t he™ar Lpchip assctb‘.’ffﬁ‘%ﬁﬁb éfe?fafﬁ'%fg .ﬁ&anp@ak e, Wi th NaF. HF
whi ch phyeche aB@kb Waddnd whytesheat | ng wh bei ng purge WI t h N2. Refrl ger at ed

traps E ﬂ?ﬁqscmbblmmmmﬁﬁ Tllmesyacm is qamprited of bewin S&Ulehng raps can be

rec e Eﬁaﬁg“ ue lgﬂ', ‘g %d‘lﬁf "ygﬂg‘ﬁ{ ngg narrow y
mos kaltedt Qg abcturk FISOr lumh > scrubbi ng
syst emcEBenienscher hm«ling tank Iaomaming tieassarveir of mdums Eydmxide 'Il‘lnehddibg ect appar at us,

i s tpnk dso dpsigngd thy eék‘fé‘ﬁ s auseentes theresggv mé‘Vd"f’ﬁ hﬁ“ anount of
g mm?“&reé ﬁrr%;rar”éf% Mt 5’ L fAL

syst en’hy and Iﬁl&ﬁeﬁalhﬁg ﬂ@&ﬁ&f&'ﬂrbﬁn ¢ rea@éd (ﬁoﬁﬂﬂmp lU& IOt&r(bE'ﬁﬁ ation of the

i nvent (e ; KRbhewleworkt he act ual treatnent of obj ects couI d be carried out
€SO arl w S

\M t hOUE l%ryoﬁh meglég:lltrbls% t esfo l%n:%g s%énrveé}t %Q?En caaum nde kﬁqﬁEil r abl e. 30

Whi je M@g LiRted | The QR fd &ﬁ.hcmmdoﬁ,bre%mpih ass ot her

met hodso mmd”asashaaﬂeﬁbslor ption, direct chem cal reacti on or ot her nmeans

wel | kndugyre disiarsehematic @wmoweémb thF@P 'Gr‘d stes. Figure
2 o A R rr@.rﬁi?' Bl ess

scr spb ﬁtgmbgaww 9{ d&é‘riﬂéb Itm e Ba deandtr&uafb taameqaﬁofm ou;euo nsmf sodi um
hy dr ox iAdeajofTdifferese lovri thpre o8 smbbdidierit lof Biggrh 2 tisitbe siditionof 4 yacomgh a .
di stri g{umb(go qgralize ths REPSTUrORhed ATt shampar o wrdﬁoliane of ths obisctyeifsphere. The

reacte r'i r%?é?é:(e@%%éh%‘i @b Béo@&s 2 Qhlabiaddlab AW s midledre RGNS @EIUM hydr ox- i de)
ent 83 S bér 18 ihdlhted thréugl vacQirh purmip TR) Thé RuokieSak \hidtoperDire therwkxpandey d6Dxi de. Thi s

hol di népte ghakbérs76dromdenoivy melume Watldeme‘h@gdﬁ nwmememze‘eWIwrut he reservoir

| e R

packd ngoorkerecinteHecked so tha e ps88atush be rungidg befmte t d)d®rsf danwpof Thodfm 40
conveyor is then operated so that the large objects move into proper position and the
sequence begins. Air is now evacuated from the large objects through the proper sequence
valves and by vacuum pump 94. At the same time vacuum pump 88 evacuates the air from
the chamber in order to prevent collapse of the object due to pressure difference. This air
65 evacuation sequence continues until the pressure in the large objects is lowered to about 1 65
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hydr oxi de and the remaining traces of fluorine are reacted to sodi um
fluoride. O her bases (e.g., KOH) wll work. Since the sodiumfluoride is
partially soluble in water, a streamof the reservoir can be taken to a

lime treater wnere tne soarumituoritde ts converted to calciumfluoride and
the 45 sodi um hydroxi de regenerated. The cal ciumfluoride-which is

insol ubl e can then be passed- 45 to waste as a harmess salt. Figure 3 is )
schematic di agram of one enbodi nent of the apparatus and process of this

i nventionwhich is useful for treating thi Wﬁr surfaces of relatively

| arge objects, such as 55 gallon druns 2 e tanks and the like A

mej or di fference rr%;o and t ose reviousl v tg Sghl bed
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now in the ead Stareat, l"Réra lqm M&lp{ggqessg 1§ rgai ? 8 6
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obj ects 1s | Ower ey‘d Eé as fluo eyf I, msl:ancg air or nitrogen. However, even the very 25
1,546,897 Torr abﬁ@:'t s @8 ‘ilftgnfln(;t bLifabRE61 Mdrihd @nf@ELGi Gich \iﬁihv‘&ﬁn@mn
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fse

the objects are eyRadhbas beﬂkﬁﬁ%e@ﬁﬁ&pl s weritid bmﬂ@oayateﬂﬁntrhranlcgh
15 vacuum purrp5(94thaéi ensmngttbdoﬂ:eem elsgamraee atsomumm@ﬁcp. ng qqm ess- THQ

unit is nqQw ready “eoby dipplacingadig it g0 S
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punp woul d be suit fegle e gas to transf er-

The modlflcatlons of the reference process included the use of coloured water in place of
65 mercury as the liquid in the capillary tube. Additionally, in place of a vibrator, the caplllary 65




25 red were not so reactive as fluorine, for instance, air or nitrogen.
However, even the very 25 inert "Hal ocarbon” oils are often not suitable

for fluorine contact in such applications, as they deconpose or expl ode. By
combining a dry (non-oily) piston-type conpressor having Tow fricrirom

p n rings such as graphite rings or TEFLON rings, with a dry (non-oily)
at m punp, specifically a 30 Rootes-type blower the pressure can he

nediged to 1 Torr. By specially nodifying the 30 valves, the piston

o essor has been nmade to ac 5&%%? hi gh quality vacuum punp gapaRl e of
purpi-ag—down to 25-50 Torr: es Blower in series with it covers the

P

r emai e and own to a I’OXI mately 1 Torr. A Rootes bl ower by
itsel %hg%ﬁasq Pl "'ﬁgg’? §irgular test are S@‘é‘gﬁ?eét“f“%‘ é"‘s “F% d}ﬁpendi ng.on the

exact pessyre Sige ohthe &lh eAls&fh'e(é@aI BEtw rhpﬁigéiﬁfslkdg E si ze,~punpi ng
tinmes, te%mﬂcﬁtdhétheﬁrmmbms wasndda by aID@-ERl ﬁmeﬁao hﬁl{ lehgtofl N Seri es may

be dséd ﬁ'{ gg\%ﬁ‘{gib‘aﬁrﬁwem@eﬁﬁeéﬂlmﬂﬂm theUge pefssuaé $ld€|-‘«fdtl‘es¢llpgmlps vioul d

nor mal t RERGTds be needed in

cor | cuapaaaemabals S ieal AORRLER) o1ng GERLp Bt 0o Ve s

pr evi oushs/follewing examples aredliustratiet forth in the exarrpl es, several desirable

pro‘ﬂertl es can 40 be |rrparteg§ t:’[CI es treated in the appat@t us anand by

t he prom@aleqéc{mgl }nBé/rEH?TtHeO &fﬁ nt of the

arti clp@we bmd 1 3 e alnaarcagga%dnmali ﬁo%ﬁ%&ﬁ%ﬁ%@l{?%g%%m exanpl e,

t hese Mif§ E‘ mmatinlthliﬂj&ampieymedttr ratur am:mm-ll ui ds such as
é fhﬁéf,: AR “gP

xylléne{,’,} nﬁﬂlaw tdgm'ﬁtft mhers ol educed.
Abi | i tey uzaua@sgmé piekstfetviifhGh rhi Ee&@mo le f osition of
viok e

the s u:qﬁdwag resinee with erhekdmg @Qinkeof a oxupiitelpeliet safns sxm rred or

i s hyﬁﬁ’éﬁ%ﬂ o ..ﬁ%k ;g*f‘f :ﬁ’%%%;ﬁ ""ﬁ}g‘r;g"gf‘"““‘%?;g&g:;;@ B ed out by

met Hihe gde&ﬁx’tﬁrbeﬁhs BEEYSRI1 inﬂnute then gas was

Anal . E%%;?Z&ef?@n@%@bwme hdi@ngmnie flrsf i:xr%hﬂmmg setrefi@nt h beI ow. The
pri Ci td“q&gfﬁ d 6‘“&?‘ dan FfF‘it@F'é that is,

e A B R e S o ature and
press-surea(as Manbdﬁgredbﬁﬁbeﬂclrmgreaﬂtk obainel brtha fikegre J:r':&dir}hiﬁ ablen. The exit end

of theele#pillary col um opens into | aborat ory anbient conditions. The
entrance end of the liquid filled capillary is con- nected to the | ow
pressure (perneate) side of a sUfBldilt ed nenbrane or film On the other side
of the menbrane, _a high pressure of gas, l;/pl call ¥, 100 psig, ranging from
40 to 200 psig, BBRM gﬂaﬁﬁpﬂwr 619'6{? Yce such as a pressurized
. gas cylinder and gas pressure regul a- 55 tor. Under these circunstances,
gas perneates through the nenbrane or filmand ﬁﬁégl aces I|qU| din the
capillary tube. A calibrated pipette - volumaﬁ, n toAffftch the flowrate
-is used as the capillary, and the time rate of T 'tfl o eAPThe di spl acenent

i Nt heq gt Rbrrheddial LBEED3kAHmas the gas perneation Eg'%te Thﬁ)lfor mula in
Brubaker and Kanmerneyer is used to 60 convert perneation rate to

per meabp il LPPE@®3$ deni, 0.1BeLpUSe general 'y | arge changes igy per- 60 neation
rate are caused by the process of this invention, the very small percentage
cor rect.s inil HDBE®Xq0 96ldchi, @B o1ty baronetric pressures gnd di ffeerent room
tenperatures on different days were neglected. The nodifications of the

r ef er etz Berprability sensiamtdd wehmd/secvan-ensBg @P) col oured water in place of 65

nmer cur (?) bey Ransity|polyethvdene n t he capillary tube. Additionally, in place of a

vi br at @) High Peasitypelyethydeny 65 1, 546, 897

10 tube vvas ta pped manual ly. A CI rcuI ar test area of 25.6 square .

cengg @ﬁy ﬁ‘ﬁg@pﬂaﬂﬁﬂ:;ﬁﬁg'ﬁ § %ﬁ&;gt‘;ﬁﬁms henges ecpesm?r ess steel. No
Corss it e P i e ot Mo Ss i neieil e 1057 A s

t he seadlpebeamem rbdnasgrleghfmteﬁsmable IBbel@v: Of h per heati on testl ng cell and
the nmenbrane was nade by an O R ng instead of a gasket. A short length of 5
thick wal |l ed rubber tube connected the outlet of the | ow pressure side of
the cell to the 5 capillary tube. Liquid perneation rates were typically
measured by following the weight loss of a tightly capped contai ner over a
period of tine.




The foll ow ng exanples are illustrative: 10

10 EXAMPLE | Into the reaction chanber of the apparatus shown in Figure |

were placed high density pol yethyl ene bottles of one gallon capacity and

also fiyms of difterent polyethylenes, 1.2 to 4 mls thick and about 6" by

12" in size. In this exanple water at roomtenperature (approxi- 15 natelyéﬁi;

[err]) was circul ated in the heating jacket.- After the door to the reaction
chamber 15 was closed, the chanber was evacuated to 1 Torr. During 5
seconds tke chanber was filled to 1/2 at ggs&btkége pressure with a m xturejpf
fluorine and.nitrogen (25% [err] by volu equalizing pressure wih a
hol di ng tank  of approxi mately the sanme size, previously filled with
approximately 1 atnosphere pressure of the gasem xture. Then the gas

m xture fyem 20 the hol di ngtank was punped into the treatnent chanber
during about 40 seconds, raising 2GAS$OINPPERMEANTEON LOSSBHIr oxi mately |

at nosphere. These transfers occurred through the HF trap. The gas m xture
was maintained in the treatnment chanber for 1 minute, then gas was
transferred fromthe reaction chamber to the hol ding tank, Pplive after 26
equal i zi ng pressure then by punping to evacuate the reaction DassbReom e o -
t he hol di ng tank. BétfeTreathentt r eat nent 25 chanber was evacuat el PE*HeTor 1,
(during 2°1/2 mnutes), it was then filled with air again 25 an 5evacuated
agai n. The sanpl esNo®re renoved and the permeation constants were frea-
sured as hereinbefore described. The results obtained on the fil re set
forth in Table 1 b¥P%w TABLE | PERMVEATI ON CONSTANT TO METHANE, [e r] x

[err] (1) Before 25#}&&2I{rg%{gglggmﬁ,el%mgt 4 m| comercial [exng] bag

film 0 1.2 ml| LDPE (0.918 dens,.0.1
MI.) 534 24 1.5 m| HDPE[err] (0.96 dens,
0.8 M1.) 86 1), Perneability constant in

pRis 3 L) . |
cc.-cm/sec.-cm-c (AP) (. , She Jatusta st in DeiR@art Y
pol yet hyl ene The ma.q"-;?rg g@ﬁ“ﬁiﬁfﬁféﬁ‘ﬁ@a M%&?’“éﬁ%ﬁ%m&‘f@&& eastngdhtiiged

det er mi ne changesmianergmatmof @C.Mﬁd(tynmlaitvgaétbb flpaginatipn tfeagmentt ll?qg  Whig
apbr ol Mo el 8 O i b e IOl Vi
tightly and wePghfggem fatd’ fiaveth Wil Midkh PPERY (hfineR gara bt 4t QA0 0.065" at the

t enperature. The mefinbihSlidvieter DL 1140 inf drdérrto Taskly eonkdin the lpoassure of 375 psig at room

1, 546, 897 temperature where the tests were carried out. Twp hﬂé?_\grf geﬁgls%afmmtpg:‘tﬂlgg
PERVEATI ON L%@Eﬁ.’%ﬁﬂf@ﬂﬂ%‘t' wherenly e s reafed- ARG FRsHiSOPRNSG IS SERAT ™ 10
Tenper at ure Nohe '

105 g None TABLE It 106

g 25% [err] in [err] .at roomtenperature, 1 mnute
21 g EXAWPLES 2-6 An additional ”W%%ﬁ% ONarried out in
t he sane apparatus and in a sim|l h in Exanple 1.

Hot water circulating in the reactor was nmai ntained at a tenperature of

[err]. After conpl etion, of. { .l nation treatnent the I Leh
wer e bl ow nol ded of tEﬁiR“d’Ff Jgﬁ{s}'ﬁ{/éog%ﬁé’let hyl ene, were fill ed%ﬁsﬁms\m&&
approxi mately 50 granmg of M3;redeal/ 1 M xture of [err] and [eppds@2nshosgrped
with a crinped aerosols botykd @, h,VEminlddec bot t | es were nol dedobm ghwoogga wal |
thi ckness at the thinnest 2aF] ian:,ﬁImih.%@d 0. 065" at the 0.0014 g, 0.0017 g
. 5 25% F, in N, 1.5 min. 0.5 Atm. pressure 65°C 0.007g, 0.0017g
6 50% F, in N,, 1.5 min. 0.33 Atm. 65°C 0.0023 g,

24

Examples 3-6 show that 25% fluorine at pressures from 0.33 atm. to 1 atm. can beusedin 50
the apparatus to produce a useful change in the properties of the treated objects. In Exam-
ples 5 and 6, run at reduced pressure, no time was required after pressure equalization to
pump up the reaction chamber. For these, the Erocedure was modified to eliminate the

15 Ppump-up stage and the treatment time was lengthened from 1.0 to 1.5 minutes. 15

EXAMPLES 7 — 14

An additional series of experiments were performed using the apparatus and procedures

employed in the previous examples. As in Example 1. one gallon high density polyethylene
50 Dbottles were used. The treated bottles were also filled with about 2,800 grams of gasoline g

and the weight loss noted over a period of time. Different temperatures and presssures were
used to demonstrate the utility of the apparatus at different conditions. In these examples,
the apparatus was used with 109, 25% and 50% F-. at pressures from 1/3 atm to 1 atm, at
room temperature and 66°C. Treatment time is the time at which the gas mixture 1$ held in
contact with the objects after the desired pressure is obtained and before the gas mixture is o5
transferred back to the holding tank. The results are set forth in Table IV below:



maxi mum di aneter of 2 1/4" in order to easily contain the pressure of 37.5
psig at roomtenperature where the tests were carried out. Two bottles were
treated at each tenperature except for Exanple 6, where only one was

treated. The results obtained are set forth in 10 10 Table 11 bel ow\
ABLE |11 PERVEATI ON LOSSES OF FLUCRCEARBO\I PRCPELLANTS AT ROOM TEMPERATURE

rrple Treat nent Condition o . Grans Lost in-5 Days
X Not Treat ed - 0. 0949, 0.107g 3
/01222 in N2,. 1 mn. [err] 1,546,897 0. 0008 g, 0.0p4 .g.4 25%
F2_10 N2, 10 min. [err] 0.0014 ¢, 0 0017 g 25% F2
in N2, 1.5 min. 0.5 Atm pressure [err] 0.007 g, 0.0017 g 6 50% F2 in
N2, 1.5 min. 0.33 Atm [err] 0.0023 g, Exanples 3-6 show that 25%

fluorine at pressures fromO0.33 afm to 1 atm can be used in 50 ttfe
apparatus to produgRenr & Bs&fdlb GhaBge in the properties of the treated
objects. In Exam ples 5 and8@® r#&n at reduced pressure, no time was
required after pressure equaﬁvliatl on to punp up the reaction chanber. For
these, the procedure was nodef&ed to elininate the 15 punp-up stage’and the
treatnment time was |engthened from1.0 to 1.5 m nutes. 15 EXAMPLES 7-14
~An additional series of experinents were perforned using the apparatus and
procedures enployed in the previous exanples. As in Exanple 1. one gallon
hi gh density pol ye%%g&n bott¥es were used. The treated bottles were
also filled with a 2 grarrg.'iﬁf gasoline 20 and the weight |oss

not ed over a peri o%";gf'\ g% D|ff nt tenperatures and presssures were
used to dem)nstrate"the" ity o he apparatus at different conditions.
In these exanpl es, the apparatus was used with 10% 25% and 50% F2. at
pressures from1/3 atmto 1 atm at roomt erature and [err]. Treatnent
tinme is the tine at which the gas mxture ig held in 25 contact with the
objects after the desired pressure is obtaiged and before the gas m xture
is 25 transferred_back to tlzezhol di ng tankﬁ The results are set forth in
Tabl e 1V bel ow. =2 o atief ‘ 1, 546, 897

12 [err] [err] 8 5585388 ? 1, 546, 897
13 EXAMPLE 15 A fi Ee:&%%ré E‘l h denS| Ey poéyet hyl ene drum was placed into
t he treatnent chanber and treat ed wit hgfl uo® ne gas by the nethod enpl oyed
in Exanple 1. The water jacket tenperag turg was mai ntained at [err] and a

ofe

fluorine concentration of 25 per cent Bn n| r n was 5 enployed. The
treatnent tinme was two minutes at one hefe. When the drumwas 5
renmoved fromthe treatnment chanber, a 8 i gh de | i ng of surface gl oss

conpared to that of an untreated drum howed that reaction with fluorine
occurred. EXAMPLE i'@ @0\702\ comm@rci al'l y agail abl e wi de nouth, eight ounce
pol ycar bonat e bot t Fe\v@S Treated With 10 fRuorine by the net hod enpl oyed
in Exanple 1. The water jacket tenperature S main- tained at [err] and a
fluorine concentration of 25 per cent in ni®rogen was enployed. The
treatnment time was two mnutes at one atnosphere. After renoval fromthe
treatment chanber, the treated bottle shovve a slightly iridescent surface,
di splaying "interference 15 col ours”, showgng that the surface had reacted

wi th fluorine. 15 EXAMPLE 17
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Films of several different high and | ow density pol yethylene materi al
ranging in thickness from1l.1 to 1.7 mls and density from0.915 to 0. 96
gmcnB were clanped to a netal frame- 20 work, placed in the chanber and
treated according to the met hod of Exanple 1. The films 20 were exposed to

ten per cent'fluorine in nitrogen.at [err] for five mnutes. Fl uorrnatronO

was evident fromwei.ght.gains of the films of froml to 1.5 per cent
Infrared spectral exam na- tion of the'filmalso showed the appearance of [
absorpti an at ?pproxr mately 1100-1200 [er r5] (gbr,e to the presence of CF

bonds. 25 ! 1,546,

25 EXAMPLE 18 Pi eces of unfinished tanned | eat her--sheepski n, patent

| eat her, boot | eath l? £ss \s oe Ié&t‘Mé’rLEﬁ pl aced i n
treat rren‘b'chanbe 5f dﬁg‘f%cg ?ﬁftﬂ}% Eglt%t%t%e&c . tl’:’:gf
fol I owi ng speci f-luﬁe WAk zhﬁtlai(ﬂ&ﬁa udrﬁet&fc&ﬁtnatn rg

and 5 m- 30 5nuereple»e o”Eluarteeatmm tilEwagl evtceinotes steme ti hraat N\memﬂieeirmwhhe
sanpl es renmoved G} ‘F%“ er“@&%l Gpmbeycy tightdlulling Pfish cesmsghwgreq odhitay or
di scol or ation an@f HER Sé“&‘%gt”tfg P e 8 BortEe 8FFUBEd-wat er was pl aced on
the surface. EXAMPLE 19 35 I n order EEAME%tI’ate the use of the

appar atug of 1hi g Amﬁrtndh af/@lablhaldg ntht clgm ouncta polyc@fhomitérianttia weatredtedrwiti Nk,

a pol yet fiyl ene bftarine q‘l’ﬁ“ﬁl k%‘ﬁ%!ﬁltfé%‘“ hma
el LEal bl ol g 2 BT °sm AR ﬁh&:ﬁﬁ‘an
(vacuum punps, rafarnlbgelﬂftttlrda&d toitl.sh oxt« & diptalyhtdesdent sahfadéuait ing Cinlerfbfente

i s all owed t d5f | eplpuryit showing thas gt Sudfpeediad rdaeted with Buginesui t abl e connect i ng
pi pi ng and valves 40 from a hol ding chg E[P GOt aining Cl2 gas. Stainless

St eel or ni ckel angim biaverai Qlfftenthil lyé’tﬁ lemeénal rgi?éu@'m Bickfdss
"Hastel |l oy" are fromfldrto ¢d niils and:dmsr yrfumt(i ) Tn} to ei mtaahétai thmar e

Regi st ered Tr2ide "Ry Rlaged "Eﬁ‘i‘e raqdn@at]eémgprmng lhél
i s punped into tg@ﬁeﬁ%& aﬁ'ﬂ{ [ g ixlﬁ gst ain
OOcm

two at nos- pher eﬁorpdrfeﬁesmrxmso vueeﬂea yeama
pol yet hyl ene bot thiecte theopresendei i {CeF Uénds.chl or i nat i on. Af t er 10 m nut es

exposure, the¥unreacted chlorine and by ?&? HC1 are 45 permtted to®
NS

13

\1

flow to and then F@eqWimARRsHeR dies RahaL nt Yeathe 2 bS&IEARRE, NGd WS €M
contai ni ng [ err] shioe leaths o1 vier é—ﬁhceahdh @éattherdt ﬂi’nbtr'ea&édﬂy theT:hahddeﬂEkAnqﬂb t ank

is flushed with él,r‘gthrm fallgw mﬁaqsﬂrthg 5% Iéum%l 6@6 uarketactppesatyrg ynit o

absorb resi du¥® % acaj:g& (ﬂ E f:g&l ggroriﬁé’#tﬁiﬁn ﬁ,ﬁa'@"ﬁ i

opened and the c
50 EXAMPLE 20 In order to denDnstrate that t he apparatus of this invention

is useful for_treati Q’g,ﬁ tF AW’#rEcif?r ﬂﬁﬂ?g{gﬁ %rgﬁ)gl e‘ﬂgmb‘f"g}:ecf .

experi ment i sco z
\S$1atdd Polj@bylent Bbitic I8 saftable

&
pol yet hyl ene bot t listo a&xa;ﬁwrtm ‘?D)é
etc.) the charrbemears (wawua?v@ds trgfnterﬂlmnr etcl\)lr the cpeh tert:l@ levagnatédnty 156\'rd2%1l%)18803

S! e 1] valves
gas is allowe oﬁmﬁu ﬂ?ﬂ, g';m ef con ar in WB ss‘;t tﬁlorﬁﬁﬂ a“%%a;: nic iﬁloys 40
donnect i ng i nicad elet 677br | h@% chiEied 803 oRsetbutioh ¢ Mandi?
[err], [err] m xtHasel&y’ eumRegsersd 'Emtie Mark lEircm afhk Hemghm Cnlnethc Edldnmg/tsnls uch

as Monel netal, @rpumneestgr!mt etsa§§°“ IrrE $d m’-d gr@f*é'rﬂ o fsmos
CONSt I uCt i on. 4N ﬁm‘ﬁj ‘t E& gog‘ﬁ'r 'ﬁ‘ﬂe "%Eg S e
60 into the l’eaﬁértnilﬂ:d ré Buriptdié éeg uﬂtcmrnwamx ﬂibﬂtgldrs& ni O

attain 1 atnosphentin @sgahse:b B¢ and PO torabsonbdOc Khersastion tankie fleshedswitht ed

S03 is perm “eddﬁ%ﬁfﬂgamm J’ﬁ“’ﬂ e i agb' 9?" il S’l“’l a* A EppmEpedia a

scrubbing sysgentESREATERAG @ity LBF B RsBeHT SR or 50

introducgd with the sarrpl e bottI e' The EEAMPILmotank is fl ushed with dry

nitrogen or air uls'todq Onsﬁa@lrlth%un @wf;'athﬁts.f]ﬂﬂ%mmn joreis isefud fog brsating objests dual

65 ' gases.  punpelt ﬁ%gg G i ol o2 poyitiytie Bodde! By SRRASHEANT_
refrig

the sul f onat egs opy a 4[0: etc ) the chamber is evacuated to 1 Torr. Nm-ogen containing

1, 546, 897 20% SO; gas is allowed to flow llnto the reactioh chember ehroughl suitabltgdonhdating
in t ﬁ@@ tajping mixtyre Stainjesy st
i nvention has beglrﬁmcgklzrgilnﬁ‘legﬁmc elbLlYl ;f L?lgh oneF: r%’gt glor uslbsao elgz;%eé ?mn?z%dgggl :feb be

preferred for construction. Enough of the remaining SO+/N: in the holdmg tank is pumped

60 into the reaction chamber which is maintained at room temperature to attain 1 atmosphere 60
pressure. After 10 minutes exposure, the unreacted SOs is permitted to flow to and then is
pumped to the holding chamber via a scrubbing system containing CaSO. or MgSO: to
absorb any H:O present or introduced with the sample bottle. The reaction tank is flushed
with dry nitrogen or air (exhausting to an aqueous NaOH scrubber) to absorb residual

65 pases, pumped out once agam |f desired, filled with air, opened and the sulfonated objects 65



construed as being limted to the materials enployed therein, but rather
the invention is directed to the generic area as herei nbefore discl osed.
Various nodifications and enbodi- 5 nents can be nade wi t hout departing

fromthe scope thereof. 5 WHAT VE CLAIMI1S:- 1. An
apparatus for exposing articles to a gaseous fluid conprising one.or nore
C - nents which are reactive wwth the surface of said articles, sar d
atus conprised of in conbination: "10 a. a first seal’ed reaction
or the introduction and

r haV|ng sealable access

1P reaoval
of sa : : . : ( means
connect ed (;;‘O at | east one source of sai d fluid and seal abl e access neans
for the T RithoughBeiifien@ithat BORVilstriba Bfixd Ef d second
chanber comyruapisi g/ linited to tlf‘ga d@gtﬁgeﬁﬁ §§’$ﬁ'ﬂh ?ﬂ?l%@%méﬁb%ftor said 15
gaseous direai¢dtoghe gedeliict dreaas|hesginhefor diselosed dVarpacmodifications mixkembodi-

15 c.5a g}’ %1 ‘gt‘b‘i‘ﬁ?é'é‘f‘ﬂﬁ@méléﬁ@ﬁelth‘?fwfand second chanber; 3d. vacuum

produci ngy t I iphkih AhrhriAls 6 a FRARS P&, HEdnE oRSeRChAPRd W th said
condui t neits iwhith afer ::sallvg’&ﬁ;t?h Isyrffzée;l mmlaéﬁsﬁrga%lfs g&ﬁ;ﬁi&éd in betweén said

chanbers;ombmetroe— each chanmber may be evacuated or cha'{cﬁed with said
gased@s ts qrashambaiavise se%le apcesy megpsforthgjintraducfionpnd \dBn sgai d
I ofs

chanber s g éﬁEo dﬁh&lbérrhﬁﬁﬁmtco&fuu%%aﬁk ‘Bhdekted E5at leat@nEsouicdi d appar at us
i ncl udi apd ﬂs:sumde seatuﬂlet édnsl fo@ tiecintrodaktionesnd semadalchf fsaid amisles oper ati vel y
associ at mn@y vélrmb@ !!ill p@!vehdglpgﬂwéef fertaidy- _product s
and &dn ﬁj?f’ m fﬁi e@,l m 1 wherein sai darticles
are hol | oawaamﬁ:o ouwga}anefar afndd au{?&yaé‘sﬁdcﬁ&dmmﬂr has neans

whi ch alcbmim systam bhslenmtewmmg pmsmé dlffbrumtdls piwgentsaidichembe@bwherd-er i or of sai d

artlcle Y y Be syag Arged gty s Q‘“ F@P‘ﬁs%aé‘ﬁfdf'tr nsf er
oot 24 B P e ey M T
Root es typendahowatw y afspé aécB.MlB séid Eanitit BteinOro Akate autoéacaomlsger e| n said
transferprmaﬁsmria@nanm |d seal ed 30 @f:@ usi n‘i an |nert a&u
30 >, A@Q %ct%g%ﬁfrm rﬁ:;%}\yhl%h?ﬁo fo ? o‘f:%ln%{;' atzs' east one
s d ift f article Nt he conCentration
reactiye a:qamseabﬂhngﬁo Cﬁmnabaz umeramsmﬂwhnﬂgrman&mmprﬁe@ibst antially as

oo Zﬁ“’g“’g“a‘ P8 T oF G R T8 Ao by 1 g s

35 7 atud racoaf'cﬁ@rtb Afly rld®f ElainksACE 4GihafemGk Radt Dhd 6f saifl ciadnd-i Cl es by
exposi ngaetShemumpedaw hisrewsforfmqmtdnmwﬁmm ntrgtiend r@ctlwpmpqmmonent s which

d hy
B D LT SRRt Borpr 21 e

step§ ofEm i ng” sal paratus” conpr ak | east one
seal a r eac fbceshadrtm&rmg(the alirfhcathalrae&ﬁmcmnertmeab dprﬁnhg:hihélg tehanber, each
of sai d sesa 1c in Oefeeﬂ ra@beoram SWh'ﬂlOarne%m%VCfVoﬂl thrsurfaestdfonal

i ntroductf4 %@g tus gls iegs% tl&p&hgm‘%zl di ng chanber
mey QRtimda exst d' aﬁmérye g $cQlabld aécessf 1491 d Or

additro nmdahg/foaﬂxeaopsemb lmkodmom bt lcaktacmb of sa:d:)amelest abérebyhsaud dollingondui t system
conmmuni @h!m‘?%“%ﬂl%ﬁﬁ é‘ﬁbzeﬂ agionky # hqlding chamber for59id Buid ppaddgionallgr ewi t h f or

sel ect i VB o o bitie Silef nggﬁlﬂfcﬁﬁ}&' AldSchBRBE SR Sty GlRagker s 45

wher gly :ﬁ@h elrdwx fof séwoﬁvayi Clehtiify predsive liffeschitials Gerebir b#d dighbe’chischanber is
al ter natwhmlby saedlﬂmdattedsfmeddh B shid§hainbersiand egmmr fslaltergatively

synchrorﬁ"i‘iu BlddeSd (£ espect to said
evacuat i figig g%’?@fié‘éﬁ”“ “?:‘I"“ ! ege%a%ﬁé%f?eﬁ Foifibo L Sa‘xv%v p“éf‘“%?%?d al tering of
sur f age c&aiha:cﬁ]eﬁdnsh with san&ﬂﬁid&@nsfer, siparaﬁngamn;emh bpprodadsand aord fS0ui d

transfertamls @irating out reagtio roducts an 50.tamnants.s 8. A
process mﬁs %" lt Gl {e r}?ﬁ%" g"‘éq Fraqtion chamber EH&WB@F“W ?H]

decont a Qa L roBésb ﬂdﬂl kCORM NEr Swhketeimtaid £1i@& areXispbsed i&eBRaiiCCcoOr ding to
Cl ai rps7 tion cBamtive seethat il m:xchcrmtacds esly greanteiigf saidlarticlescach reac- 555 tion
chanber s¥-t I*‘ﬁa?m’éf&i C‘f‘#‘ﬂtﬁ Ei;lgéﬂ Yfl‘%elfbﬁ?cs{‘}l reaqtion; chamber igmaigtaised glas ¢ j c| es.

55 pressure essentially equal to that of the interior of said articles

11. A process according to any one of Claims 7 to 10 wherein said fluid comprises at

_ least one halogen
60 2. A process according to Claim 11 wherein said halogen is fluorine. 60

13. A process according to any one of Claims 7 to 10 wherein said fluid comprises at
least one interhalogen.

14, q " A process according to any one of Claims 7 to 10 wherein said fluid comprises sulfur
trioxide.
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