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30. As is well known, disposable equipment for medical applications is desirable so as to maintain a germ-free
environment to prevent the transfer of infection espscially where cost prohibits cleaning and sterilization after each
use. Disposable elements, especially in an ambulatory infusion environment, must be low in cost, since clinical
application of disposable administration sets requires that the administration sets be regularly replaced. Typically,
such sets ere replaced every 24 to 48 hours, and seldom remain in use longer than one week. This frequent

35 repiacement interval should ideally be fulfilled by an inexpensively molded, disposable, mechanism which would
normally not last the years of service life expected from the pump itself. To be practical, an occlusion detection
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pumping cam associated with an upstream segment of the delivery tube and a secondary pumping cam associated
with a downstream segment of the delivery tube. The primary pumping cam is wider than the secondary pumping
cam, so that it can displace sufficient fluid during its pumping stroke to deliver fluid external to the pump and at
the same time defiver fluid to the section of the tubing beneath the sacondary pumping cam to allow it to fill. The

35 secondary pumping cam is narrower, since it only needs to deliver fluid external to the pump. The present invention

additionally utilizes pinching cams and pinching cam followers, which open and close the delivery tube to allow the
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diameter of the tubing. Consequently, when the tubing is positioned within this channel at the time of manufacture,

a narrow portion of the tube wall will be flattened against the wall of the channel of the administration set. This

narcow portion forms a contact line with the channel wall having a highly predictable fine width. A source of
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25 1f pressure within the tube causes the tube's diameter to increase, the contact line width will increase. Likewise,

if 3 vacuum is drawn within the tube, so that the diameter of the tube decreases, the contact line width wil

decrease. In fact, the contact line may disappear aitogether if contact between the channel wall and the tube
ceases.

This channel segment is placed between the two pinching cam follower locations in the pump. Thus, when

30 the upstream pinching cam pinches the upstream follower against the tube, and the downstream pinching cam

~ follower is raised away from the tube, the tubing in this channel segment is subjected to the output pressure of the

pump. When the downstream pinching cam pinches the downstream follower against the delivery tube, and the

upstream pinching cam follower is raised away from the tube, the tubing in this channel segment is subjected to the

inlat pressure or vacuum of the pump. By synchronizing the measurement of the contact line width with the rotation

35 of the cam, both the upstream and downstream pressure may be sensed. This permits a single sensor to monitor

for both upstream (supply) and downstrsam (outlet to patient) occlusions. The use of a single sensing mechanism
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25 Brief Description of the Drawings
The preferred embodiment of ths present invention is illustrated in and by the following drawings in which
like reference numerals indicate like parts and in which:
Figure 1 is a perspective, exploded view illustrating an infusion device having a disposable administration
set in accordance with the present invention. -
30. Figure 2 is a perspective view illustrating a disposable administration set for use with the infusion device
of Figure 1.
Figure 3 is a cross section view taken along the line 3-3 of Figure 1.
Figure 4 is a plan view illustrating the single-piece cam of the invention.
Figure 4a is a cross section view taken along the line a-a of Figure 4 Mlustrating the contour of the outlet

. 35 or secondary or downstream pumping cam of the prasent invention.
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The anount of thd&H¥d &Bmﬂmﬂ) vipw °‘p§h%f"5'f‘ﬂama$?°’|m"’t%@9“’? Srighen GlF"gf"F'bm Mlﬁﬂ“’ig
to 10 nols, aekgekif fbtbién fair%oﬁi&@bﬁthé‘-mﬁsmﬁ tﬁwﬁ BEWY, ShowihB R _Idaf ifbha? redabaéhif BIOWR Rtdiner

6 nol s, based on 1 nol  of the conpound he reaction Ais
carried out Pt Whesthy administration et is igsialied ip ithe "ﬁ!ﬂ% devighd no particul ar

restriction i s pyguen1 ﬁsfhesectﬁmwm opﬁte futlihg fefainér é)ﬁf"el!ﬁl Figite B Qtaldd Bibhg Iﬂ‘ﬁ 11 of Figure 9,
enpl oynent _of a I|arge amount furic acid does not have a

i nf | uence2D showing dhepestions) stlaﬂe'sh'wf tt'heb'm 0 (thet retaipgn plate yhens thp Pdsgrmrmwn srt%@mlled)rn

the large a f ncy, productivity and
the | ke, TS ossR Spéecifid Rt tid it n R il g B °§‘*‘“§"*}f% .@' ght or . more,
(.

preferably in tIfigue e wetional Yew f thetubiameteings piatsi of Figure n plongfline Hiol1yof Figwre B
10 to 100% Wnt it9 rﬂ{g?rpaﬁ Cglie Yhowi eth dsicial @Ltl&ﬂt@ ﬁotlms tug grg ﬁ}at%neﬂﬂﬁte hen the

concentration uri c aci Whl can y wel g

nmore, pref eraétmwm(;ettw nalied byhm,fuaymmem apfcthecinlettoling lpocelﬂ(bd ably 95% by

wei ght or pgror e. | .
fumng s u furic Fgﬁh 35'@ & deidnal Witk I’J'Jtﬁé ﬁnglgngﬂteggﬁr:ﬁﬁtstb? nglﬁgs é%l%ﬂ?“ﬂ?ger ‘)r”f' 123# Flﬂl{!e 8,
in the  pr éeatia o Rigures i1 andg2 tivtshowing e positionalseiatianship olcthetubieg audatke retainer plate when the

-13- wit hQMtﬂlﬁBﬁnn%ﬂ?ﬂﬁﬁhfﬂlt%qm:mnﬁﬂrlce gﬁﬁﬁﬂuﬁg%ﬂmﬁ%clﬁl@d’ be used, so

long as it is 1nert e reac
Figure 14 is a-sectional view of the tubmg retainer plate of Figure 9, taken along line 14-14 of Figure 9,

along with a broken away portion of the infusion device body and the adjacent wall of the tubing, showing the
30 positional relationship of the retainer plate and the occlusion sensors when the administration set is instalied in the
infusion device.
| Figure 15 is a broken-away schematic view showing the view of the tubing retainer plate at the
photosensor of the occlusion sansing system.
Figurs 16 is @ schematic view, similar to the view of Figure 14, illustrating the light path when there is

35 no acclusion, or when there is a downstream occlusion.



t he organic solvent I ncl ude hydrocarbon sol vents such as hexane, octane,
decane, %W , benzene, toluene and xylene, ester sol yeMUSIBI2EEE S
et hyl acet utyl acetate and anmyl acgtate, ether solvents such as
tetrahydrofuran and di oxane, and hal ogenated hydrocarbon sol vents such as
di chl or onet han ré’-iﬂk@sﬁﬂ%‘nﬁfn% [aantieal td FijufeAGNéxedpOINEY iR Rates the light path when there
1, 1-di chl or oet 1,1-trichloroethane, 1,1,2-tri- chloroethane,

1,1, 2, 2-tietan mmmqselvsn&ne chl orobenzene, o-dichl orobenzene,

m di chl or obenzgng, 1§3|s‘1'sﬁlﬂhﬁ’ﬁc%ﬂ“ﬁﬁiﬁ@al to ﬁgu% 8; Excdp€ et MRENELHESlght path when there
o-chl orot ol uene;, mchl orotol uene and p-c hl or ot ol uene, and t hey are not
restrl ctise. bubhlterstha flsig imthtubingray be used singly or in a conbination of two
or morg theregh, Fﬁé%l sEMInaﬁc Viowh katidl Wmﬁreal%eex%ﬂ?thbﬁ{ AEeRs ﬁdn.gnhasérmamfan
sol vent s articular restriction iIs put on the amount of th

or gani c sala\mms;teammcluaos agshpfluid,leakrin thesystam of a |arge anount only
deteriorates o

the. amount _of PR ) 83 st A7 uorpl R e 18, bifey Bt lfaed €1t bl it
tines or isasspsassm orrigsion acna declysion,fand hélmtbmommmm} No particul ar
restriction is put on the operation and procedure of the reaction A As
the preferable usual procedure, for exanple there can be used a process
which 10 - 14 - Detailed Pesorigtiseaf aRreferied Embpdiingntir i c aci d, t he

comPouns (1) SRl S SRS 7 b i

process, tonSistent @tEunitrmQate) e thfusions devio@ N0 isf desigheddtocka asmsll, dightweightsand ambulstory. | Phed

whi ch | aci | f d, 1),,and. i f
S e Bh i bl § e it of 35 by ey SR i A
the conposgmhedd3n » pRddidiRingdBqubrict Wiendeprissédedy a fpuimiging arechaihsaemh tﬂgqubhea deligenCiwire 361

th 1 th t ddi n
b CoTE fop nbilap ik, s 3 a5, sfind 3o ok 1 vk Py fos B atbion sapeor
an appli grrhé ﬁesﬂft@ﬁﬁﬁiw i skowddntl Willhe et anair thﬁopﬁﬁfﬁh@ﬂihdddli?e) 10 by vaj bfﬂ!ﬂﬁﬂﬁﬁn}l

2" i oppl g, douToAPH BSR4 ST el SR 3o0s b s T e

engi neer i aditinistriafion Gt T%oadd eESAE Mty the hﬁnsu’lﬂ Qﬁm&ﬁﬁblaﬂ;iﬂahtahe pumpmg mechanibi 64.C cmrmund
(2) may be fed in a neat state or in

| ut.ion in whi
compound {eFl; aboyg;the housing sirustpry BF 4 mwaﬁ» Aoiegol, B, B eINgEOvifER 4 Sontpnys b of b
restri cig @the infot Sflthe Geiivery (URETS foredispenSing idﬂwammmm a(;ainem biwv | Altefhatively, athe flida
feed tinme required is in the range of from apout out 15 hours

pr ef er abl FeRranotupe,BR (Y qonqegt 19,78 FXterng reserygirinot shown), or ihe ’ﬁ"ﬁ""’f' (2% pe locaadat pihpr
t he i rrprou@gmtnnqﬁe @,,ﬁ.gﬁlgt lon efficiency that the react I on A Is carri ed
out with stir- particular restriction_is ona‘@?

- 15 - and tThehomnrsfrvqﬁ'ge BR-cpmprises aygetangyia champer 67 ﬁtj‘“ Ry side, h*ba"aa Tear wal

stirring gevWerhe Whd: o tﬁﬁfeﬁhﬂgﬁlart dhmiRf b7 Qioﬁ’ﬁﬁtopef g I6 tﬁfanﬁ Rie frin@%ﬁi | THe pufping
preferably used. Exanples of the reaction device include a

reacti ofP Hespriss Gig loaatewﬂvnaxhe repesy AQ.; Bxtendfes, thropaheut the iagasy agf Rarp '%ms‘f“f %lar“b?f eathch

as a propegt heside walid 68 i€ 6 nar@wlchdnkdl MEhaSihd 4 loRdr snoammsidm uﬁ,toksbﬁ ecmmmhfamgsmzs-
er, a honom xer, a line.mxer or a |ine honom Xxer. reacti on

be
carri ed Olﬂﬂh'byhaﬁhi"&# B“ d{;é:gg span in-Figirg ) gach of the cyp%gggncludes a spring- baasp(hhall assambly
perform ngst b ﬁk?&w ﬁﬁwin@ﬁatﬂﬁ &?%%hﬁi beln{) Mardhif Srserte ﬁ!fo thﬂﬁﬂﬁﬂd nndapkkkﬁs the spring

reaction tenp ure reaction A i's required -20[err]C

hi gher butassnmﬁt HEter impertion of [thg set 125 the sarinmasgemblies AR gither é'dehqsébﬂrqsepsamwewmmn

26?‘;?; ?gﬂ %ﬁtlﬁ igﬂrés?ﬁee{l]\mdgs 73 of the channett 72, hB\fing @ A5HoSHBIe [BFMRFafdn Y12 Scurately in

position. In operation, the disposable administration set 12 is manually loaded into the infusion device 10 in a simple

shding operation. As the administration set 12 sfides into the infusion device, the cam followers 42 are gradually
pushed against the delivery tube 36 by the pumping mechanism 64,

Figures 2 and 6 illustrate the simplifisd disposable administration set 12 without the occlusion sensing of

35 the present invention. The dispe-able administration set 12 is formed from rigid transparent plastic or the like, and

includes a tubing retainer plate assembly 14 -hich may advantageously be injection molded as a single piece.



prepar ed pol yvalent netal salt of the salicylic acid resin is scarcelil
brought int WOMMBhrticles at the time of _ dispersion and eveRCTUST7{12646
aqueous dispersion is obtained, it tends th: be poor in stability, though
this reason is not definite,  Further e 0 et. fof .pressur
sensitive recor dThRiking retampr B@"p’r‘?ﬂ&?’ "'15&‘1')‘? ﬁe‘%ﬂ‘gé“'ﬁ'?" t’ﬁ@ 1?&3.8'{% %éﬂ tubs Zontacting
pol yval ent ggielandSPdai fafowirhﬁamhm Er)ij'adtiﬁg FfFrhl tel tRIE kubface bR Snecnd] I TRR/OAE followeChatainer 20
poor abrasion resistance, which not lt‘)referabl e as the devel oiher for the

pressure seteuinatesia a ag eegAnging fatch 24 F"’lec"“ﬂ subsgantially pasallel tothe setfnprplate 1§y dhelatch 24, serpes

than -20] er{s]aciuckmg mechamsm for hnldln% the Bam followlerd 32 ﬁlﬁﬁﬁﬁdnoﬂjagéa?ﬁe fié 36°pridF @ Wdertion of the
snoot hl y. ara |0n rocess of present invention is

char act er azmmbyatwﬂ 6)? FﬁOri hﬂmoﬁ ingoinsertjonyef tb@ ﬁ"@ﬁ'ﬁé‘("&t Wt 2 intgfthe_chapnels 72} some
hi gh b f
moni t or e o4 sl ffeuleha2 ot sl by o g AR 60 Dotk B Ll A TaRGs cams,
conpound ( 2the fejlowstsgeturg do tandby posiieoragainst khpddtehadd. means such as proton NMVR
t hi ghy | P
spectrum of " O, RePSFGEP A AT RPN T ey e
anal yti cal awspaeerassembly 40. In tmh:afmd émbodiment & tiefpreséntinveative the cam foliswercand spacpr assembly

Phe. pr oauBy40 e iensibiCrs3 s03f whct BT o b O DRSS, Bpnylrel o
deteriorati hnwafanmmmhssmblyemmaylhe molded as preopiise Witly the yubing chtalnkxeplate aammy N4 provided
general , nthe reaﬁ‘{onA I.s carried o

e e 1 oiheh o et FRfEbd Dot 8, 1R 0oy o Syt iy AL b4 B ppbin Tl sy

pound (2), t140eThe @amfollswer afﬂyspher ak&mmﬂd utcmdes g gbp @Grred¥ shucers 44 inrthecfdmpdéf efongated
tenperature or hi [

wer .th 40C tional
e The. reStem Rver ke ischons Wich Tericile 1R eraser sbte 16,40 wibe s i i3b en B e 2
about 20 1808idce theRin® follévrrs 420dre/indtiuminita MUditrofling the @kdantlof Ak Mbﬁ’sﬁ the thickness of the cam

Gacired. | iy BLE agHiraitratan whh S LHIA 0 e B e i oo i e st e

pressure. FMrtliahﬁivW fufbe 36 i |s necessary to allow! d¥sifet A bOMNidtRYGugh he REAIAbRPAREYe] 'Ru\héi& due
at nosphere, but it ma e done in the presence of an.inert gas

gas such o Weical meldipg PW'é’F‘Y ¥Atiptians Sych Acsuracy may not be foyaibie. o Jhe, 0 F"éﬁ(eﬁ% 3?399'{ Aé
reaction A iumfaedoﬁswfao@ﬁeraci &Eﬂhﬁ:ﬁﬁes& Qaridfions.” Biitibg th@\mbldifPtocesR, the thkneSsUdf bhth ¥ cam

the reac- tion sgst emin a known manner, or alternati vely, the resin can

be used 2 Tolwers dbant iR AT WaAAACHT KAY bY {hn Sams g, barase T are Toengdh o b tame meid

reaction B)cafifys trRaCanp mokify Vielatlomt Sith 8 those lieQd8 ol Senipltathide bflesSurs WRBFfect both of these
The resin Ais _a resin having a conplicated conpo- sition which conprises

various contdBti#endcdlr ned by various reactions. of reactive oligoners.

Pref erabl e examhdtaringfro Fighfe P @WK LM thdTBi@ insdibd of Ue adhiliSratich seCH2 ihtb tlﬁ‘ﬁbﬂmg 86,
resin of the present invention include water-sparingly soluble and

wat er - i nsol tinfispensing twhe3ft is positipned immedintely, belpw the spring-iasad retaiter 29. Tha sariag-biaseryetaines ve
al I, the o5CiMahns %mlffﬂ +n s%?‘llctcftatggﬁn JI%EE ggaﬂ%ﬁhfgm&e?s 73T¥soﬂe§taésenei?§ @§R+ ?tsas d8cribed

the pol yval ent neta

bari um ni cedipr. The eam folpwers 42 arecrushed)egainst,the l"!ﬁfijslﬂ@rvl"fﬂi'wr“é eams@ﬁa ﬂﬂmﬂhyblﬂle's ghown
cobal t, tit@ppdi. Nrdﬁﬁ'ib RURRomifbd) 45 !sbealﬂ rnﬁebﬁﬂt}vﬁﬁ?sdﬂ&txﬂ%ﬂrtﬁ?fuﬁd §ive. The

polyvalent netal salts may be use n a conbl nation of two or
mor e t her eof . Ab'B\F@alanlw sphoacA4srasts bmupdmplatydlﬁam the shoulder &3 (e best seen in Figure 1).

Thus, if the spacer 44 is thicker than normal, the plate 16 will be positioned further from the cam 85 than normal.
30. However, in this case, as explained above, the cam followsrs 42 will also be thicker than normal, offsetting the
effect of the thicker spacer 44. It is advantageous, in accomplishing this self correction, that the thickness of the

spacer 44 be the same as that of the active part of the follower 42, so that they will vary identically in thickness.

The plurality of cam followers 42, as best seen in Figure 5, includes an inlet pincher cam follower 43, a
35 primary, upstream, inlet pumping cam follower 46, an outlet pincher cam follower 48, and a secondary, downstream,

outlet pumping cam follower 50. Each of the cam followers 42 are attached to the cam follower and spacer



- 18- Reaction B The pol yvalent netal salt of the salicylic

aci d reS| present invention can be prepared by r eactpdgusd7figsdeesi n
Awith a poPyvaI ent netal conpound. No pagticu- lar restriction is put on

its preparation procedure, and any known process can be used. For exanple,
there can %@ W’E{ﬁ% tmi EmbiRwé o} mnﬁtmqhav@ammmam@hﬁ?waraqwaﬁm tube

resin A afg T l'yval ent rreta ound ., an oxid é roxi d a
car bonat e 36 @ asnredetmmd saquange. Jhgalm e W‘W%@‘MP“‘H‘ wl“va Weh@t@f“}m

(the nelti t ¢

& salt ot MR ooy ¥ g x "3'29@?‘ 68 " Ty Pl DR ah T 33 Shd 10

anmoni um ssdoﬁdaquummm camtnllnweﬁ&(lmummtm fluid theoughvtbe delivery tube 36. The primmoLpuoipingcam fndower

e

I nvent i on phmpingrcém follgweer 58 ab/it tHuesqﬂmds Itmcd\he: Inmbdltuhmn Tiiefatiktates displacement of dnough

Sl ot 188 S 8, 1 ek St gy 5, B i g6 e

melting t h@wﬁsﬁﬁﬂeﬁmnﬁﬂ thedl0id Gdiveﬂﬂubﬁaﬂﬂwhiatmhd&ﬂnmr 502 toatisvalt €o §lir Thivs, 26 thee Colibver

O boxor | 6 Tasens afiatcad.iows 1wl oY, 15a folinnl B0 5 e rhicin, Yo i fiplages et fohope, .

benzoat qp A fifle mem@aﬁsm@mﬁisci Byahie fRRiwei 50, ddQlsé a:pilim{nargn fufia 1o @éntidue MR b6l Bdm
about 1 to about 5 hours. 1In -19 this case, prior to

t he heati ﬁ@%ﬁ& melting, there may be added a basic substance such as

amoni um acet at lﬁfervﬁaFWtolF’ﬂuranaﬂﬁ Qahpihg macha Mﬂ:lﬁdh@ﬂﬁlﬂése cOtindUSEND wmm flow will
benzoat e. . the case that the reaction is carried out éd’%fe ’
reyerre

doubl e dedsfdpseribied.i The mymaingspechagiam B4 crmprtes Pré?'!'\&’d"“blﬂ?ér"éd an;aye shalt B clngt

met hod \Ahleﬁ.bnuﬁﬂﬁipfnb T asrsmﬁtmgmafb@wﬁmu amisaehmw ff@idﬁ sﬁﬁm pilt8 of MBtalN Aflerrérivdly,
about equi val ent of al kali netal conpou , Lithium hydroxide,

sodi um Vhythe m.ayemblpm mayche gastapdilater merbineds Ag F‘!?M'dbﬁ Fasiombly 84 inglwles;a eantishaperture 83
carbonat e 4p Eccﬁvﬁﬂdd ot YA B ﬂﬁ; am%ﬁf 69 m&a ?]ﬁmtrﬂ%a LSRR R shafe 86 % a mptor. The

met hyl am ne am ne, | am ne am ne, trinethylam ne
tri et hyl armxieshaftcByatates within éeamrus UE‘F‘bﬂf@ "ptawmoamm 1w, 4PERras Aprmpdmithincthe walls 68 as

2- di met hylgaaisane h@mil THE Riig shaﬁhmve@maa a&mmuﬁas rétBioh Bt ERSRGMEy 84, mtcﬁﬁ

to prepare the salt, an amne salt or an ammonium salt of the
resin A dellawerpd? arséaniacm@amémmwlsmmm mqnm belpws theeby sappering thesdslivery tube 36

pol yval gt uce a water- sparingly soluble or
%0 nﬂrg\%p%smgq m fufe BY 'Fﬂ

wat er -i nso ent nmet salt of the salicylic acid resin. In this
case, the pol yvﬂn@am assmbtvdl'l ieppqifiselly desioned sich thay gesh ingrementabanglp Rireolutiestdisplacesthe

of the r J‘anﬁ%u lof fh.pf ﬁi#&ﬁl aBQﬁbI?M ﬁ{hﬂ&t réﬁ ori %}ﬁcaﬁ‘l: |85 ﬁﬁ%ﬂ alrt(!lﬁ dceddams

t he reS|n or t e added to t ound.
No parti CLﬂSa!cluﬂteyt iplptcpirichen can587p@tpnmv.ammmmla®nummemﬁﬂat !pruaﬂqt mingherqamr0rand a

the pol yvashﬁﬂ&rwmhréﬁl dutl fpul{n#]’ﬁ cam 2. The inlat pinchef cﬁpﬂT and éhoiﬁnﬁffgﬁggt Rded 68 are

resin of the pr ésent I nven n accor ance OSItIOI‘l
met hod 2§ apbrablyasenciafed witkethe injek pincher tan fillowsnfd ar@fthetmarv pupiping pamdipliowprcdB) iespectivetycl

doconpos 1R B ol o258 803 i Blonify R con b oA SplrlY s 1 2
sol vent ( enutiet pmd:ehgamrfallumrmnndsthh mumlary sumping camn folipwercile or Refpdrispte Figures 4b and 4d
1270 onl o B RRAG ST aR Bt e o b SHF T T/ VRefl cam 87 ant o
net al pincher cam 90 operata as valves for tha pumpmg action. The surfaces of the pincher cams 87, 90 are contoured
30 such that between specified rotational positions either the upstream or the downstream segment of the tube 36 is

pinched off to obstruct fiuid flow.

_Referring to Figures 4a and 4c, the primary pumping cam 88 and the secondary pumping cam 92 include
active pumping surfaces which are uniquely contoured so that the fluid delivery tube 3B is squeezed in such a manner
that a constant spsed of rotation of the axle shaft BB results in a uniform or constant displacement of fluid volume

35 from the appropriate segment of the fluid defivery tube 36. To accomplish this result, the primary pumping cam 88



salt of the salicylic acid resin, no particular restriction is_put on the
t enperat ure cwo??(é‘q’éacti on, but the double deconposition net hbgT/US97/12646
preferably performed at a tenpera- ture |ower than the boiling point of
water or the selected organic solvent, nore preferably at a tenperature of
fromO to 5% the secondary pumpiag cam g2 wﬂwwwemre&asﬁ upan:the follawing orincipies: prd,calcylatians.
reaction of the double deconposition nethod is preferably done by the use
of a m xing machine equipped with a suit- able stirrer or m xer. Exanples
of the m xi ng nackhegguation defipips: thevadmecef aatyfindricelstubeswithy! 1eeresqsting therlenpthrendid the inside
propel | er Sﬁi&n‘e?e‘?fs’as?nllsﬁkr: bine stirrer, a paddle stirrer, a honogeniz- er,

a honmom xer, a litne mxer and a |ine honmom xer, stir- ring tank type mlls
such as anBattritor and a sentry mll, Vyf+ levgtpk pea t ype nills such as a sand
grinder, a grain mll, a pearl mll, a Il e ‘g;ell and a dyno mll, and
annul ar -21- t ype conti nuous t stirring mlls filled
with a medi um ( eTkp.eguatjoredsfining thecrelumecct ameltipticattalel veith@rrepedsencing thicihsids pdps disheter 3r minor

ical ball_nil d Lar mill. . The double d 0~ Sit] hod
can be. carri @8 %k 4§sedeg 5 Bt By coufct e o AOWAT S e oo, "Con i

these reaction devices. The r agct leyth ogéareen the al kali netal salt
or the like of the resin A and the polJ val ent tal conmpound can wusually
be carried%ut under atmospheric pressUtEX9X8s t£*9%desired, the reaction

can be done under singdherdunifértits of the @ibe 36.RAlSATs rblRVENE SR sht WhéhSthe HuBing i Beformed from a
addi tion, the_reaction can %ﬁqqle@gepreéor med in the atnosphere, but 1t may be

done in the cYidacashene inty ansel % the cam followers 4dthe eylindricalcircymierpnge equals the eliiptical
hel i um or ar Gelference. Pref erabl e exanpl es of the polyvalent netal com
pound i nclude water-soluble divalent, trivalent and tetra- valent netal
conpounds, Typi cal exanpl es of the polyvafkemtlew metal conpound include

sul fates ch as g4 i f il & oy syl an

al um num ?gl fate, nf(f%lllmg’lrj‘ihgggﬁgfargﬁgg'ae??drqg‘a(ﬁ:ﬁ"oﬁﬁea,mqra#é'{ga%ggs?"bm’@ﬁ*‘gﬁ dcejz, xbem
cal ci - um chi-d¢sP8t¥elyhar i um chl oride, nickel chloride, cobalt chloride and

al um num chl ori deyyagRe %%ﬁcuﬁl{éﬁhce@e?naﬂrﬁgggﬂé@fn bift 113 'ﬂ?ormgt’im Fﬂ&?senf %Qgg&rﬁ%}e 36,

and a nitrate such as zinc nitrate. val ent netal conpoun

be used si nij¢ twocnircumferegces gmap beeguatesasddllowsno or nore t her eof . The
pol yval ent netal conpound nmay be used_in t -22- state
of a solid or an aqueous sol ution. il Q(?Lf'h'ke"a{’nibunt of the polyval ent

metal conPdund is usuliehing forrl t he range of from0.8 to 1.5 equival ents,
pref- erably from1.0 to 1.2 equival rlt(ﬁx%e-rnfngval ent of the alkali
netal salt of the resin A Here, if the polyval ént™ netal conpound is, for
exanpl e, the dival ent »Wtsulistiotingdowred (e.g., zinc sulfate), 1 equival ent of
t he polyvalent netal conpou e 0.5 nol, of the divalent netal conpound
per 1 nol of the alkali net gﬁqasﬂfﬁf"fﬂéuiﬁe'sﬂﬁ%.xd'"”ﬁa The pol yval ent
‘metal salt of the salicylic acid resin +fxtghegipresent invention which can
be prepar by the above process is a,esin.o ined by reacting the resin
A Wwth tﬁzg pol yval ent metal conpotifid; d&ﬁﬁ“f‘ﬂé%ﬁﬁﬂds"i tion of the thus

obt ai ned salt is nore congideringctbat gt hdns theaitalatea tdisglaced snd ibreakihg that total area infd 100 equal
nol ecul ar wei ght é?;a iéu@ﬁmﬁ?l yvalent nmetal salt of the salicylic acid resin
of the present invention de- pends |argely upon the anounts of the
conpound (1) and/or the conmpound ( 2)tetakardac- nxaick gynd t he reaction
conditions, but Jn@tthe case that the polyvalent netal salt is used as a
devel oper for pres e sensitive record, the nolecular weight of the

pol yval en30net al salt of the sal inerphéntal s6ai chlange = 77 x d x iy
and then solving for the 100 g values
corresponding to each of the 100 incremental area increments
sreal = ("2 xgxd-(T8)xgxg=rmxdxdy
and solving for g given the constant cylinder d value and letting
35 K = 7 x d x d/400 for simplification
and letting 7/4 = ¢ for simplification



resin of the present invention is preferably in the range of from about
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acid resin, m xed _solution of the organic solvent containing water_ and

the pol vawz a Fapidly incigasing o3 surtace results; %9|awc=hwv that lgads the @gtual pdius ehappe iLikqwise,
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record ﬁﬁd the fyjekfasent iﬂ?enm uﬁl & dpptbximateredicted ﬁa&e cRingds'tased 84 LoicibtioRs, @Pihﬁl ratiG 86 N
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as the cam rotates about its axis. Since the follower is formed to contact the cam surface in an approximately

downward direction, for a particular degree of rotation of the cam, the cam follower will contact the cam surface

30 at the radius which has the greatest positive vertical component. The actual radius of contact at each degree of

rotation is determined by numerically computing the radius with the greatest vertical component at each degree of
rotation.

Refarring to Figurgs'4 and 7 the operation of the cams 85 relative to the gap of the delivery tube 38 will

be described. The cam assembly 84, as seen in Figure 4, rotates about the axle shaft B8 and acts through the cam

' 35 fallowers upon the delivery tube 36 positioned directly beneath the cam assembly 84. As best seen in Figure 7,
5 between the rotational positions 0 degrees and 200 degrees the inlet pincher cam 87, indicated by a curve trace 87a,
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in a conmbin
Referring now to Fig. 9, the construction and operation of the occlusion sensing system of this invention

will be described. Figure 9 shows the tube-retaining surface, that is, the lower surface as viewed in Fig.1, and the
upper surface as viewed in Fig. 2, of the tubing retainer plate 16 of the disposable administration set 12. This plate
35 is transparent, and thus an occlusion sensing recess 100 can be seen through the plate 16 in the view of Fig. 9,

though this recess is located on the underside of the plate 16 in this view.
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air- kni foe seemfrom Figs.d iﬂﬂ &d@"%@&t"@r 00 aeureems-t@bmdép unt) the; felpwing. 330 degres pasition the

curtain cqgf gsrse Iy. INGE Waf}cuﬂ@?“a aﬁ(ﬁ@fb%lats % til?lgﬁ?aminbﬁ tﬁ@fﬂm whid eGrves 90a and

wher eby the opl ng eet can prepare particul ar
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S/n n% hiens URiB0 5stin aifbbt fuid c'nﬁmdn@gﬂn Rith thl b6dnsteal foutlee tpatith) RibRp Whénvind g RhgCrolowér@3 10
is closed, and the pinching follower 48 is open. This occurs, as can be seen from Figs. 7 and 8, following the 335
degres position, and up until the following 200 degree position of the cam assembly. As a consequence, it is

" possible with a single sensing system to detect occlusions in both the upstream and downstream connections tp the
30 infusion device.

Figures 7 and B demonstrate that the pumping follower 46 is in a fully raised position following the 250

dagree position, and up until the 380 degree position. (Ifustrated by curves 88a and 88b.} Thus, following the 250

degres position and up until the 335 degree position, the follower 46 is at its furthest position away from the piate

16, and the tubing is at its maximum diameter and in communication with the upstream or supply portion of the

35 tubing. Similarly, following the 335 degree position, and until the 360 degree pusition, the follower 46 is at its
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Exanpl e 130. determine the condition of the tubing, and thus the existence of occlusions.
More specifically, within the wail 125 of the reservoir {Fig. 1), a light emitter 127 and a light detector 129
are mounted at respective angles of (theta)A and (theta)B, with regard to a line normal to the surface of the wall
125. The wall 125 is paraliel to, and slightly spaced from the plate 16 when the adhinbtratinn set 12 is installed
in the infusion device 10. The light emitter 127 is typically a LED including 3 lens 131 which creates a light beam
35 which diverges at approximately 10 (degrees). Similarly, the light detector 129 typically includes a focusing lens 133
suitable for focusing a 10 (degree) converging light beam onto & photodetector 134.
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Y hour's & ich-pin it o e Risel iz, S s e o fouih o S oA TS iypena

Zi Inc isal 1340f lfﬁtthsmhngmittﬁs Sut&]ft![fmmy{hh cLEmcmfl is ]gmtsm Eﬁbﬁe&é\hi?hlight aagg(r)dma&d by the

mol ecul ar _we e SO in int o roduct was an

115[err] O °?°58?§3’6{% iEALq the amount of bt gﬁqﬂ‘d‘@“’?’&“ 197° The same procedure as

in the Exarrpl eﬁamms IESkra RS the View B ARBlrtdeh 847 6 2hepidde m fromh We%ﬁ&oﬂﬁ&ofﬂ?' e
with 83.3 ¢ tyrene to obtain gﬂ a zinc salt of

color- | fﬂ!’?n g‘&P‘f’b%’ '&"&@F’dh"rf@yl“ﬁ"‘”‘]’?féhmi’t&mma’\/‘ alfus figld)ob wew QF'""“/M"@HEWand
the Sofioemm whith e :&E 36 RSn Bgntiith m@&rﬁéqwaﬂm Eixz hwni Qsacﬁﬁﬁpﬁﬁﬁh!ﬁ: ich

Exanpl e he same procedure as in was effecte

except t huls tubp 3, isapt lgs%aswmhngfmdﬁ? uhs d@scaw aarﬁqagherfmn A3 willwidepjas the flaid ig
(71% by Whjg Gldk 36 B p?eeduw ) fha ma. r@fo Q#frm By weq(hjﬁs 36 Jtééh\i‘igﬁﬁhﬂe ﬁﬂan‘a%ﬁ' n

94 g of a zinc sal l1c acid resin. The we
aver age nWheaghe tubmua: suwtghtp aarmumm thap ha @mangccpre ibetweenfthe: piate 1fi ﬁdt!h?ttuhnéﬁ &R0

and 115[ ey Yﬁ% re
as in the E rePﬁ? malé\f@#sglég[h&fmg{%meﬁfﬂgﬁﬁn “% js (‘)’1‘jl ' @?&'@F?@"%ﬁgams '
repl aceth mal htaﬁel réflectign ¢courd Withirpthy regién tﬁ.lwhﬂyibmptmnfdhaauu lnilmt fyon{ the CED 123 lojcuns f
- 34 - i ,lgallcyllc acid to obtain 94 g of a zinc salt of a

col orl ess sa yl1c acid resin. The wei ght average nol ecu- |ar weight and
the softeni ng Befewiog wiv tolFigs.pib0.uthe opesationsidd canstrugtioh Itﬂpl'crnnqh@on degestiencysteng Wil

Exanpl e 5 e [ 1)
of - onl oy et Aol 73 (' AR5, o5 i slhs SRR ol B o Wl Lﬁ%ﬁ%’hﬁmgé@ed
on t he wetuyh38B isfsepsmted trylh tha phtnl 18)a mditmn&lmchmnllatcumt therdiiscan| upstreart berlusion, suchdas an
104.2 ¢ 0 t
stirri g Bondy SBey opiens® b e et R et beCin ol Sk, el e
f eed, t herefiectionof eche\wnident nht dhmlld ostur strtkechiateotB/ait inkecfanes Aawill BDjeen frdmZhe anng enalykie
solution utral.i h ht [ Xi
sol ution, ai&gﬁ {iﬁf“g?"é‘ %‘Erf‘i‘ Q,@ﬁ'{hlﬁgﬁ“ﬁ g'ﬂw?fftf%@é PEH‘()%C’%W%%VSQ'S“Q%& g'&
to the r ekiﬂdm phoa&deca:nluqalémss 900 mby lerprop@iy driewtel. Ufthazreinartielibdbabicthd gt 26 is
hydrate ( o, 1t he sol t|o at. 4 r ur
i t ner mo P, 50 i Padt e X B METT 0 s o iRl Bl i rERHE el
filtere2h mmh .85, \ak isithe/dasector, polycatbonattd) ha plastic evdd tnohembdfmsmentadlmgt fof the plate N6, tiwal t
of a colo The wei ght average nol ecul ar wei ght
and the sgﬂf‘ﬁ@ﬁr—naak F“X’t’ @f ﬁﬂi"“ﬂ?" %‘E‘E Whas 800 and 122[err]C,
respectively. Referring now to Figara1I¥,cthSpath of light from the'LER 107 BsHownewhed the nube A6 dscgresyedr €
placed 27 agamgt t‘te pla%a 125, a condition wluch will occur at the center of the tube when there is no occlusion, and across
a wider region when thers is a downstream occlusion whtch increases the fluid pressure in the tube 36. In this
30 case, absorption of the light should occur at the plate 125/tube 36 interface. If the refractive index of the tube 36,
Mf, is 1.40, which is the case for clear PVC, the plastic used in the preferred embodiment for the tube 36, total
internal reflection will occur if Sin (Thetala > Mf/Mp, e, if (Thetala is greater than 64 degrees. Thus, to assure
light absorption under these conditions, (Theta)a must be less than 64 dagrees.
From these calculations, it is clear that a range of (Thetaja angles exists {40-64 degrees for the preferred
35 embodiment) which will provide total internal reflection of the light beam when the tube 3B is separated from the

blate 125, and absorption of the light beam when the tube 36 is pressed against the plate 125.



- 35 - nmol ) of salicylic acid, 14 g of 98% by weight sulfuric acid 50%
by wei ght ba¥QP8M3he wei ght of salicylic acid) and 50 m of PCT/USI12646

1, 2-di chl oroet hane, and a mi xture of 62.5 g-’(‘o 6 nol) of styrene and 23.6
g (0.2 nmol) of 4-pethylstyren d to . the sql ytion at err]Cwith
stirring the sol Jief& "‘E"ﬁ%d‘ﬂ'gﬁ \ﬁad?'ﬂ'ﬂﬂﬂ i, Whieh fhe-the 36 saresgpd HWF‘;‘L" %“EW hukig which

. feed, the ¥ lsumemef thad A6, i ini the fibe B8 rwilk bd uedribeda t Asbunting hsnrptum occurs at the
tenperature. After, the sgolution was neutralized with a 5% ght

aqueous sodiiears efthamiale 125:and the Spbe 36, as_explained shovs. for the sitation Wh%g/ te S'tbP BG is against the
Vater (500 mate 198StofFif@Mallrétiebtls canrsﬁlﬁéc‘éﬂ%t thi"ilﬂa Qﬁkumﬁﬁs Sﬁde% 'tlﬁ fs?ng Ot fib Puht

of zinc sulfate heptah drate (29 ¢ ded dropw se to th es U|on
40[ err] C o dwiceithroughrthe whing:wallrandiodhe ﬂéh%tiib !nht is reflogted offtaj cylindrigal sather thewarflat interface,

t enper at ur e a]‘-, g,?s.,e.,gaaymmﬁ kﬂetdfd'c?&marﬁﬁm HintdBsh {nﬁf tﬁ thgﬁﬂorﬁi We?ﬂﬁé&bubble

obtain 114 a zinc sa ess sa resin
wei ght aver amfam | Thus, light will hve:refjested hachi ta the photaiatestor tﬂj m mlm ofbdt it thelight mtumll misalign

et on voReuphtfn eRRERHAFL: < g mor gt wIFSE el oo witom sy o Sl gl s,

98% by wei glut lsull[ihmhaclfa‘mltnha 3§mm}ed\lﬁmmgh¢p!mu§d on the wei ght of

syt entns « 31 tF dels @sirioon 3P, 16,7 5t 1 b 6 tn it imchetbon swnd arpim o
t hrough a driigipienisn pisvidesla meviahisny fohwcﬁng ﬁa&ﬂﬁ of Wigh pressure in the tube 36, and fod Betacting the
rre ours.at the same tenmperature.

feed, the m xture er. s

After the s8F &P?‘dﬁ%&"‘%‘gdﬁt&?ﬁ iﬁed'“\mdﬁh"’ utjlie; 4 'W“Wl"@ﬂ\‘“‘%f?é%?’%w Yptream and
hydr oxi de s déwistream,occlusidns, asveliab 8§ BuBbIEIIN e Wadicatibn Sirdai! ﬁﬁel&frf:mc %ﬁﬁmr‘ﬁ%ﬂh)wu
was added th§: resj due, and an aqueous sol ution (20 m) zi nc

sul fate hepf’&'ﬂya Bused o9 g) was added dropwise to the sol utlon at 40[err]C

over 1 hotg A nﬁmuﬂﬁfome"s%e call Of e pulp! nidEhanibhP 535 tAh bicBddr 55 i€ REEReH W@Erﬁ& o ﬂ%% fnBXor

2 hours, filtered, washed with water, and then dried to obtain
zinc salt 4711 ceawase p ause durng jeach|incramentq! eevelasiop f theTmetor 157 g The Wtwte!fatgueencoder 156 is

nol ecul ar  Wedcghillatéifla Plﬂ?e coRMira s ﬂrﬁclpﬂhﬂhs ﬂ; erfedlBr oufplAsly ﬁt’i ou‘fﬁ?coﬁ&?mﬂﬂgm degraes of

113[err] C, respective anpl e
in the Exanfﬂ“é“’"i"fvsa%m@wﬂéét édmemewecfonw is, pspd torfeselthe oytpuy ofythe g&@et 'r&ﬁtaﬂdinhase

of 35[ err] Cedufter 157 tea@chtimé the nﬁtonota?esH J‘ferospaintnn,% h%T]ﬁ:Q bend Jn@? ﬁosﬁiﬁ”s oFé‘ds é;?nﬁ@' Fhus,

resin. The wei ght average nol ecul ar wei
the produft “\ME‘PHGT.’) therhase coynter A37Cin the are tsqdlemb,ndwent is a smnal. defu@ormmr ami 6Am position,

Exampl e 1 cafibrated in terft ofadeﬁrgdémﬁo?atuﬁl rﬁlfgreﬁl.rm? aazmgﬁsltlgeast SHokPh %ge] fﬁure 2. g’ 9

(0.6 nol) of styrene was ure
salicylic acid afdockugtablp 1ois gannacted toctiie eutgiuf of the phase countel 1574 and mvldutadxfst output 160

chl orobenzegs, cofnﬂgrgw indiatRd b viethek dzgat ﬁmt%&?kﬁr Jr@n%t? t |§ea L“[’causmme Xis' dedermtiod i in

g of zinc acetate drate was a are at
50[ err] C. Adetailrepierd follqvmg the 250 degree cam @dgition and aup watih thev 335 cbjrte positian)/ thel tkbing is at its

VaCH M o 2 nkpndi fifneted oA Birfhuriceor wih B8 'y adhBl borfln of W By ettt Gtream
This zinc S'ﬁ#‘!'ﬂ“dﬁﬂstﬂﬂre Simitagly, rfoligming tllel33§ éaareamimnamdwm tlie 380 degfee gesition, |tlreguhmg is at
point, and ﬁJ‘H&IMH’PmBﬁe‘PQEHJ in %ﬂmxﬁlmhﬂ&vﬁﬁ nﬁﬂtre@hﬁp%psn?iorﬁon 5\ RBS Fq.] pgmmmg

pressure sensitive reco
gl ass react doymstiean acslusionsensing | o dt alﬁesﬁleugpd(aﬁnulir positioh of thé name:uuyds tBec800 aypired iposition,

38749 O‘E Oggaﬁ)eh Ievﬁ'nﬂbst sel?tql'nt‘n%é &mpa%iﬁrdl B"fmﬂt tﬁe same tn% a]sac%nnd ouﬁm %Qmmk{ﬁﬂno’k up ta(gle

30. 159 indicates that an upstrsam occlusion is to be measured. In response to the second output 160, a reference
value selector 163 selects from a memory 165 the highest appropriate photodetector output level from the
photodetector 128 in the ahsence of an upstream occlusion, ie., when total internal refiection is not occurring
throughout the width of the tube 36 and provides this reference value to the comparator 181. If the output from
the photodetector 129, converted in an AID converter 167, is above this highest appropriate sutput fevel, the

35 comparator 161 issues an alarm, indicating that an upstream acciusion has occurred.



of 4-nmethystyrene was fed to the solution at 0 to 2[err]Cwith stirring
the soluti gh a dropping funnel over 6 hours. After tgerti8Pf2edshe
m xture wa r stirred for 3 hours gt the sanme tenperature. Next, the
solution was neutralized with a 5% by wel ght aqueous sodi um hydr oxi de

| ution, foll heat ff 1
P hermor o oSy A Sesueteh anfhnt b ot e oy o ok i 348 o sGEAR) 5 bl sina
%jfled agak &m?rmhuimmtwem haatmdadmetam Séecond iedpmfroﬁﬂ'[edﬁok Crable N5 indisates that a
er war wat er 0 he sol u-
SOl Gt 1 on dowtrgmctilans 1k b€ pasitie I pstipda T ot 4 borengs VaS el S84 QRS iy
to the Solauinhm 188 the ddwestr apprépriaté Phiototetaetorioutplt Udvél hfammw mmiehbemsmsui the 'absems of a
stirred at roomte eratu&aﬁ for 2 hoyrs, filtere

t hen dri%®downstreanoselusion; ie. when light ﬂsmgtngléa fot mcurgnué@pngquﬁ@g ma|onty ofttpa wndtth o{ the tu%e

- 38 - 383N ﬁmbﬂha@afdem@ﬁha 10 ﬂibeon&mzfnmmm tROdutiut Fim the ShoRid@ekesr 129, \AGNerted
112C. Compar ative EX The sane procedure as in the

Exanpl e 7 inens AlBr qopusrteri67,cis delpw t n@héwe%taym@nee \itputievel, the comperaton b issuespn alarm.
35[err]C tuﬂlcatﬁmtﬁ{Pd%&r@m@éch@ior?l?a?ﬁccﬁﬂdt of a colorless salicylic acid

resin. The wel average nol ecul ar weight and the soften- ing point of
t he product vvas‘ﬂ siigigion; atthis e3P Hugree pesitipns anothprautput from the referencgyalye:splectar J@3 selects

Exanpl e
cxcopt -1 the memory V5 s 3p i vt oSl REFPNE g oo VA s,
g of a zi et as air bubblp inathe dubing larssprovidas it 4y thiecomparathr 16 d.2.n whenrtotal iateyhltrefiection dsgrot

ol ecul ar o%trﬂ@ E'I e ﬂusnIquﬁanﬁ?ot‘ '3 ﬁg tubﬁnpg llpﬁé kapu%rmrnq dﬁ@oﬂ%ﬁr Wnnﬁ@eﬁp Che A

103C, respec ara I"'es

to 8 convertor 1567nts luuw this d)igh&ml’rhpﬂate(hm,rtgp ooppaei 161 cmmlq:m,emiuam thaby bibble
use of eacth ;" ﬁ' iltl,sal ts of the salicylic acid resins manufactured in
Exanpl es £ "‘g%a ar ati ve Exanples 1 to 4: Zinc salt of
sal i cyl 1B aci d Alshasginthis invention is 8e3criyed in terms of certaibprietieth embddiments, othesl émbetlintents! that are
pol ystyrene . - Mater e e . 120
g appaigto r‘r‘i"ﬂg R iefingry S 9 the ALt arg, tpvithin the s5aee o hs i, tﬁ“““‘“}“@t‘f“eif"&’&ga
di sper si orthd investioniaritenddd 12 bé _ddfined odly by the slailny which folband gri nder. A bubbl i ng
state at the tinme of the disper- - 39-

sion was visually observed. Evaluation was nade by repre- senting the |ess
bubbling state by O and representing the very vigorous bubbling state by
X. For the inspection of a dispersion efficiency, an average
particle dianeter of the zinc salt of-the salicylic acid was neasured
after the dispersion treatnment was car- ried out for 4 hours. In this
case, the neasurenent of the average particle dianeter was done by the use
of a coulter counter. Furthernore, a dispersing state of the

di spersion was visually observed after the dispersion which had under-
gone the dispersion treatnent was allowed to stand at 50[err]C for one
week. Evaluation is made by the use of O and X, and O neans such a

di spersing state as to be capable of applying in the formof a sheet and X
means that the dis- persion is so coagulative as not to apply in the form
of the sheet. The results are shown in Table 1. As shown in
Tabl e 1, the sanples which were used herein were the zinc salts

manuf actured in Exanples 1 to 8 and Conparative Exanples 1 to 4.



- 40- [err] -41-

apparent fr dMOO#84P0ksults shown in Table 1 that the pol yval enFcﬁé'{sg(’i’s‘éfts

of the salicylic acid resins of the preserf: invention can conueL»t—I’re"”/
bubbling at the tinme of the dispersion.and so can facilitate the f

tion of finWESHAM cles thereof. Furthernore, after the di spﬂm‘m\‘ !‘@\“‘m\\“\
treatment, the oltai n@deﬂbﬂﬂﬁﬁnﬁ?iﬂd"ﬁmﬁﬁﬂ% y coagul ate, and

appar ent t hat they are excel ent In storage stability. Exanpl es
17 to 24, and Conpar atﬁdﬁé“%ﬂp‘lﬂ@‘j“@" gab comprising at least ongfalp@erypi ng sheets for
pressure sensitive re use of the respective zinc
salts of salicylic a& aﬂ' rg‘sfiﬁrrﬁgw@ tal n&@sﬁhn@?ﬁﬁpl es 1 to 8, the

respecti v zi nc sal t s apfactgatbri adjpdentcsaid dollawer cssid ractuatbrtineiudingde finst nmwmw\mtactm
Exerrpl es 3 and 4|’; idafhﬂov?er “ P Ss%fd fnlml rst'o§ ﬂkz? [{oﬁaun of BHRf Ma&eﬂwmsﬁhhﬁx pbrﬁon
aci d ‘as devel ope W RRCCor dance Wth R procedure, and

eval uati on was naskstively contttmngmnleibn:entl oned manner . The results of the
performance evaluati pwn i,n.Tabl e .2 Prepar.at i

procedure of dev@ opi 2’3" @‘H@se g |, further earmprising as'@l‘n";‘ﬁ'ﬂ"”'@”r“é’@@ ¥ <afd Retustr, wheren
Each m xt ur gaidvesigratgtion bf saidodctuanot biiggsCeait et putiof ikto/¢dftact With Bsid ﬁam\rebsnd 3ait> $006hd portion-

gri nder to obtain aﬁg %43 ESI on (A): Devel oper
50 g 0 into %Eﬁ' tb&f sul f onated pol ystyrene 2 g Wt er
120 g 3. A mathod of detectmn when an vcckishon-is present in an infufidh SpPUPIAES Naving T2 livary

2, the devel popers which herein were the zinc sal%s of salicylic

acid resi ns‘"Bb a pinghge W@Be"f ﬁ'dlfi'ﬂﬁﬁ I“@% ang a B“S““’FFF@"E’FWE“%‘&F'? gincher. said metnod F"E‘P“s'“ﬂ
acid resins obtained chﬁacmgn;afarfarowmvml pftionsofai athuatér3gl thak Bid fofloWef sqBdezes a
3,5-di([err]-methyl benzylasal icylic acid A di spersion having the
fol I owi ng conpos Pt ik deiverycuher ed by the use of the above dispersion (A).

Di sper si ofg (A) contacting said dsiivery ﬁlbg\‘lﬂ! Ssecond portion of SRt at €d cal ci um
car bonat e 30 0.8

Synt hetic rubber | at ejgetermining a relatwe amouny offotge exerted betweem said second portion of said actua?ur and

77.4 g A juBd- qual ity paper (50 g/nferr]) was coated with this

di spersion so that a dry coatin t mght be 5.0 g/nferr], and then
dried to prepareda deJbt mptherjof ?nmthmnmm gomparing said relative\amounb of foree oith an
t he devel Opbx’gﬁ:t f; for pr essure sensitive record (1)

Measur enent co ensi ty A col or density was neasured at 20C
and a relive humidity of 65%in a constant tenperature constant humdity
chanber . A comercially avail able CB-sheet for blue color [err]

generation (N-40, nmade by Mtsubishi Paper MIIls, Ltd.) coated with

m crocapsul es containing Crystal Violet Lactone (CVL) as a main electron
donating col or fornmer was super- - 43 - posed upon each of the
devel opi ng sheet for pressure sensi- tive record (a CF-sheet) obtained by
t he above procedure so that the coated surfaces of both the sheets m ght
face to each other, and an electronic typewiter was used to apply

\
This Sheet Has BeenR

LT el




pressure to the sheets, thereby generating the color. After t

he
application of the pressure, the sheets were allowed t urs
nder the waywsoaseicum st ances, and a col gr density B “ In
his case, the density of a colored AiMmal'SDV\r(“/zjl::édlrgrgasurgd : $ misesoffrﬁ
ff'err]-80 color_difference neter and iA ente y a Y val ue. e
_""([:ol o]r havi ng tifeCcived Py e, dnternatippal Bureau tan BaNevember Hi%gR 1 97)

(2) Test of water dgiRadlapbaing 1C6I’c‘$’éé°?ﬁ§§’a”?“ claims p1-1ﬁe Zj@aeesnﬁuhn(gl)
sheet col ored by { he Dk ggiRéHsr Rumping fluid fohts HRE Shurcd'tolel WatiddD Qofprigiig? 29T ap

was i mersed in water at 20%’"?0?' "2'.4 ﬂ‘gurs, and oFa;bg '@enﬁﬁ'@ﬁqf the col ored
image  was measured b/ slivery songpit dispesed batwgen sl fi somm:a faidrpatints et Flr to
represent the density + d A [ . .
di fference bet \Aeen_theﬁ\?msgl 'ﬂ%@%ﬁ?’gﬁﬁéﬁ@ﬂ sgl"fjct"'er @b é"dt e@%?@d@sﬁgﬁa’f’gd to
have the excell erﬂ!ﬂﬂmﬂ'@r resistance. Fur_therlrrlore, t he cgl oreg

I mge after the test : S, \visua rve n
the results of the o nsu pet;c?}gﬁlu‘éf?ﬁ %ﬁ‘é’“@%’&%@ﬁ%ﬁ"&“ﬂ”‘ﬁ '%S%Hﬁ'gﬁf cgi,ldm‘?
eval uation is nader dpticallyrsensing en ecthusion upstredss framshid@unpans t hat

- 44 - t he colypred {4 | cl.ent. v di stinguished in the sane
‘ state as before the t_eAs?R gﬁé&@"ﬁ@@n@q %fa?"'ﬁ & éeglmo 'e‘ﬁﬂ’gmi ﬂ@dgmﬁi”s%ppears
- and the col ored iparistaltic pempor e t he t est cannot be distingui shed any nore.

f ab ' s . . . The fest . of. the agbrasion :
(5), T8, o1 2005, on 1 g o T oS GRS 1 <
constant tem ispaounted downstrears from bt Kestha plirfioy of airpomy. . A

made by M t subi ot - Parky i ol fyid s einaC By Gk pliospiapL s
cont ai ni ng Cryst abriodicaliy sense¢ dismansional changés@¥kaid theid wivwgnm:tesﬁnmﬁmﬁanat :c ng

col or former was TP uppn each of the devel opi ng sheet for
pressure sensi - '&H@‘F{'}ew? g'gg?a@&%am%'sheet) obt ai ned by the above procedure
so 15that the cdat ed Asderitecformmpifig fiubitds defined is Bhaimt4s whir@isaidfodehion @nsor €ach

ot her, and they .on each other 5. . tj0oes I.le a | oad of
5 kg/cnjerr] ms“ﬁfo’gﬁ‘% %@%@\B’é?ﬂ%ﬁf'“@ﬂ '\7\@5& d'm%cfé’%mfdl‘f‘@'geﬂ'&ﬁ?“. Wof a degree
of color soil on6the dedesitechoe pumping fluly o8 [definbd ih ClimPN, Whehek ﬁid&‘oedb nﬁr&ﬂ sdevﬁr aeCO_r F |
In this case, th Sj f the.colored i mage on an abraded and soile
[err] portion ﬁg%m?raeg'g%udlf’%y"gay”a““ﬂﬁsoet h eflection densitoneter.

The sheet having7a sl devisectbrmmpiny flukitds efinéin Cloim{B: whereid Qi Scciusid LakeNd t O
f‘i\é? .l ‘["‘g'; Ir ]Cal ly is%&@Ja*iﬁ%thgrsﬁﬁee foEaltioGnsdf said fluid delivery_cm}{ﬁ’it.?S " [err] It is
apparent from th&. resw desiceddr pimfihgefiuid o idefined ifn Claim e whidrérdaid @cchiSiGiesensorl OF

pressure sensiti ¥&SJ’§8%¥'Q“{§QWE€“§Q'@H§ pﬁ% ol yvalent netal salts of the

salicylic acid resin ention are used as the devel opers

are excel - lent8in t Melestedorepympiny finidiak idéfined(iv\Cibin 8, Whesdisdaid DEvbionOdensbi ©
col ored images aﬂgashgsedoﬁpérgﬂ &Eus?o?vé Y srer?s?nlg %I?&gs%dre in said fiuid delivery conduit.
25 10. A device for pumping fluid as defined in Claim 8, wherein said occlusion sensor

senses upstream occlusions by sensing low pressure within said fluid delivery conduit.
11. A device for pumping fiuid as defined in Claim 1, wherein said occlusion sensor
also detects the presence of a bubble in said fiuid delivery conduit.
12 A device for pumping fluid as defined in Claim 1, wherein said occlusion sensor
‘ 30 comprises:
* a plate against which said fluid delfivery conduit rests;

a light source for illuminating, at an angle, the intarface of said plate and said fluid

delfivery conduit; and
a photodetector for sensing the degres of total internal reflection at said interface.
35 13. A device for pumping fluid as defined in Claim 12, wherein said plate is
transparent, and said light source illuminates said interface through said plate,
AMENDED SHEET (AFTicLE 1g) | THIS S1 T e Haillla"ei‘ﬁleﬁi“d
— i



it sar " osuncan < MR MU e on orepart s ecpomiae

reacting salicylic acid or its derivative represented by the forrmula (1)
[err] wher qign X[ £ advibe fan pbmiine Shuid .asadetined inCiaine 1 3) woierein) caid pump includes al ky |

group, an al koxy group or a hal pgen atom _w.th styren L J1s. pyative
represented by the fafirst ppmp sttog)and agsecnn pump ' stage, ancp whar sﬁgﬁcﬁcﬁgmﬁ staﬁsmg‘%kcx

wher ei nX[R[ er]r], dR[)e(:{i“,“]@aqetﬁg@r,g;%fi@fﬁugmpﬁnﬂﬁ%{ﬂppgen a]t(lzml or an al kyl
group; err] an err] are each a hydrogen atom .an a group. ..

- 49 - an al kox¥p. gr odndnfusis P'ﬁ'?"é?'l%‘l""@i’ @l‘f’p‘,"’m&ﬂﬂ"gr’%""’d? gEﬂSg'H'r“ﬁ""smn'
hal ogen gt om keepi Ng { fifid defa lcbridilt dispoRaeEetWddk Saidoihid-sofdfecand 32id patient)i gher
but lower than 40[err]c during the reaction in_ the Eegﬁ'?@r]’ce. . of %’Hl-f riﬁ
acid, and then reacting thesmpaish draws,fluid from. said fuid soyy gh sjd delivery Senpit, 18 s
met al conpound. patiunt'%nd The process for preparing a pol yval ent netal
salt of a salicylic acld resin according to daim1 wherein the reaction,
of salicylic acid or its coptisahsenspefor aegswing the-existanse jgf, bubbles ip Said flyid, delivery W"{]“H
styrene or its deri V@k&ayfh "G the extéilt bEvaiebtion b ht’ o e sidaSbrfdc® ofCsdid lchrith, OUT
in the presence of n rdanl c solvent. 3. The process for
preparint a pol yval et meA device $o[pumping fluid a3, Hefinad|in leim I whereis spid aptieel semseig t o
Claim 2 wherein themﬁ 'ggspi c solvent is a hal ogenated hydrocarbon sol vent.
4. The process for preé)arl'ng a polyvalent netal salt of a salicylic acid
resin according to C ai m dplatg againstowhich/said fiddefvery condwitrestyr ati on of sulfuric
acid is 90% by wei ght or : P . leneVs ' f
salicylic acid resin obt %?‘ﬁggo%? ﬂg dg:rmg?)tg?,aﬁiagﬁndgﬁé%e@gﬁégggﬁdzﬂg§i@#]dtscajﬂafi’uﬂ]
1, 2, 3 or 4. delivefy @onduit; and 6. An aqueous dispersion in which a
pol yval e netal salt of ' ' ' | | i | S
di spersed®in water. a ‘B‘ho?o?l:tﬁcin\( goggeg p&n‘%@%@é&ﬁﬁ&%ﬁgﬁh@ a%f?dy@?g ?acﬁ't
metal salt of a saliZxyliA dadéedfor eumping dleid cas i defindd finn Cl@inalGmwherpin said plate is

transparent, and said light source dluminates said interface through said plate.
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