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- PAPER SURFACE SIZING AGENTS ) - - METHOD OF WUSE AND SURFACE
S| ZED 'PAPER - Fleld of the Invention. .

Thi's ‘i nventi on to 2- oxetanone S|2|ng 5 .. - agents, t
nanufaCture'anafdgghﬁg S|Z|ng paper.. ' QEBBS gﬁan

of the Invention - The annunt of - flne paper ‘produced under
al kal i ne 'cond|t|ons has been increasing rapldly, encour aged by cost -
savings, the ability to use precipitated cal ci um carbonate 10 . (PCO),

an increased demand for |nprovEHPE&p%HRE&QEnﬁiﬁiﬂﬁ ARENTS, bri ght ness,
~and an increased tendency METEOQF AND. SURFACE SIZEDPARER paper

machi ne. - . Current appllcatlons for fine paper require

particular attention to sizing before. copversion or ,end-use, 15 . such
as addi ng' machi ne paper and |nkJeg—%¥$#$gﬂﬁﬁ%€%¥—gﬁr§# ~ speed

phot ocopi es, envel opes armhikodinwehbioninslatisngo 2-oxetaponpusdeipgi nter
paper. ‘Tge grow e§§hé§¥“€ﬁ2“z‘%aﬂhfh@@bfé and use iR IsAL8hg Pﬁﬁe%'so focused

~attention on the’si7Zl renents ror paper intended for thi's
end use 20 . appllcatlon L : - The nobst common si zi ng _
agents .for fine paper nade Bac Jd alfkgheneneemeidn ons are al kenyl .
succi nic anhydride . and_.a et ene _dier (A pes
of ,sizing = agent31H§V€m§ PEACE; %ﬁ#tﬁﬂgq % RECES S FQEF g?&%?éh ly -
25_ ;bonds tocondimdcnsaHhsbeeeandnbydasmmgﬂrapndim.semwauraséd by cost -

sav1ngs, the ability to use precipitated calcium carbonate '
‘10 (pcc), an increased demand for improved paper permanence, and
' brlghtness, and an increased tendency to close the wet-end.
of the. paper machine. '
- Current appllcatlons for fine paper require
particular attention to sizing before conversion or end- use,' N
L.as. - such’ as adding machine paper and inkjet printer paper, hlgh-:;i.
|  speed photocopies, envelopes and forms bond including ' :
computer printer paper.  The growing popularlty of lnkjet
prlnters has also focused attention on the s1z1ng
_ requlrements for paper intended for thlS end use
t'20_ B appllcatlon
L . The most common sizing agents for flne paper made -
under alkallne conditions are alkenyl succinic anhydride
(ASA) and alkyl ketene dimer (AKD). Both types of sizing’
o fagents:have a reactive functional group that covalently
“'25_:_ bonds to cellulose fiber and hydrophobic tails’ that are’
R ‘oriented- away from the fiber. The nature and orientation’ of
; 'these hydrophobic tails cause ‘the fiber to repel water. |
: _ Commercial ASA-based sizing agents may be prepared .
. by the reactlon of maleic anhydride with an olefin o
30 {Cpy-Cpg) - g o | | . o
| ;' o ' Commerc1a1 AKDs, containing one B- lactone ring,
. are prepared by the dlmerliatlon of the. alkyl ketenes made
. from two saturated, stralght cha1n fatty ac1d chlorides; the
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ori ent ed awaytrohtthe fiber.  The nature and orient at|on of t hese
hydrophobic tails cause the fi ber to repel water.

Commerci al ASA- based si'zing agents nay' be prepar ed | -by t.he reaction
of - mal ei ¢ ‘anh th an ol efin. 30 (derr] -Cerr]) o
Commer ci al &6% i ni ng.one [err]-lactone ring, FEVPERTRd by
t he di nmer i zatlon of the alkyl ketenes nade : fromtwo saturat’ed

strai ght-chain fatty i.d chl

/302
2 U206 So 5 nett ey, B MBS s b0 pranazed, SropariRtbARR A o
and/ or. . - stsmedxicdad. OOtberkketerpe diimess, ssudh s ttihe alllkenyﬂ '

based ketene diymr ﬁ&ﬁ%@@ B?ke%ave&g?é fbﬁﬁﬂl%& ?@Q%ﬁﬂgga&ﬁgorporated

W | m ngt on, DeI avvare 0 been commercially.”
Ket ene multi mer¥i Leigigtamhi rP@lﬁMaé'et: hirSehe) | eﬁ‘?‘fe also begmdisgfe ring, have

been di sgl osed @smiseraialy.si zi ng. agents - - for paper |n'Japanes'e '
Kokai 168991/ 89 and 16895{%&89 bo are | corpora?i

herein by reference. The ngerﬁm??%%maﬁ;% P rrprovéd
si zi ng conpar edlaatdiie ring, havteebeaa dmelese;dmousﬂqrnaﬁe@mumn agepksed

as an. i nternal for par%rzs'ﬁte Jd %%egrgaﬁétl' i‘séé‘ﬁ)ﬂ@@eincpbtd%s?dzlﬁa@y boeR of

ket:ene s are prepared froma mxture of. nono-
di carboxyl.i ¢ ac¥ifch @re 1ncorporate hevein by ooof vencs scl’%@eé‘e&le&’ﬁl _
ket ene ‘doner anfultimers 4 gaier toi shuweimp@oﬁedlmﬁ@r&mpa&eﬂamr theed

In-. hlgh : eed nvertln and.re raphi c d 1) h

ket ene mul ti rrerlge'g?’ée 5T SIS r’ré’“F&Xcﬁ ﬁ ‘?h nﬁéﬁef as aI‘ ?m% l’% :
nonocar boxyl i ¢ skFel, ingpimpwdteda inathy paper pwlm; Sturry. &he é@t@@)@yl | c :
aC'd These'“%ﬁiﬁ@ﬁefQQQﬂyEﬁ%p@&%dsﬁrbﬂsaa&lxture of mono- and’

S dlcarboxyllc acids. : N
.?15'_' . EP-Al-0 629 741 dlscloses alkyl ketene dimer . and
R 'multlmer mlxtures as sizing agents in paper used in high"
speed convertlng_and reprographic machines. The alkyl -
“ketene multimers are made from the'reac;ion of a molar
_ excess 6f monocarboxylic acid, typically a fatty acid, with
20 a dicarboxylic acid. These multimer compounds are solids at
25°C,

reprographic operations that is internally sized with an
alkyl or alkehyl ketene dimer and/or multimer sizing agent.
:25"_' . The preferred 2-oxetanone multimers are prepared with’fatty
| " acid to diacid ratios ranging from 1:1 to 3.5:1. '
‘While the sized papers described in _
' EP-A1-0 629 741 and EP-A2-0 666 368 provide superior
_ performance in high speed precision converting and .
. ;.30jf- _ reprographic equlpment, there is still a need for alkaline .
| ' ' paper that also gives excellent print quality in 1nk3et '
pr1nters The performance criteria for 1nk3et prlnter :
' paper, where print quality is paramount, are quite dlfferent
from those for paper 1ntended for hlgh speed prec1s1on

. EP-A2-0 666 368 disdloses_paper for high speed or:a._‘--



25[err}C. o : S EP-A2 0 666 368 di scl oses paper for high speed:
or. - reprographlc operations that is: internally sized with an.
al kyl"or al kenyl ket ene di ner and/or mul ti.mer..sizing agent. 25 = - The’
preferred 2- oxetanone nultiners are prepared. with fatty ' acid to
di acid ratios r&'ﬂg"’ﬁ'&l?rom 1:1 to 3.5: 1., _ Vi PET/PSRS12173 0d
papers described in . - EP-A1-0 629 741 and EP- A2- 0 666 368 provi-de
superior - performance in high speed precision converting and 30
reprographi ¢ equFPREREC1DEEPE FRPEAgHarhd one@PlAGALAPRE) | WaeTe wachinggfged

that also gives gxebnéagtagélatmggﬁﬁlddndgim nkj et ' prlnters The
-perfornance criteria for ?? et_printer i,nt quality

i s paranount, are quite di efprint qualﬁF@hF?%ogzaFBr %%ﬁ%?r RS ended for

hi gh speed prec|gwahuated using the follow1ng criteria: black2line growth,

WO 97/302%5 t 1cally measTred on'a 1-10 scalepgqﬁﬂsﬁéﬁlgﬂﬂEErs
converting or reprograp ¢ a | cati_ons,. where machi ne-fee

probl ens are a n&FBFeEERELRS. PRarrow lines with shazpj & ?g5§|g§ RedTaRLE or
black i nk can. becharacterE§eiuBIanHthmgn;ddmbe&elkapmageﬁtiﬁ@rbfbadtﬂuzﬂy

e 910N © spepl YBRSALY SRR 0, 3007 yhehlpicahocht ubert W S

represent| ng nar OWeFY negs
characteristic) apalhaghdﬁuabeYs aemnaaunﬁ|qﬁgtbﬁoddnsquy(darknessM|qﬁﬂ§ _

usual I'y -gayised by eisRKaWegKbAOhd ﬂmwerfmofﬂ:ogide of pap@Plid ensi ty,

a neasure of the densi ess fest area on the printed,
front S|de of pagggngﬁéy égld w1th)black 1&% and back optfcal densf%y, a

" measure of the amount of ink that penetrates the paper to
the unprlnted. ‘back side of the paper. : ' o
' . The criteria for black ink printing also apply to ;
15 . color ink prlntlng on inkjet printers. In addition, color '.h 3
inkjet printing can be evaluated for color-to-color bleed off7'
adjacently printed colors, typically using a 1-5 scale in
" which low numbers 1nd1cate little or no color to-color bleea:h
or mixing- (de51rable) and high numbers indicated bleedlng of
20 _ adjacently printed colors. The objective of minimal color-
to-color bleed for color inkjet printing requires paper-
quallty characterlstlcs, i.e., ink absorbency and hold-out,
‘that are different from the balance sought for black ink
- printing. o '
25 h - _ Impfovements in inkjet printing quality may
- theoretically be made_by-modifications in the inkjet printer
‘itself or the ink formulation; by modifications in paper
. furnish or papermaklng, and/or by papermaklng additives:
_ _ ' The papermaking industry is .seeking means for improving the:
l.'30 ' . paper used for 1nkjet printing as a result of the lncreased
” demand for 1nkget prlnters in the marketplace. The - - |
_hllncreased popularity of inkjet printers has been coupled h
;;'w1th user- expectatlons_that print quality should be measured
- against the_high performance standards for laser-printers{l'



prlnted solid with black |nk and back optlcal den5|ty, a- nmeasure
of the amount of ink that" penetrates ‘the paper to . = - t he unpri nt ed,
back si'de  of the paper o . : . ‘The criteria for. black ink

printing also to 15 , :color ink printing on inkjet printers. -In
addi tion, colc}gglg'”*n

i nkj et printing can be eval uated for REWVEANTE o or

bl eed of adj acent | y pr|nted col ors, typically using a 1-5 scale |n L

whi ch | ow nunber ¢ |nd|cate little or or-to-col or bl eed.

m xi ng (desi -r'abF:E? BATE Rt h dteed mggahgatgregmkb%fprgmters in t"e
adj acent |y pri nnadketpbace. The ~obj ective.-of mninml color-

t o-col.or bl eed for color ﬁg% r e p. qd ty
characteristics, e., SGr é#é&gégéghﬁﬂ?dé ﬁ?Q&-f%r alk%%%ne QQBE
different from PﬂBeiﬁal eh’e%lmmzer%rausﬂ Séringkmethods that mqtngmlm

| nprovengnt s i npiBkigé Shipéitidyd sEIHIrmANERY in high sémrﬁé&@ﬂm be made
by nodifications in the inkjet printer or the . ink

formulation; by ﬁBH??F%%?l ¥ ﬁﬁﬂﬁﬁphlc equpFﬁ?E|§W|cﬁlﬁﬂnﬁ59%£@eng
and/ or by paper emkehientddptimtesquality in Ihkjpapprﬁmkerqy|pahnmnqlariy

seeking means fop gasegi‘iﬂ‘@eéé‘%%% for Hidek k#ﬁegriz?%:frﬁkl eltheo”x%ts'eﬂg as a

resul t of the incr
mar ket pl ace.  ThBvention satisfiesdhispmeadity of .inkj et prlnters has been

coupled - - - with user. expectations that print quality should be .
measured,. . -—-against the. hlgh erformance standards for l.aser printers, =
3 f*io W0 97/ 30218 = J%m n% ge &nventlon .

- PCT/ US96/.12172 -~ One aspect of the invention is a sizing agent

~which is a 2-oxetanone multimer that is not a solid at &
utemperature of 3s5°C andfthat_is_prepared.from a reaction
. ‘mixture of'fatty acid and dicarbox?lic acid having a molar
15 excess of dicarboxylic acid.. These 2-oxetanone multimers
'  are particularly useful as sizing agents, most particularly
";e=as surface sizing agents for paper (also sometimes called
- external sizing agents). '
. Another aspect of the invention is a method of
20. o p5121ng paper by surface 51zlng paper with a sizing agent
' - that is a 2-oxetanone multlmer that is not a SOlld at a
'pp-temperature of 35°C. _
~ Yet another aspect of the invention is paper
_ surface sized w1th_these 2-oxetanone multimer 5121ng_agents.
25.._.' - The method of this invention for surface sizing
' péper made under alkaline conditions provides levels of
- 8izing in surface sized aikaline-fine paper that give not .
' 6nly excellent'print quality in inkjet'printing end use
'7.;papp11cat10ns but also excellent performance in high speed
ﬁ530" 'p.preclslon convertlng and reprographlc equipment. '
.:'”. As used herein, "percent" or "%" means, with
frespect to components or ingredients of a compound
"i,comp051tlon or mlxture,.the welght of the component or'_



the rmst commnly used h| gh Ietter quallty pr| nters in the _
mar ket pl-ace. - - There i's consequently -a need for alkaline :
fine - ' paper, aI kal i ne sizes and si zi ng nethods that not.only 5 - N
provi de superio rmance in hi gh speed preC| sion - converting and
r epr ogr aphi ¢ 'eq&Y(g%é‘f? 8yut al so provide . excel l ent pri nt’cﬁﬁ’éﬁ’ygn -

I nkjet printers, particularly "~ inkjet printers used for bI ack | nk
printing. The- pr nvention sat Sfl St hi S need. _
Summry of the Inf‘;g?ﬁ?q}r?nt based on. Hle wet gpte%? ‘f‘“%%“é‘q 'n 8m Pgﬁtll%na
sizing agent ~ or mistigte iconkaindngt ahonenhws i orhe rwiste iindicatedsol i d- at
a ~tenperature of 35[err]C and that is prepared froma reaction
mxture of fatty acid and di car box I|c aC|d hayi ng a mol ar. 15 aiCess
of di carboxylic acid. ‘Detailed Deserintic = Treularly -
useful as sizing agents, mTHe lpa'l‘etsleﬁul an{rgsnta.on mchﬂdeeuraf an&mgzaggnag'ehnats
for paper {also s II rga o
Anot her as'éf)ect ofg%ll]irgﬁe\%e IO%gaetanone ﬁ&é&& tﬂl‘% %%’a?ta%?ts&fl E%Jén
sizing paper wittrkssingfeyregetto as 2-oxetanené snalRingetshzdng RgeREner

that is not a sol ékéﬁei%ultlmer sﬁﬁqﬂﬁraﬁgﬁé)OEhQ%ﬂéﬁrjézc is not 3 SOlld
Yet anot her aspec} he mveﬁtjrl on | & gagg surface ;sized with

‘these 2-oxet anone"T‘f’iﬁts'r‘ﬂ‘ie'gtjta::ﬁtz1 gYaGENEES kne, semi-crystalline, m?{"h'dﬁx?éf
this invention fosokidf acee si zin:nglows on heapiang neddehautddread kdl fnsion) ; -

condi ti ongg provi g[gaspéz?vtﬁle%t%fd with a pr | %% iﬁp&aﬁ& c%kngﬂgf_‘ fi ne'._:'_'

paper that gi ve. exce t pri t| ng
end use - R k3 i alsmltw §§de§c@f-tb?@ r’\‘%#md'é’lei ﬁlﬁpghpeperéd

30  preci SI omgg;y@ddmggl@iggr g@gggr aph| Cc eqw prent .
As- used herein, "percent" ct .tag co\r;gonents

or ingredients of a corrpoug'{?re Prn%eraé’a)ﬁ'po‘é??|%n°’6‘?t§ﬁc3£e|’%‘1tt"ﬁ‘8r ?%?“'H?

the conponent or-according to the invention is a liquid at 35°C, more
: 15 ' preferably at 25°C and most preferably at 20°C. (The
" references to "llquld" of course apply to the sizing agent

' per se and not to an emulsmon or other comblnatlon :
' containing the szzlng ‘agent.) ' -
_ : The invention preferably comprlses a.2 oxetanone-'
20 -baSed'mulclmer_51z;ng dgent having irregularities in the
" chemical structure of its pendant hydrophobic constituents;

‘i.e., the chemical structure contains irregularities such as .

-earbon-tbécarbon double bonds or branching in one or more of
B o the hydrocarbon chains. (Conventional. alkyl ketene dimers
25 ' are regular in that’ they have saturated straight- -chain
: ' hydrocarbon chalns) '
- _The surface s121ng agent of thlS 1nventlon 1s:
f'preferably a 2-oxetanone multlmer having the formula {I)

Mo | o | o



-4 VO 97/30218 - o
PCT/ US96/ 12172 ' |ngred|ent based on the wei ght of the conpound,

conposition .- or mxture containing it,- unless otherw se indicated.
Det ai | ed Descri-ption of the Preferred Enbodlnents-' ' ' - The.
present i nvenOHAPHEI udes a sizing agent that 5 conpr i s @ETAISIEI21T2 |
2-'oxet anone-based nul ti.ner si zi ng agent (hereln o also referred to as -

2- oxet anone nultl zi-ng agent or. - tene mul ti 2|ng agent)
that Cat 35 C | sthophiSach e R Lncliges; of e, [reve Ty RASRATABIn

sem - crystal |'i naboot 2@xand more prdﬂe&abnyeabout Ilmmwahnuduaatlﬁgnmmhhout
heat --of fUS'O”)fo}rﬂula (P)ap%hért Galgd g %tlcﬁ é{i@%@?&asﬁz' tthtEe”t

-conpr|5|ng | Zi ng agent, King e Si.zed . .
paper . us‘P?ﬁgt%ﬂ@lhe s¢lzm¢¥g %rgéqqtene dimer.) The sunfmce siafingapyentt he

2- oxet angne mul ki S OfptKion may ad€e0bdi A0miLctie df\vedde@anbiea | i quid

at 35 C, nore efera
20[err] C.- (Them“ltlmgr?é?%q%ﬁ%%gjt§§)I|qué?28?e%%d? l%ﬁufﬁﬁ %$Z|ng
agent - pethss zmmbmmﬁon(nna1pemphxednfoomoatmnxturanafaﬁhmny acid and’

containing the é'&iggrggfg% id acﬁ? in hﬁle rat 18 f MR AN ,PEaf eLakL Y

conpri ses.a 2-oxetanon £ mer S|Z|ng agent havi ng
irregularities Fhstﬁétty acld(ﬂﬂﬂﬁkﬁﬂrb9FV&éFuF@l@f its pendant. hydrophobic

consti tyents; e Mlﬁ&lﬁ'é‘é"@f‘ Q@qLe thﬂééaﬁ&&QﬁUlﬁﬁﬂ‘%ﬂsr pegekbasbly es -
such -as on t - car hon oubI pranchi one,or -more of
t he hydrocarbon 8ﬂ Phe. =T MERI G &) EPE Imﬁ£E%WﬁF 9ﬁé§?4§§ are -
regul ar in thatprafgrabaly sentmiat et svexaght nchfi from about 1 to about 8,
more preferably from greater than about 1 to about 8, amnd
R even more preferably,from about 2 to about 6, and with an
 7'{15 ' ' average_of'about'z to about'4 being'ﬁhe most presently -
o ' preferred. Such mixtures of 2-oxetanone multimers may also |
contain some 2- oxetanone dzmer, i.e., n=0 in formula (1), as-"”
a consequence of the preparation method (descrlbed below)
_ used to make the multimers.
ZD' S 'R and R" are substantially hydrophoblc in nature,
' are acycllc,'are preferably hydrocarbons of at least about 4
carbon atoms in length and may be the same or different. R
and R" are more preferably about . clo‘czo and most preferably
_ about C14-C15 .
25 ~© R and R", which may be the same or different, are
' pteferably 1ndependently,se1ected from the group of straight
(linear) or branched'alkyl or straight (linear) or branched
' alkenyl ‘provided-that at least one of R and R" is not B
- ..~ straight chain (linear)  alkyl. R and R* are more. preferably
.30 . linear alkenyl. Preferably at least 25% by welght of the
o ""IVSizing agent comprises the 2- oxetanone structure in which at
least one of R and R" is not straight chain {(linear) alkyl. .
R and R* are ordlnarlly derived from a monocarboxyllc acid .
_ _ ‘reactant, e g.., fatty ac:d and preferably an unsaturated
'35 °  fatty acid, when the ketene multimer is prepared from



hydrocar bon chai ns) : o The - surface sizing agent of this
|nvent|on is . preferably a.2- oxetanone mul ti mer having the fornul a
(ry- - Jerr] _ : in which nis an integer of at |east.

1, preferably about 20 and nore preferably about 8.
(In'the - jwég.(/%f a (1), when nis 0, such conpound is terme égz_q’ht
oxetanone dimer or ketene diner.). The surface sizing agent 5 of this

i nvention may -al so_be,a nixture of 2-oxetanon | ok 1i“_orr’gfga
(I). The ket eneTRAFEFRRIC %&tw °°mp°neSF with A nvedr#lcgﬁngég Por epar ed
froma m xture oflebatripedchelond - a dicar boxyl ic acid in a nole-

ratio of about 1:1 to aboug: may be alb'i'af:x%h@d aetﬂaightdlccﬁrlaoxyl ec,acid. 10
M xtures of the 2-oxetanone I'timers pref er ab .cont ai o
i soners of such %&PFPFreWEoﬂgg‘EWsmand' €., cye %Fe?%‘?raalﬂvn@ofggu{’g%g or

average nsof frognaheukratedohpdmdarhon and is poefepatlerablydrbearpon cf er
than about 1 to %bOUt agézzuél " o about QELIBLE RESHE! 2y fahOombEOUt 2 to

about 6, and wi't
' ' preferably be selected from about Cy-Cyq and most preferab1y~

from C,- Ca- 1n such cases, R’ is preferably a straight chain
_ _ alkyl. Alternatively, R’ may more preferably be selected
e 10 from about Cj0-Ca and most preferably from about Cpg-Csai
. R’ is preferably branched or alicyclic for the more
| preferred about C,y4-C4p and most preferred about cza-c32
: R’ is ordinarily derlved from a dicarboxylic acid
_ preactant when the ketene multimer is prepared from reaction :
-_15'f_g -of a monoacrd component with a dlac1d component, as .
E _'descrlbed below. _ . _
The 2- oxetanone multimer is preferably a mixture
.of 2-oxetanone multlmers, particularly a mixture of 2-
_ foketanone:multlmers where at least about 25 weight percent
:20_ - more preferably at least about 50 weight percent and most
o :preferably at least about 75 weight percent, of the mixture -
" -is multimers containing hydrocarbon substituents with o
irregularities that may be branched alkyl linear alkenyl or
;-branched alkenyl
25 . . The alkaline sizing agents of the present _
'~ invention, that give improved print quality performance in_ﬂ;t
typical inkjet printing end use appllcatlons, have a
a.reactlve 2- oxetanone group and pendant hydrophobic -
R .-hydrocarbon tails.. In that respect, they resemble
.30  traditional AKD- based sizing agents, but unlike the

- saturated straight chains in the fatty acids used to prepare .. -

“conventional sol:.d alkyl ketene dimer or multimer based |
- sizing. agents, ‘the hydrocarbon chain in one or both of the3:
| fatty acid chlorides used to. prepare this class of sizing
.35 . agents contain _1_rregular1t1e_s_1n the cheml;:al_ structure of '



15 - average of about 2 to about 4 being the nost presently"

preferred. Such mixtures of 2-oxetanone multiners may al so . contaln
some 2- oxetanone dimer, i.e., n=o in fornula (I) as - a consequence
of the preparation net hod (described bel ow) - used to nmake the

mul timers. 20 WO9730218 ~ Rand R' are substantlally hydr @emalshe1z1T2
nature, - -.are acyCIic are preferably hydrocarbons of at |east about
4 ~carbon atons_in length and may be the sanme or different. R
and R' " are nor'dhrRandaat Wébfeeer)e?rercﬂ}anqs@r SPCBnaSB3FrbPR ehRrGaANEen

about- C[eﬁr] Cidwﬂﬂleiﬂbnds and chaln brdhcdiisigR’ PhikCBontle beridiulsann ies

G e e o o Bl S0 TS, P WA 2P o

~branched not| sadriyd,, amﬁoprdédrab&u axte ldgmtidonatobr Rreand ¥on s not
strai ghtgchai n §l4 turd Kyl e socre nore preferably 30 '
| i near alkenyl referably at Veast Zg%bby wei ght of the si zin

agent conprises the 2- oxé?ﬁh3n8x§F?%R%QHW¥¥94mﬁW| gHrapce sizing agants,
"R and R is nottisis airghintdla Mag! béeséﬁms?d Iﬁtlom mixturesFofind fAttf @acid

di 'y d f boxy! i fatt:
aci d and pr ef eriBhyA SLATREIAEcaLs | PrieRred srpmplRRE ARy Astidne a“_y

multiner is pre;gnlnﬂdrainlc (octadecenoic), linoleic (octadecadiencig:),

VO 97/39318 palmitoleic (hexadecen?ﬁc), l1nolen1cpqgéE§§@é§é¥£§£01c)
reaction.of- a npnoaci d conponent w t i acl onent

a
descri bed: bel owtSostearic and mixturegs of 3Fhﬁ§eaaﬁﬂzg€h85her f%%ﬁ%ﬂﬂc%ﬂﬁaln
ite.,. . |Preferred ciimmeyeliallyiawailablel fategntaids ngre sednak®-ad or-

Pamak®-131 or Pamolyn® 380 liquid fatty acids (fatty acid
B mixturés‘available_from Hercules Incorporated, WilmingtonL
;f15°1'; Delaware, U.S. A.} and comprising primarily oleic acid and _
e 1inoleic'acid . Other exemplary fatty acids that may be usedfe -
are the follow1ng unsaturated fatty acids: dodecenoic,
tetradecenoic (myristoleic), octadecadiencic (linolelaidic),
_ eicosenoic (gadoleic),; eicosatetraenoic (araehidonic),_cis-
20 13 docosenoic (erucic), trans 13-docosencic (brassidic), and
- | docosapentaenoic (clupanodonlc) acids and mixtures of such
fatty acids. _ '
More preferably, the 2 ‘oxetanone multimer. 5121ng
- agent made from the foregoing types of fatty acids, i.e. ,
.~25-'], "contalnlng_;rregularltles_such as unsaturation or branch1ng,
| ~ is at least 25% of the sizing agent, more preferably at
least about 50% and most preferably at least about 70%. _
_ Dicarboxylic acids that may be used to form the 2-.
oxetanone multimers of this invention include azelaic acid,
30 -~ sebacic acid and dodecanedioic acid, all of which are | B
' “"'preferred mlxtures of dlcarboxyllc acids may also be used. -
'~ Dicarboxylic acids made by_the dimerization of unsaturated -
. .(monocarboxylic)'fatty acids may also be used where the-
- Tesultant dlcarboxyllc acid is preferably a C24-C44
.35e'-_' dlcarboxyllc acid, and more preferably a c32-c35



'.'5 unsat ur at ed hydr ocar bon and i's preferably a hydrocar bon of

from-about 1 to about 40 .carbon atoms.- R ney nore preferably be
sel ected from about ‘C2-C12 and. nost preferably c f‘rom-C:['err]-C['_err]';
in-such cases, ‘E) Jﬂﬁnﬁl’ eferably a st ra| ght chain - - al kylpeTusesnzin
Al ternatively, may more preferably be selected 10 - from about
Cerr]-Clerr] and nost preferably from about C28-C32; - R-is

preferably branchgd 9%e g E&%éfdforn{ @etmegons whererxrre‘emcaarbahyﬂmc
C20- C40 and nost preferr about

parily
derived from a didCdfpdRyPi Ea“élEYda“”"i8 dlmerre&BFaRYa R %@tﬂe%ggﬁrfglhtl mer
is prepared fromgtﬂ&e:tuae b5 such fdtty mdadnmecanm@ﬂb%ecsnt& &hgcid

conponent, £ ltant 2-chtahob¥Cmleffer
mul timer is pr ef e‘r‘-’atﬁ%‘/‘qg%%&?s?%ggé% in mhezirgigt anone mul tiners, - )
parti cul ar$y a nisdaing ggent. - oxetanone mnul ti nmers where at | east

about 25 wei ght percent, ZQ-he ket &8¢ emidt8heirabbf Bhis ehstershiont ey wei ght |
percent and nost - erab at |.east { Lcert, of
the mixture defllf@dnfﬂyt FI?Sr §‘°£%’ﬁt’%ﬂtrﬁ°n fh?ﬁ?ggarglﬁé&@?%%eﬁp s with
irregularities t fmicafmpndyall&r antHecompdndnt hisedatoapkepdre dihe ketene

branched. al kenyl .. 28 ; ners .  The lengdfiflKal 'tl%ﬁeshéwﬂmélﬁeﬂfg&fert hg.e.,
pr-esent o 'nvent 1 on, hat el V% I nmpr oveg

pri nt ual ity p rgc régnceof
typical ibRjet prike |‘m}1@ﬂd’fu§e1§pbh?—cféﬁ"éﬂ4§ nRked gbove, 1s
2- oxet anone. group:;z@éldndl%&d%ttlbydwﬁﬂ@@ acid to dlbydboxxalimractnai lused ko

t hat respect, thei/ res e.gneg " traditional AKD-based sizing agents, .
but unI|kethe o L 518 Straight chai ns |nthefatty aci ds usedto
prepare . conventi ona&uchoketent kyul tidaexnse agenerdbrarily | hrdtirpdsy of

sizi ng agents, thﬁet@ﬁg(Hﬁfgﬁmer%hahﬂthndeE%fEhtthﬁlﬁfléﬁ@ths, some fiaitiene
~acid-chlori des used to prepare %‘gl s.class of %e mlgcture, as RIEYGh&ONt ain.
|rregularﬂ§|es i nAHRRX MBI TR r BERSPRE G ©
7 prev1ously, although such ketene dimer is unnecessary in the
| | - ."'present invention. The 2-oxetanone multimers of this
N invention are preferably mixtures cohtaining_n averaging.
_ dfrom about 1 tolabout.a, more preferably from greater than
20 ~about 1 to about 8, and eﬁen.more preferably from about 2 to
'about 6, and with an average n of about 2 to about 4 being
the most presently preferred. The average value for n for a
fmlxture of 2-oxetanone multlmers may be calculated from :
- molecular welghts determined- by size exc1u51on
25 chromatography, also called gel permeation chromatography,
R technique well known to those skilled in the art. 2-
:Oxetanone'multimers having a specific n value, e.g., n=3,
. may be recovered or isolated from the ketene multlmer
_ - mixtures by conventlonal separation techniques. .
30 '. : ' The mole ratio of the fatty acid component to the
. " dicarboxylic acid component in the reaction mixture of such
. “components. ﬁsed to'form'the'multimers is preferably'from
.e,about 1:1 to about 1:5, more preferably from about 1:1 to
. about 1:4 and most preferably from about 1:1 to about 1:3.
Ifj355""rMore preferably, the mole ratlo of fatty ac1d component. to
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t he pendant - hydrocarbon chalns such as carbon t o- car bon - .doubl e
bonds and .chai n-branching. Due to the irregularities . = _ in the "
pendant hydr ocarbon chai ns, these sizi ng agents are - - not solid, and
pref er abl y_-.ar-g'q%’ﬁﬁﬁlﬂ, at or near room -5 -  tenperature, PCEUSO6HBWat
25[err] C The 2-oxetanone mul tinmer surface sizing agents.

f . this d f f fatt
gnd a di car bo;ﬁ’; crfl"v 1cPf"‘éf"gr F%ﬁ‘r’gg%%lr%mfm* ; "3"5} z‘c?’5°gldgs dn a& el ude
ol ei ¢ (oct aplece:rﬁnldl)acﬂd: ridiieacbéryl ideaaiil exmirpiundl0 as comparhdt‘oi‘él che
(hexadecenoi c) ’mcldda@&?ﬁor&a&gg Qg fﬁft éé&p‘%&éﬁt Preferrleaoéicﬁﬂﬁlésaéh%

m xtures of these an Pref errE cormgrmally_ '
avai | abl e f at t 2 J¥efangne m&%kwers]pqepared frompgaEErE] O 3HamR .

Parol yn[grr] 38hd Iditachgaeueeeees&éata:yem:ﬂcd ac:Ld, sebatituaesdavai | abl e

from Hercul es | to '
conprising pri n‘g'?‘% °&°a8Fa ﬂg ml*tures 1S f‘gw%é’gé‘g méﬁ }aexenpq ary - -
fatty acids thaﬂram;ah@extueed to aboutat et timndagidwiondiasddt urated fatty :
‘acids: dodecenoic, por LELMade gg@ége (g@lﬂ,@t Qgeinek, £BEt BRECREH-ENOI C

(l'inolelaidic), ei_cosenol ¢ (gadol ei ¢), €l cq@gsatetraenqic
(arachi donic) , 'praferxpd alkaiingofBenBrReY erths @ole rakio18f doheskaldi
(brassi gdc), angkid compon@@€OIMPABABELAPI Eo (EheipRivetoixy) iackdsd ancmpindnr es

of ~such = att aC|d . ef ecably, .the .
2- oxet-anone rrul % 7 &referably abo‘tlt [ tjf\43 O%ﬁeflf'(%r’eg%l ng types of

fatty acids, eref@tably. thenmal ai ngti@reglﬂ’%ﬁ ithats pygvAdas andala¥ ation
or ‘branching, - excess dfS tile 'd%@%&-bgéiy’ﬁ?é AE£d Sc'.'o’nlgﬂﬂxe@ﬂeﬂb £BDEBowE ef &5 abl y.

o . “least about 50% gnd refera st a out 70%-,
D| carboxyl i ¢ acTeROAHA ‘1?&)5315‘&1 sed BefBWf‘??%’éba]?' R ndl o%@?h‘ﬁo’h%
mul ti mens of thalsounves. |sonr.o| abbudelazel ahd mostd pﬁ(ferablysebant clazid and.

dodecanedi- OIC' are - - -preferred; mxtures of ..
dicarboxylic amd‘gorray a ég%e i,

di meri zati on of ‘unsatur atTé’(Fse S“rfaCFnﬁhﬁbﬁﬁ?b%ﬁ&ﬂq%)mafyaPFyP§8Pﬂ§e al so
be used mhere t own procedures, see, e.g., EP-A2-666,363, Japanese Kokai

168991/89 and Japanese Kokal 168992/89, the disclosures of
20 which are incorporated herein by reference. In the first
| _"step, acid chlorides from a mlxture of fatty acid and
-_adlcarboxyllc acid are formed, using phosphorous trlchlorlde
. or another conventional chlorination agent. 1In an '
alternative procedure, the acid chlorides may be prepared
25 ~ separately or sequentially from the fatty acid component and
' ' '.lthe dicarboxylic acid component.. The acid chlorides in the
”-.reactlon mixture are then dehydrochlorlnated in the presence .
of triethylamine or another ‘'suitable base, to form the 2-
oxetanone multlmer mlxture Stable emu1510ns of these
30 -~ surface s1zlng agents can be prepared in the same way as
R 1standard AKD emu151ons _ _ ‘
' ' The surface 5121ng agents of this 1nvent10n are
b employed as aqueous emulsions thereof which are generally
_ 'prepared with the aid of emu151fy1ng agents such as catlonlc
35o27}"or ordlnary starches, carboxymethylcellulose, natural gums,'

- 10 -

used. . . Dicarboxylic acids made by the



_resultant di carboxylic acid is preferably a- C[err] Cerr] 35
dlcarboxyllc acid, and nore preferably a C[err] -Cl err]

-8- - v{97/30218

PCT/ U896/ 12172 di car’ boxyl i ¢ acid. I n-situations where the

di car boxylic - WOIMMEB i < 4 fatty acid diner | t he branchi ng SHI{PB%WW
cyclic- structure of such fatty acid diners contributes to the

ggreﬁ?ul arities pl’g%i‘i'ﬁr:.nl Ne héﬁﬁﬁfét#;é%ex?s Wb@,?%ﬁnpyﬁéml 5a1l of‘ %':.BH

: ners o I'S |nvent|onmaq\$,
defined by the ndie&Ver a6 BreFefai Yy aRikPidSmonRbat Preferred emplsitydpg i c
aci d conponent use@ntoipr apaatidhic keifeh or a catibhidessardinaddrivgitivel a

ket ene nmul ti mer £ | f.armul a not ed
above, 'is a func&llhgn%gﬁlglfymg ?%%mh%l ar);] °§t\é SHg%ﬂaﬁ?y@%éc&ﬁq l

di car boxyl5 c aci swrfedtapts, and therpreferned sumfactant is sodlum Such
ketene nultimers j3r o%hiteﬁété ansaxmﬁﬂig gxamplesk@f%éwléum&an%t h

different. chain |le %;[ somne etene 1 may al so be present .
the mixture, as i/ @¥&Joptionall Sﬁ)r‘éﬁﬁﬁ?&ﬁ yithy Fhsuaﬂu%%W%a A ner i s
unnecessary i n.t B&aclude polpbﬁ?eﬂhyléh@m.am suttfiaclanxet sucineasrul ti mers of

this . .1l nventi.on_ar [ nt ai fi ragi e a4
from about 1 to HeayERyRtRReisChomycil MM BT A RRIRLA0 Jlhps o}
t o -about B and é:mqmseprppgqutw ipoiolaurate anghout 6, and..

with an average holyoajashylehd SAMedL taa_le@sae laurate! he MOSt present|y
preferred. The averageé va?' x%ace of 2-oxetanone

mul tinmers may be cal cul at eﬁq??ﬂﬁ? Lulfdichs of tne sur
employed since it is deSLrable for the sizing agents to be

e sizing agent are

_ '*ﬁunlformly dlspersed throughout the agueous medium in ‘order
.15 : - . to obtaln good 51z1ng results. The'aqueous emulsion of .
_VSurface sizing agent is generally in the form of minute
-~ particles of surface sizing agent, each surrounded by a
'_stabilizing coating_or layer of emulsifying agent, e.g.,
_ cationic starch. . The-aqueous emulsion containing the.
dZQ_ .+ surface 5121ng agent may be prepared by the follow1ng
K procedure . The emuls;fler is typically first dispersed in
'water, along with the optional surfactant if used, and the
surface sizing agent is then 1ntroduced with v1gorous
- agitation. The presence of the emulsifying agent generally '
25 '~ makes high speed agitation or mechanical homogenizers
. unnecessary for creation of a stable aqueous emulsion.
-The amount of surface sizing agent employed in the
: aqueous ‘emulsion may vary over wide ranges, e.g., from about
_ .'.0 1% to about 50% by welghtL with at least about 5% by
30 gf.r-welght being preferred ' The emulsifying. agent in the
' “'i-ufaqueous emulsion is ‘generally. employed in a weight ratio to
_ the 51z1ng agent of about 1:40. to about 4: 1, preferably £rom
© about'1:8 to about 1:1. ' |
) B o -~ The invention also. comprlses paper made under ac1d
35"  or alkallne papermaklng condltlons, preferably the latter,

.'_11-



mol ecul ar wei ghts determ ned by.size exclusion 25 chromat ography, also -
cal'l.ed gel  perneation chronat ography a .. technique well- known to - :
t hose skllled_ln the art. - 2- . ~ Oxetanone nul tinmers having a: specific. -
n value, e.g., n=3, - . - may be reecovered or isolated fromthe ketene '
Sl ti mer ' Wom“itﬂures by conventional separation techni qlrgg‘lusg@mn

. The nole ratio of the fatty -acid corrponent to the 3 - di.carboxylic aci d N

conponent in the reactjon mxture,o onent s rm
“the nultiners ¥ r%?’é#aoﬁﬁ flfzr“tlém"”'tIl eRe" 'kﬁ?iﬂtafc’fetgg §u‘f‘u![€|§g m)rlezfl?l
preferably fronagénul thdt tis, with a héveme hulthimermsszipgeégenbl y from

-about "1:1'to ab f le ratio of fatt
acid conponent ?&t&il%.ngoﬁthe 2- oyg'{:gn&[lg ﬁlrf'cg:l:%naquzyrm_ 9- | .y_ WO

97/ 30218 - Preferably the inventigu-fugtdgr)sepprises
di car boxygl i c acaﬂkapm@rpéﬁer &r&'&elﬁhbﬁff@é@\ﬂﬂ!@:ﬂlw&xheshe 2-oxetpdnalieaci d

(dicar boxyli c CI d é]?gound) as comg ggng\gl'méo "’Lh )%&Vgntlggngﬁg gorgéaafrfsya

aci d) conponent one mu
prepared. from nwataresohibmrﬁaic[zgan]xclsals of an aidtadllamﬁdslsepmi@mhﬁh}’om

azel ai ¢ acid, sghasi cagcidhy as alua gﬁgcqpﬁ t%(a\@aqEJ-m“XEﬂfSéné{@reof. o

having nole ratios of- out 1:4 nonoacid to
di aci d. . (PCC). Howeypr . ddeaPapaFf ‘afze"-l's’iszllﬁ’@e&ﬁéﬁf‘swo?‘ PheeT %
preferraqd. al kal mggefwﬂgh@@@macﬁ he nole ratio of the fatty 10 acid

conponent (ronoaci'd) to t e di ca%box A éedacallrgegormq:?ﬁgt 1flventhon(;9%§lcgéd) ' ' s

preferably about 1:1 to a pr et érab e ratio
i s one that proanﬁeﬁlaenpamr grade thegcerdingrilie r@@élrﬁéx?wén%m Such

fﬁgpggfgtrgf EOPQBQEtlﬁclédes cont infiBl82¢bFNS bSHAPper, MobByPpaEEE ADI Y,
| S
. :envelope-making paper, offset prlntlng paper, inkjet :

'115"’.--lpr1nt1ng paper, as well as prec151on converted’ products,
| ":such as envelopes and ‘adding machine paper.
The surface sizing agent and method of this
~invention may also be employed with any other types of
~ paper, including paper made under acid or alkaline’

20 _ ;'papermaklng conditions and 1nclud1ng without llmltatlon
newsprint, paperboard such as liquid packaging paperboard,
recycled liner paperboard, for example, and molded paper

. end-use applications that require,sizihg, and other paper
products. Such applications include.gluing'with water-based"

25 . adhe51ves; inkjet printing and offset printing. i

| “The present invention also relates to a method of
sizing paper by surface sizing paper with the 2- oxetauone _
‘multimer slzlng agents of the invention. ' '

The surface 5121ng agents of this 1nventlon are
'_301' - applled via known surface 5121ng {also called external
| .SlZIng) procedures being applled externally to the preformed--
' paper.  Surface s;zlng ordinarily involves addition of the
 sizing agent at a size press on.a paper machine, where the-
_ ' sizing agent is applled to or metered onto the. surface of
,35"-_:-the paper. Alternatlvely, surface_51zlng may be_carrled out

-2 -



15 . 7. about 1: 1 5 to about 1 4, and rmst pr-ef erabl y about 1:2

rmonoaci-d to diacid. _ - - These surface sizing agents may be
prepared by @ . - knovvn procedures see, e.g.,. EP- A2- 666, 363, Japanese
Kokai - 168991/ 89 and Japanese Koka| 168992/ 89, the disclosures of 20 _
whi ch are mcor‘b‘d?’&?"élﬁ herein by reference. In the first ~ PCTUSS{YIAY

acid chlorides froma mixture of fatty acid and di car boxylic acid

are forned, using ph horous trichloride C tloqng _
chlorination ageﬁl’ ‘Sﬁi n of the SHERD AT Srtoggldurggﬁ{zﬁera%y chlari des
may be prepared 8prayingseparat ethenrcmth%ﬂmq'tﬁém tﬁ]éef%‘ﬁ@ﬁ‘%fmsd-ze .
conponent and a a8t b IR HempeFhEuDEs cusiiticpr i des™ - -
in the . _ rgag?rohg%%%quéﬁﬁen dehydr ochl ori nat ed in the presence -
of triet hyl am. nekapwandryitg digchabAEeBase, to formthe 2- . oxet anone
mul timer @ixture. - Stabl e fyailfirgaseobithepeagiht of thisf aneestmgismgents:

can be prepared in the s andar. e :

The surface 'si zi Rﬁegﬁﬁlf’gyo‘?fgavalrﬁeg tﬁvg)ﬁfl%lhr% < %fd péﬁgr HH%' % afsacaequeous

emul si ons t her eokiwedchnaar aenmtabfyat least qmceﬁaroedoﬂﬁt Hti‘heb%ﬁiftiﬂ o :

enmul si fying. agenkﬁﬁsqugﬁé SEH%HH1H%33§12ed péﬁef”(“PHEEf shiafabessized with
0S

car boxyrret hyI cel | nat ur a
L 10 - the zvewgpa@@gigmltlmer 5121ng agent of this invention

PCT/ US96/142172 preferaBHzal&asl £xeai mbBuE Pod §2E e ortopabpukngl 5l ewholmoxzs | |
of which . serv rotectiv Il.o g9 @gyl§ﬁémcp_.g; '
agent is a-cati OFF(? P@ om zatougnlbcbg%ar c%r%eglb\%’faﬁl \E/)e i
emJI si fy| ng agenps'etf&yrabibw oamuty b@lusedahpeth 0.1 wt% sizing agent present

on the dry. sxzed paper, based on the welght of the dry
, surface sized paper. _ - _
'-:lel-th_ ... ‘Water or- any adueous solutlon of srze press '
S dladdltlve may be used in combination with the sizing agent of
this invention, when added at the size press. Addition.

levels of staxch in the size press may range from 0 to about

100 kg/mtonne of dry ‘sized paper. Size press starches
20 - suitable for use with the sizing agent of this 1nventlon
o include ethylated starch, oxidized starch, ammonium
persulfate converted starch, enzyme converted starch

cationic starch and the like. _ _ R
o The ‘addition of the 2-oxetanone multimer sizing =
' 25 o agent of thls lnventlon at the size press or via other means
for surface 51z1ng of paper provides satisfactory sizing
pexrformance w1thout the need for an internal sizing agent. o
However,_1nternal s;zxng agents may be used if de51red _In:_ff“
_ the event that an internal sizing agent is employed the
30 . . internal size addition level for paper of this invention is |
" preferably at least about 0.05 kg/mtonne (0.005 wt%), more’

ﬁdpreferably at. 1east about 0.25 kg/mtonne {0.025 wt%) and j-ﬂ”f;);p
~ most preferably at least about 0.5 kg/mtonne (0.05 wt%), all

_ . based on the weight of the dry sized paper The internal - |
'[35 L 81zlng agent may be any conventlonal paper 5121ng agent and_v

-'13 -



5 - surfact ants “and. t he p"ref'err:'ed surf'act ant is sodium

I'i ghosul f onate. Non- limting exanpl.es of. other surfactants - - ‘.that are L

optional |y - useable with the emulsifying agent = - include o
pol yoxyet hyl ene-based surfactants such as S pol.yoxyet hyl ene sorbltan
triol eate, .poMIXAIMy - ene sorbjitol 10 - hexaol eate, pol yorgemsydaee

sor bi t ol Taurate and -~ polyoxyethylene sor bi tol oleate | aurate. -

Aqueous emul si ons of the surface sizing agent are oned since it

i s desirabl e f@reffrradiimfespent sizindhagents lncmﬂq:oalmyl d¢e§|@éxes mer,

throughout the LOMEO0 UG HEHE H\ﬁ‘l't@mgfdedfl)é@ryl ketéﬁeomaéfl GO0k S/ 1Z ikt ene
results. The aqueous emul face SIZI g‘sgent 1S generally

in the form of mer, al Yl 53FF+¥%%¥§QHVd§&gFaC% keny € each
surrounded by eanhydride,straisiihi andgnixairesgofdr thayer ofn emid:s::fqn ng:lmgent

i nce &1 21 ng TGN S 2glhE IR SHBTHY S0 0L CRBAIDY Hbdd Trilly

surface Sizing agent roce
The emul si fier m%#ﬁ%ﬂ%(RﬂIQF ﬁpﬁétc@m@&ﬁﬂQ§§danﬁ may ln01WQﬂe#Cl Fdmwi th
t he opti onal swiacd FupdA, used, and the - surface sizing agent is

t hen introduced wth vigaqr I tation resence of the. .

enul'si fyi ng agent gener alftif %?ggh thMég‘%Pgﬁngp@‘égth'Eﬁ%ﬁ%rﬂblﬁ mechani cal

~ honpgeni zers :.nvent:wmearmmeyerabl}craailbgedoasassrﬁmd:ee sa:cme@sagmnjdsr on.

The anoygt -of I I L
€ anbygt -of Sty e)?cﬁfa 'azls'ogpigﬁg{edeé@ %*%(f‘n'aﬂ Ebgln% ?%;ntsa;%ﬁo?%g%?’ si on

may vary over W rarnges rom about

wei ght, with at |east about 5@6by 30 wei ght being preferred. . The
emul si Lyl ng agent in the Theh mvenaﬂéremlembsroendeecﬁﬂ%m a,}mgl eigfedeadei N
a weight ratio to the sizin ent o t 40 t.0 about 4:1,
preferably front® the following)s @e?gf%é;MHPnI mltlng examples ‘The

i nvention al'so conpri ses paper made ‘under aC|d 35 .or alkallne

papernak|ng condltlons preferab@&ﬁ@&gmggggfrProcedurea

11 '
S The 2-oxetanone sizing agents, including the _

- 15 - multlmers, were prepared by methods used conventlonally to
prepare_commerc1al alkyl ketene dimers (AKDs); i.e, acid
chlorides from a mixture of fatty acid and dicarboxylic acid

. were formed, using a conventional chlorination agent, and |
. ‘the acid chlorldes were dehydrochlorinated in the presence
S20 of a suitable base.

| ﬁ _ ' A general proceoure for preparatlon of a 2-
oxetanone product on a laboratory scale from a ' _
monocarboxylic fatty acid and_a dicarboxylic acid, such asl~'f

- azelaic acid or a fatty acid dimer acid, is as follows. The

25 mole ratio of- monocarboxyllc fatty acid component to o

B dicarboxylic acid component is selected dependrng on whether

a predomlnance of ketene dimer or a predominance of ketene

 multimer is desired. For ketene multlmers with an average n
_ _ "of from about 1 to. 6 a preferred mole ratio of S 3
. 3Qf}fir'monocarboxy11c fatty acrd to dlcarboxyllc acid is from about"'” -
L "11t014 R o . R

_ ' The fatty acrd component is 1ntroduced to a
stlrred reactor, blanketed w1th nltrogen,-and heated to

- 14 -



V\D 97/ 30218 . L B - PCT/ US96/ 12172 and
'surface sized with the 2- oxet anone- based nul ti mer sizing . agent, that
is, with a ketene" rrultlrrer ‘si zi ng agent - . -containi ng- the 2-oxetanone .. .. -
functional i ty "~ Preferably the invention fur pEfUsSRIRR ses
5 .. _alkali n(gmp%tﬁgtmt hat is surface treated with the 2- oxet anone o
based si zi ng agent according to the invention and contains a . vvater

sol ubl e i nor gani t an -al_k 5 1 oorae_t(ar@b,l-,usonenc, ifafl liqsidel |
as alum and pr ec?’ﬁ?a%t'ieééjccal éﬁ‘umaégtg% & N

. (P \Y; t r
of this inventiohsvaddedfdigreasdyigo the ’ﬁﬁﬁ'%t &[%CFHE% gtial hor pape
The surface sizeg QéPfdi of s tdeided- §‘t8&ﬁa1>1v nElthetirring, ahy £PEB i)a!pb?Fture :

grade that ordinaril uires si 2| n Ehikegkddes then
cont i nuous f or ms©h ohé ‘g% COMRSRFT5S TP%%O comﬁ’ve ope- aki nggpaper

of f set pristing pamer;.nanéfd et hﬁtemperptum iofy ahaver | Gsag OE] preci si on
converted product B‘bgssﬂP Qﬁ}%gla?vegpp&sam & rrw,ulasn&bnnefpaberPCl?,
e

The suiface -si zi R nver&trleon ¥egl so be
‘enpl oyed wi-th anyhéphenatmsaﬁfnt over 15n3Jpinytes Rf K§ Saper rrade under -
acid or al kaline a%@tlnon BEPeRSTAIINg eRadehl @mmisnated ma@tqt;Gpngpﬁptiheﬁtls |

linitat = t
p;?ergo;(rjg o stlr'rg EIPgdélilI%v ttl%%raﬁ!bggfﬁuﬁ?téé A b@fé‘hk%.c.lllBGed to

exanpl e, I
paper: . 10 .  endetsdeappPhospharaus ﬁ&-‘tldﬁeabﬁef%?“iﬁr"g Mrﬁﬁ’t‘ ED ghe

products. — Such MAIIAALL 98] LG Gl BYaTaed SEdwrtitmsert t2h of the

adhesi ves, i nkjet printing and offset pri Etl ngactant is removed meEhehe

present i nvent i OrFeAcEOTr éPQt Ege’t‘oe’%("er?ét kG 30f si-zi ng paper by
surface sizing paggictWonhpib&udt dx;eteanwme'atlon unden| 3¢ S| zi ng agents of
the invention. - " Conf irmatior f@c c§aZngof.g§é§ salfa‘ ftdrmed in the
i nvention are 30 appli 84V & Known surface si n%rﬁ q(ﬂed '
external - - whaditign pr@é@éﬁr@%&}’néhéﬁpPFEBe yei ah
pr ef of rred " rapaly bySinkageedi CIR)g deltdlrmanatyonmi)ltm Rsmﬁetgcﬁn°§f a
t he .-'-_."SIZIn ent. gt a size pr.ess ooMwd e .t hegr

nt "1 o AATARF R 5L B H S g AESeEBnlE oy e

sizing agent -is a
T 'determination techniques and apparatus are well known and
, " are commercially available from several sources.
20 y Dehydrochlorination of the acid chlorides: to form
| the desired 2-oxetanone product is carried out in a reactor
blanketed with nitrogen. About 1 part (by weight) |
trlethylamlne base, typically representing a 5% molar excese '
Lof trlethylamlne, is added to about 2-7 parts (by weight)
h:25 | ."1,2-dichloropropane solvent in the reactor with stlrrlng,-
. | and ‘both are heated to a temperature of about 30-40°C..
- About 1-3 parts of acid chloride reactlon product in aboue
B one-half of that amount of 1,2- d1chloropropane is added
- gradually to the reactor w1th stirring over about 40
130 - minutes, while maintaining a temperature of about 40- 45°C. o
| .Tt Approximately two hours after the start of the addltlon Qf_-' g
:3:the acid chloride reaction product, completion of the |
R :dehydrochlorlnatlon reaction is confirmed with IR, and if - Co
'the characterlstlc ac1d chlorlde absorbance is detected at -

- 15 -



35 t-he'p'aper'."_. AIternatrver, surface Si Zi ng rray be carried out
-12- . WD 97/ 30218 :

PCT/U896/12172 S by addi tion of the srzrng agent at the calender . _
~stack, or- by wosmoiﬁr ayi ng, .or ‘by other coating techniques. ﬁrljnace o
si zed paper 1s typically dried at el evated terrperatures T&A % -
known dryrng technrques 5. "~ The surface sizing agent of this

invention is 1gg0 cmmef iy oARD tepemyimﬁéﬂrref%@famrasoel ng
surface sized in an anount of [‘'east about” 0. 0025 wt % ,. based on

the weight of - PRESEFITEI R FIRIES tpgpgehg@re%%ogr%@%ﬁeactmn the
2- oxet anone rrultr nNer si 2ipgh agapletiohhos: tmedréhyadlrd&lonna:trﬁrerabl y has -
from about O. 002 t e; from about
0.005 wt % to abo ".’\%o/% \%%b%&&l%{,"%{&tﬂ}?é i ?l acg la%%%vebl to about
0.1 W %5si zi ngbagmtluyr dewipthylamine bydreeh :y1@¢ enfmp@rm%MW t he

vei ght of the dpy dehydrocﬁﬁﬂﬂﬁﬂailghzQQaE@ﬂsﬁ Jéhbsequently, the ijLer or_'r;

any .aqueous solut size pr be ‘used

aonbr et on v BRCRRGrrmohae Betvept is evaporated WA NAE et ided at
t he size pressaddzédﬂomabrtrlethylamhﬁeehgdncﬁclslarmerslalthee thane press may
range fromO t / 13,0 BE?ﬁF I ze press
starches 20 Brgpg$§t%ﬁe are r%%%v%?tﬁ§tﬁ§ft9£tgéﬁ %Ei 'S fﬁbentron

i ncl udé-%t hyI apPEadyehrih 2 d‘)ér’@r‘%@d"ﬁ‘tlﬁhcﬁm'a%mrEﬁﬁdomlnaﬂther%ul fate

converted st ar 6Ret SAGYEEMEXYIVRI! ©F GiAEE], depending CaH | €HM Csﬁécﬁhrﬁlb adakhe

i ke. o rat:.os of fT rtetyadaccl:lltdl gngfdlE:QJ?boxy fct: aAels enn!ljpfclayneed’ %:I 9 _
' . _1n1t1al reactants. For use as a 5121ng agent, an emulsron
~‘of the 2- oxetanone product is prepared

15 _ 'The 2-oxetanone sizing agent emulsmons, 1nc1ud1ng= LT

_ﬂthe multimer emu151ons, were prepared according to the =~
disclosure of U.S. Patent 4 317,756, which is 1ncorporated
'lhereln by reference, with partlcular reference to Example S
of the. patent. N
_20' - - A 5121ng agent emu151on of a ketene multimer (or
| dimer) may be prepared by admixing 880 - parts of water, 60
parts of cationic corn starch and 10 parts of sodium llgnlﬁ'.
sulfonate. The mixture is adjusted to pH of about 3.5 w1th
- sulfuric ac1d The resultlng mixture is heated at 90°-95°C
-.25'ﬁ-._'for about one hour. -Water is then added to the mixture in
.an amount sufficient to prcvide a mixture of 1750 parts _
‘(total weight). About 240 parts of the ketene multimer (or .
‘dimer) is stirred into the mixture together with 2.4 parts
of thiadiazine preservative. The resulting premix (at 65°C) -
30 Nr7* is homogenized in one pass through an homogenizer at 3000
.p.s.i. The_hemogenized preduct is diluted with water to a
. ketene multimer (or dimer) solids content within the range
of abcut €% to about 30% to'fOrm aISizing agent.emulsion, it
_ " 'should be understood that the precise solids content of the
'35r.'7:'51z1ng ‘agent emu151on is. not crltlcal

- 16 -



25'- . agent of -this-invention at ; the S|ze press or via other neans
for. surface sizing of paper provides satisfactory.sizing

perfornance wi‘'t hout the need for aninternal sizing;agenf. - However,
" internal S|2|ng“%g9 nay be used if desired. In - - thepgy, n&ﬂ@t

an internal sizing agéﬁ i's enpl oyed, the: 30 I nt er nal S|ze addition -

| evel for paper of this invention.is -preferably at | east about 0.05 -

kgl mt 0.005 w9
kg/ mggﬂg EO 025 Wt(;g aggcr%e paper%ﬂ{ﬁ%e%f%r: a% es Q&%td FRPOHa ke %5.per for

y at ea,st ab ut, g‘P
kg/ nt onne (0. 05 ewayatiidn of surfapesed=thg ¢ HOTET GRS I $&d

paper.  The interna;dp vere a8l Ebmmoagentp@arneerprme@ﬁmmmﬂaper
si zing agent- and aper had -
WO 97/ 30218 paper machlne at Western Michigan Uq&fﬁ /IZE 5 P

pref erredsint er ngl bsd 7d ngizgenios enclbde/axtqlfket@&ui(hgﬁéal w) . alkyl -
ketene multiner, alkenyl k‘ft %gﬁedhngyplgggeggh%%&{@ paper- n{gﬂltdgT@rtoc&I Kyl

succi nic anhydrlde al ken SUcci ni ¢ ri ﬁf si n.an xtures.
of these. In addthecpulmrﬁynplsh (thﬁegraartg.aeré# qé%,

with paper made Hgﬁersoftwood ediskapulp) owaacrdfmmhm oS anld Gaigadlmﬂ ude

~acid-rosin hy inone
mul timers of th|§tandard Féﬁﬁﬂﬁﬁﬁ 45-8-E brgf%n%bTy |oyedﬁ§s surg
si zing agents, 1frior téhﬁ)e rdizlion bé usedfaslmtm nfalflle 1) mgf%%ﬁ T

paper. - " medium, partidie- 's'l\é‘?en%&'QElW&tlatE@V‘becﬂﬁﬁCéaMaMé)h the pH-
reference - fl TR ? ow n ecif non- | i n] ti 9. xa es 00
S - (7.8-8.0), alkallnlty (150-200 ardness (1

::'-p p.m.) of the paper maklng stock were. adjusted using the
= approprlate amounts of H,S0,, NaHCO3; NaOH, and CaCl,.
',15 t . . Wet-end condltlons were as follows tray pH 7. 6—.
| 8. 0 temperature 49°C; and 180 ppm total alkalinity.
" Wet-end addltlons were made as follows:

-.preczpltated calcium’ carbonate fillexr {12%) at the first

. ;-?m1x1ng box, quaternary amlne substltuted catlonlc starch
- 20 .Ht-(O 50%) at the first mixing box outlet, alum {0.25%) at the

" second mlxlng box outlet valve, and an internal sizing agent o

at the second mixing box valve.
' The internal sizing agent added at the wet-end was
a commerc1ally -available alkenyl ketene dimer paper sizing
ZSIII'IZagent made from a fatty acid feedstock consisting primarily -

. of olelc and linoleic ac1ds, and this was utilized at three o

different usage levels;, 0.1%, O. 125% and 0. 15%, all
' percentages belng by welght based on the dry weight of the
o - paper furnish. Stock temperature at the whlte water tray
30 'tr'fand head box was controlled at 49°C (120°F). o
| R The wet presses were set at 40 p.s. i. gauge (207'

cm Hg).a A dryer proflle that gave 1-2% moisture at the slze"{:f
. press and 4 6% m01sture at ‘the reel was used (77 ft/mln (23 e

y e_m/mln)) Before the size press, the sizing level was
”'35-_,"'measured on a sample of paper torn’ from the edge of the

S 17 -



Experi ment al Procedures : " S ] The 2- oxet-anone si zi ng agents,

including. the 15 nultlners were prepared by nethods: used
conventlonally to ' prepaie commercial al kyl ‘ketene diners (AKDs);
i.e, acid’ rldesfroma m xture of fatty acid and i C
S WO 97/
~acid o were rlgred usi ng..a conventional. chl orination agéefr{?g;%ﬁﬁéz
the acid chlorides were dehydrochlorlnated in'the presence 20 = . of a

sui tabl e base. gheet, us:.ng the Heéf\gfé'éré‘lzé’r'ﬂé?éju(l%f)or RiRPaeabLogsof a
- 2- ~ oxetanoné prodict on a laboratory scale from.a

monocar boxyl i ¢ &t Fe&i JHERY ASdRcAFRBAFYT cEerl dn fhen ipdustry £0Xazel ai ¢

aci.d or a fattynmmlgrmheaaegreeSoﬂsSiﬂiﬂ@m Thiﬂlene?&xod empdbgsr ahi 0 of .

nmonocar boxyl i c aci d ent_to ar.bo onent

Is selected depﬁg’%‘g o%i \M%ggﬁg?on as theap?)rl*eetd%mctnatgoc fng'k %E’QJ‘gglﬂprrer or
a predorfi nance dsfteicstiomeof the liguidi fipent sasieki mayes Iréquxleﬂleﬁbenﬁh(i?hers _
with an averagerje alpparatqu dEEQ%EHQHttﬂet&rﬁT fecﬂherf&f 'R Wpke ratio of = -

30 ~nmonocar boxylic fatty acid dicarb ic acid is from about

11 to 14 . 'reflectance of threshagtySEfars dRfordhcantack FallcERSt 0 a
stirred reactorperiat&ralnet e drbp abtaogeedeeéwinheai gikddentage of its .

PC%'? US96/ 12172 origind? %Lbf% %’lgﬁfe 1 BST %esc%lr’b%xy ta ra8°5t88n%‘8ﬁ%‘r‘m &
ifoa | ik d - the secongdgdee. GPr‘e?—fﬁfl/e@el@me”*"éac%%rf%“tlw Bed-df apicymazseéi e
Or 'f c ww1th_naphthol green B dye (Hercules Test Ink #2) unless
| | ‘otherwise noted. The use of this formic acid ink is a more
'_ severe:test than néutral'inkﬁand_tendsfto give faster test
times. High HST values are better than low values. ) The

15 r-':'amount of sizing desired depends upon the kind of paper
' .belng made and the system used to make it. "Natural aged -
_ HST" values were obtalned seven days -after the paper was
| 51zed _ : ' : _ _ _
o Apprbximately 50 kg/metric tonne of an oxidized
"20] : .éofn starch and 2.5 kg/metric tonne of'NaCl'were'added at

5thé'sizeapress-(669C/150°F;'pH 8). The surface sizing agent-

- was also added at the size press, in amounts as_indicated in__'e._,

" the Examples which follow. 'Calender'pressure and reel
. moisture were. adjusted to obtain a Sheffield smoothness of

25 " 150 flow units at the reel (Column #2, felt side up).
. Example 1

This Example describes the. preparatlon of a
L;mlxture of 2-oxetanone multimer compounds from a mixture of
_ ;-fatty acids- and a dicarboxylic acid at a mole ratio of 1: 2
©30 - f'fatty acid to dicarboxylic acid. In Example 1A, the
"*faadlcarboxyllc acid was a C36 dlcarboxyllc acid, and in -
] Example 1B, the dlcarboxyllc acld was azelaic acid. '
. _ The chlorination of the fatty acid and o
:”'dlcarboxyllc ac1d mlxture was carrled out in a 500 mL glass-:

-18°-



a sol i_.d i's added gradually W|th stlrrlng, to forma m xture of the

two corrponents The two conponent mxture is then'S: -~ chlorinated at a

terrperature of about 65-70 Cwith phosphorous trichloride, by S

gradual  int rOdW{)b%b ﬂ{ the PCl[err] - - chlorination agentpcvfosifs0 -

m nutes or. nore 2er ~ " addition of the PCl[err], the chlorinated -

reaction product. -' - stirred for -an additional 15 minutes and then

?Llomed i 10h|%ack§€%&|fbacﬁmp%ﬂnﬁrQp%lﬁﬁ'Qscéﬁé@nééifnéﬁ5&ﬂdnﬂmxﬁUCt of
e

_ rinatron reaction are drained t he bhot e
reactor ‘and t hefuenebssapd) Rikrqaete FARRTETPs ¥ ﬁf, A r%ﬁ%q?era Ui
reaction prOdUCﬁl@Yogéﬁpﬁéﬁl(éthHpratevaCug&assware having been oven dried

Confirmation: that a .orides are d t ng%sproduct-
“made by this pr%Ee?jﬁjﬁgCn%ﬁl%]écko i3S r?é%ﬁwe lrﬂe Hg%i}??/e%y allé'm??l ar ed I1R2Y -
- det erm- nat i on ofrehhedptbreuglk afNaPH scrubber. The reactor was initi I

21 charﬁg%egasabclag&@l witPrd Qﬁa%bgqhbaﬂaecabla&cmxm af rdceadyR -

- determ natlon techni ques and apparatus are well known and are -
comrercially avBFrasmecf; B SRR al sources. 20. '

Dehydr ochl ori nati on of thehacdmpi&onh]dm.rﬂamlbnrnf the acm} mgh)gmdeed

2- t duct
Do BB R Yy AR g3 p Seia, |

represenoi ng a Feactbar faktedswith a Conﬁeqstelret B aﬂfiih"elmi‘s URRRY t5hbout

2- 7hparts (by: Wﬁllﬁ%ge%adagteiﬂ wherd waaorspﬁ&gedswtunmltfbgém g'aeac(tetalch
with stirring,

are heated to a t -
30-40[err]C. . Pilece ﬂSoﬁtdLafs?%a’b%rtﬁv’d'fg }(ﬁea‘ a‘{leorlgggé‘rﬁlegéﬁ on é) or tlon | |
about . opsseabllydf. tihe meackpr ofasl izidiieBlyr bprepdneCil %cfélé’t#t S
gradual |y to the J2aglar 2t Qogiéérﬁﬂubzo\ﬁerst%gw sft@edf of nitidysres, V\Ihl le:

‘fai ntai ning a terrper ure of out. 40-45[err oxXl] A elr}/ t wo:

hours afk%r the star &mtlﬁe_édd|Tli1%rF1'b1f°r1thl°n Pﬁetgﬁ|€£€ ot e react|on'_.'=-.,'
product Conp|ek!%nd9EaEBnyllc acuﬂ@hﬁﬂkﬁ&&h&ﬂlbﬁtl&a feblnwon iAfter’ the '

;ggg:ggﬁgev‘ tshdl eO d i,iactor was coglecctl"a\!oa%to%rd ﬁahﬁe?‘ﬁtgrghl Qf'ﬁjeg (0.31 .

- o mole) Pamak®-131 fatty acid mlxture (Hercules Incorporated,

o Wllmlngton, Delaware, U.S.A.) and 353.1 g (0.62 mole).

20  __ .Unldyme@ 14 Cag dlcarboxyllc acid (Union Camp Corp., Wayne,

B | New Jersey, U.S.A.) were added to the reactor. At this
point, the reactor was placed under a static nitrogen
blanket instead of a nitrogen gas sweep, i.e., the nitrogen -

_ gas’ flow was stopped. The reactor containing the two liquid

“25. 'f components was then heated using a rec1rculat1ng mineral 011

S bath set at 70°C. After the temperature of the reactants

had reached 65°C, 67.8 mL PC13 {1.574 g/mL, B.P. 76°C,
'Aldrich Chemical Co., Inc., Milwaukee, Wisconsin, U.S.A. )
was loaded into the addition funnel and added to the mlxture'

.30 oveér a perlod of 30 mlnutes. Vigorous evolution of ‘HC1 was_TG*-'

" noted, part;cularly at the beginning of the PCl, addition,

'. “but 11ttle or no’ exothem ‘was measured. ' Fifteen minutes

- after the add:.t:.on of PC13 was complete, the stirrer was
'*_'stopped After ten minutes of settling, 29.9 g of o
.;_35"-_;-phosphorous ac1ds, a byproduct of the chorlnatlon reactlon,:_-;
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1800 cnferr] . addi'tional tr| et hyI amne may - ‘be added as - . necessary -to
~conpl ete the dehydrochl orination.reaction. .. - Upon conpl etion

of -t he dehydrochl orination " reaction, ‘the reaction m xture I s —
filtered to. r ¥igvads byproduct triet hyI ani ne hydrochl ori BETHEI131R oy, rred S
during - - t he dehydrochl orination reaction. Subsequently, the 1,2- S
di chl oropropane solvent is evaporated: under vacuum ‘and addrtronal
triethyl anine ¥RFf SERAEEd & rom FE‘?t kgttom of % FSA5 LI e SPRL} SRR Sy

filtration. Tdfe pheepheretsl@cids wenduzémmse@ aticH hoarwbiveh tlomtmsxts '
predon nant |y o] ngn t ety d 'ﬂﬁ
specific nol ar%ur hours )&%tst%o? ?atmé!l bfwﬁ oéj I ca nggSBﬁg égg?%rieé ed
as the- - nemaved. r é’éé’tad-rlﬁfs EXFQFS u%%r%c@%rliqlngwageﬁ%“‘maﬁfi é?ﬁjlasr on

of the 2-oxet aRang-p M#Bra't%rpr(eﬁéﬁﬁﬂ p&ép pressure, 0°CTh6v8rCa<eiéHtﬁfie
Si ZI ng agent enul Slcf enuL sl .ons Wwer e

ncl u g
prepar ed accorRfiig = g Y a&?‘écFB%?r‘F’éf%fr%%1°F3a¥"éﬂ?uﬁt :ﬁéf‘e756 |
whi ch i s incorjmlattedl, a yieldhefein.by.r ehererce spaictirupafor cthar
reference. to Eﬁ?@' p S Zi ng
agent emul si on %etrgr?e tlofn %&oﬁﬁ?t Qﬁ&,,”éd a?occ}\arac)tenstt)% ?)érAjepar ed by

adni xi ng 880 pHtkarisie ahsqrbagge. at 8°°p‘éFPts of cationic corn starch and

10 paries. of . SOd'“”"'Q”W&e dehydro&ﬂlé@ﬂﬁé@ion1¥EhdﬁithWQsléafwhewtdutt() pHed

of about 3. 5°wth furi resultr n ture is heated -
at 90[ err]-95[¥F rﬁ%]ﬁs SALHT 5%8 [c( gn’éeﬁ%tﬁr “ARatS Qeg’ F‘He’ﬁ "Added to the -
mixturein = tempexatiuarenuri4Oswif ilcRedichboyoprombsen spilxent e(bf 19673 mdarts.
(tOt al wei ght)g PAbﬁJ-tQGZAZQ RAGS @%eﬁh@afeé mﬂc;rhégﬁko&gr New York:di ner)

is strrredrntothe mxturetoget er wth %@r of thrarazrne
preservative. UThetrle @R i30G 9r 8 A0¢ 88 %8}%% r‘f etdyylamine; {0,728
one pass. throwgle arssheramemlaaicht Cheéfifical Co., Incs. |M11Whekdsrermgen| zed

E:‘)IOrOI(LJI‘gtclofrtce]“nlt‘l'|l ‘Ej%‘.mni’{]h??S‘g tgow%re adde? g%oaﬁ?ééggc{tgggggﬁ?r%g% o form '
a sizing agentwwfea@rf-‘dr(lso r.p.m.3hapdthe XRARLON GOBLERRE WHES preci se.
solids contenth@été@ec§550°c using '&grEGEBEuFQ%'iﬁg Qiatiey BAELCT i At Celis
__ijlnt, the nltrogen gas flow in the reactor was sw1tched to
20 ©  a nitrogen blanket. A 235.4 g aliquot of acid chloride
B reaction product was then added to the addition funnel along
. -with 110 mL 1,2- -dichloropropane.  The contents of the |
'.addltlon funnel were gradually added to the reactor over a
. . period ofl40-minutes, Stirrer speed, the temperature of the
25 . recirculating water bath, and the addition rate of the acid
chloride reaction pfdduct were adjusted to contrel the
" exotherm and maintain the temperature of the reaction
'mlxture between 40°- 45°C ~The stirrer speed was gradually
) ‘increased from 1S¢ r.p.m. to 400 r.p.m. over the course of
30'_;_d;the addition. Two. hours after the start of the addltlon,
" _the reaction was checked for acid chloride by I.R. |
dQCompletlon of the dehydrochlorlnatlon reaction is 1nd1cated '
”:when no acid chlorlde ‘absorbance at 1800 ‘cm 1 is observed.
o 'Add:Lt:Lonal trz,ethylamlne may be added to complete the
35 - 3}reactlon, as necessary ' |

- 20 -
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The papermakl ng procedures used to make paper for -~ evaluation of
surface-sizing, toner adhesion and i nkj et. .~ quality were as follows:
Paper was - prepygsngnga pilot - paper machi ne at West ern pifrusyarom -

Uni versity. - The paper had 5  a basis weight of 20 |bs./1300 ft[err]
(9.1 kg/121 nferr]) '- - To make.a typical forns bond :
paper - maki ng st ock, Onééetﬂw&eﬁ facﬂlo&tlh&eeoﬁafésc&haﬁdwmw kr af t

pul p and- one art softwood kraft was: e € .
Canadi an = - %&&Fd Fgﬁeﬁ%%t’(?? §"‘I28:) l%)s ie 8':’8% ‘E éio sck ref| ner. 10 .
Prior to the addienperatihrehdabblte2590) tanal ﬁullpetednushnq 1e%uchner f“ﬁﬁﬁ?-um.

particle-size preci |t ab&gg th aPbbh1 4 alts formed
(7.8-8.0),.al kali mr%y°?’%5gy§8%%y£n%§ Iﬁhgredness %r:. = s p. p. m)
of the paper maRINEhet GFERCHAPE - 2dARRY QELRAL he Ladstopriate

~ampunt s of H[e”dl%‘ih%ﬁfobvoﬁaﬂ@@%ﬁ}lnt l‘ﬁ%heﬁﬂiﬂl@@@héeﬂé tHén removed
Wt - end condi tions, were

ay ocP: 0 e
49[eri]C, and 18R sz'iPréfl EXF?ﬂF?EFr (Rldulin’; pump, 60 Cg\é T& gg@t-l%ns
ver e hade.as :f olgviict was fllpeeedpatsaewd:azllmeuﬁrpcamemwiﬁwlloé\al( 12%

at the first . | b V. NenHLsHDbREA t s &l wiaddrea C ,
starch 20 . (tbnlﬁ)r%pl)gnaglﬁ ﬂ?ldfg?ﬂ%%({?é 4 EEEI et, al%{—m ﬁg% at the

second. nt&j: hg bAUBRG Qvaperes ioRnaE aﬁ}l? SFRETaRARE - ‘at the.
second 1 Xi ng boXeninder of the 1,2- dlchlorﬁmpamaewaal tséni remavgehonadded

at the wet - endi_)vxﬁ)talry geé’ﬁlporﬁégrérﬁ?(rgég‘%%/%‘fa%/pal Iszabg @{ngg yll1 kedene ﬂemr

paper sizing 2 rom a acl feeds consi st ng
primrily =~ reaftisgireiprodmet] Was| ghenaf:ilcrerealne Fhﬂb‘dv\b%m%t"iq iTERPVERL
three -~ ; d'éd rf@ﬁaiﬁ%ﬂ@et&%&@h?laﬂlﬂgﬁhfdeEﬂﬁb&ﬂde08&&@@ alfotal

ki bl e s piied, 8 11 el SV SADE proasce, 0er

: : -yleld of 65%. The product was a liquid at 25°C and .

analy51s by size exclu31on chromatography indicated that the
o-mlxture of ketene multimers had an average n of about 4.

_ | Example 1B: The chlorination of the fatty acid and _
_-20-:'f- azelaic dicarboxylic ac1d was carried out as follows. After_f
T the 500 wlL réactor was cooled to room temperature, 140.0 g

__:(0 50 mole) Pamak®-131 fatty acid mixture (Hercules S
:T-_]Incorporated Wllmlngton, Delaware, U.S.A.) was added to the
‘reactor and heated to a temperature ‘of 70°C. At this p01nt
. 25 ~ the nltrogen ‘gas flow in the reactor was sw1tched to a -
- ' nitrogen blanket. Next,: 181 g. (1.0 mole) 85% azelaic ac1d
_ mixture)_containing 15% other dicarboxylic: acids of _
- different chain lengths IE 1110 from Henkel Corporationfs'
_ 'Emery Group, Gulph. Mills, Pennsylvania, U.S.A.)}, were ' ' |
';36'-f-' gradually 1ntroduced into the reactor w1th ‘vigorous stlrrlng_ei
-~ (250 r. p.m.) over a three minute ‘period. - The solid
Ny lecarboxyllc ac1d component formed a coarse dlsperSLon with
.;ltthe liquid fatty acid component in the ‘reactor, and. the-[
dja:temperature dropped about 10°C during the addition. After -
35 'athe temperature of the reactants reached 70°C 108 mL PC13_

G



30 . and head" box Wwas - controlled at 49[err]C (120[err]F)

The wet presses were set at 40 p.s.i. gauge (207 . cmHg). A dryer.
profile that gave.l-2% noi sture at the.size ' . - press..and- 4- 696nD|sture

at the reel was used (77 ft/mn (23 B ninln)) Before the size press, o
the sizing I ev¥P W§§ 5 - - neasured on a ;sanple of paper. tB?HU$¥@ﬁﬂ%he o
edge of the - : _ - 17 - o
W7/ 30218 - - PCT/.US/ 12172

sheet, using thélk-E%u?é@LSl%eP Te755t°c( I—Bﬁlrlcm@w £9., Inc.,gize Test
(HST) is a stanmaldathlees, i misdendindust. YAl Prwas loaddipdsitol l&get Baddegds:ee of

sizing. This o eous e saql ut.i an

benet Pant 1o pelBTChotRg ol co cae nIHERE SV & etiel ploab Simpges
nmoves through tHeggh@éﬁ evolutionies HEpavas uokkd e pamtesulaglyi ab tbqw red
for the s B@&hﬁﬁiﬁé‘%f ofhd hr1sheali 464 a%t“qtlt't'leCBQ't A6t e¥biReihe

penetrant .to drog to a et er m néd per cent age of ori gi nal o
refl ect ance. sFEﬁa§%§? ru;?ﬁﬁaQHF866FF@ddhE%EHHK¥¥H§ acid FH@Pgéﬁﬁ%ds to
80% r ef | ecti on: diibholVed odut infcidditisnnoRethe PCl,. WFilitaaphibabhteseen B -
~dye (Hercules T n 2 othermn e not The use of this .
formc acid i nkg§£ : ghg gd&lﬂj'msn oefngtla 31 thﬁfn =Nt ?‘g’ FhkTERE Y3hds to S
give faster tesﬁl'-OPPed ti\fﬁa%r ten ghnHS¢Sv<af lﬁ@!:ldrle‘lsbetmeﬁ ghahosphpxelsies. -

The 15 10  anmoypidsf &iBipeodies E&ﬂtﬁ@péﬂg§1ﬂggﬁbﬁ'Féd@tﬂ@nOwaEQGEEg;ned

bei ng made and the s mused to nake it. "~ "Natural aged
val ues were obt gFﬂ@ﬁ@%\?@%M?‘gf r TEAB Paper® amounts of ;e

ApprOX|nater ‘5phkgphetous aaﬂﬂuawdkeamemavddZEzth ‘hour over the next three -
: -;hours, with a total of . 71.9 g phosphorous acids (104% of -
- theoretical) ‘being removed. Finally, excess unreacted PC133 :
15 - r_was removed on a rotary evaporator (vacuum ‘pump pressure, N
| " 60°C) over a 2-hour ‘period. 349.6 g of acid chloride -
fereactlon product was 1solated;'a'yield of 93%. An I.R.
- _speotrum for the isolated-reactiou product showed a

- characteristic acid chloride absorbance at 1800.cm'1,'with'a T

20 _ small side band belng observed at 1710 cm lw

. The dehydrochlorlnatlon reactlon was carried out
_'as follows After the 1 L reactor was cooled to room -
‘temperature, 500_mL.1;2-dichloropropane solvent (1,156 g/mL,
. . B.P. '95-96°C Fluka Chemical Corp ,'Ronkonkoma New York,
25 . U.S.A. ) and 286 mL (2.05 mole) triethylamine (0.726 g/mL
- B.P. 88.8°C, Aldrich Chemical Co., Inc., Milwaukee,
 :7Wiscons1n, U.S.A.} were added to the reactor, the stirrer
T.owas started (150 r.p.m.) and the reactor contents were L
U"_heated to 40°C u51ng a recirculating water: bath. At this'-
30 :fﬂ::p01nt, the nltrogen gas flow was switched to a nltrogen '
' blanket. A 280.8 g allquot of acid chloride reaction

tfvproduct was then added to the addition funnel along w1th 133t:. e

Smb 1,2- dlchloropropane. ' The contents of the addition funnel
15wereigradually.added to,the reactor over a period of 40 . .
'+ 35 " minutes. Stirrer speed,-the'tempereture-of'the:_' ' '

22 -



2-0" : corn starch and - 2 5 kg/ rretrrc tonne of NaCI were added at
the size press (66[err]C/150[err] F,- pH8).. The surface si zi ng agent

was al so added ‘at - the si-ze-press; in: am)unts as |nd| cated in _ t he
- Exanpl es whi ch Job) ~ Cal ender - pressure and reel - 0| sTisO6/ L
adj usted to- obtarn a effield srmothness of 25 - 150 flow units. at the
reel (CoI um #2, felt side up). ' Exarrpl e
1 ' ecirdlis E&gnah€ege§£tﬁt“5§ély%ep%ﬁﬂﬁtéhhogaeé &f the acid
m xture of 2 oxet anone rn}I ound roma m xture of fatty

aci ds and a di ceflveside regcgian ar%‘ret HR%S skiuptedafo °°nt?3)ft5)"eacr dto
di carboxylic aC'&otH&@@i@hﬁlhﬁalﬁhﬂqe téemperativrer bdxyhecrescdioms a C36

aaroylie oo g A Wheuesn aqp SHEFELC Ay At ReCRR ety

azelaic acid. att
di car boxyki ¢ aci inoredsad fiam rléﬂrren rmuttcp e 30 -m. QI"&S‘st e course of

- 18 - . 30 the start of the addlt:l.on, |
PCT/ US96/ 12172 the adé/Rl z{<et é%gr leg%f%ra t-r'e'ztIte evvrs ara gog enser, an
addition . Fbﬁn@ac%}rﬂi‘ Msr 6§erk e@aﬁer%cl%?@r?%ée Balg d with

ni trogen gas: (eaébm@l@@ﬁorpfoﬂy|tc‘héswah?dh6dm1@ri}wﬁdwmadltu.ed is 1nd1<a‘=tted
T o RO shRafRs i enabiad LEQORGe dd Qo en" 55 ol

t hrough a NaCH s e reac or “Was 1 hl
with a heat gun -ahthoesh etighaahydrideaalysorbance §ttr é@ﬁa50anr t?%"gen

The dehydrOCh'Orbaab1£Eh£E g ﬁ@h@uEQhQﬁtde.Addltlonal triethylamine . may
Co ' be added to complete the reaction, as necessary.
Once the dehydrochlorination reaction was
N .'.complete, the reaction mixture was cooled to room
| 15. ° - temperature (about 259C) and flltered using a Buchner funnel r"
* to remove byproduct triethylamine: hydrochlorlde salts formed = -
by the reaction. The separated trlethylamlne salts were
 reslurried in 150 mL 1,2-dichloropropane at about 25°C to
extract any-dehydrochlorinated reaction'product trapped in
20 the salts and filtered a second time. The filtrates were
' 'combined, and approximateiy half of the 1,2-dichloropropane.
TISOIVent in the filtrate was then'removed using a rotary .
evaporator_tvacuum pump, 60°C). The_reaction'product was
filtered again_to remove additional'triethylamine '
- 25 g -hydrochloride salts that had precipitated during evaporation
of the 1,é-dichioropropane. " The remainder of the . 1,2-
i'dichloropropane Was then'removed on the rotary evaporator
 (vacuum purp, 60°C, ‘three hours) - The total reaction
- product yield was 175 g 2- oxetanone multimer product, a
30 . : yield of: 82%. The product ‘was a liquid at 25°C, and
' f.'analy51s by srze exclus10n chromatography indicated that the .
'h.ffmlxture of ketene multlmers had an average n of about 4 '
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_'r'eaction' product was carried out in a 1L gI ass-jacketed 10. .- . react or -
fitted wth a condenser, an additlon funnel ~and = mtrogen adapters, -
where was sparged -with. nltrogen gas (each ~pi ece of gl assware havi ng '-
‘been oven dri gihfsedfg> C prior to = - asserrbl y). The re _
initially heated to 105[err]CW|th a - heat gun and co%&&sﬁ&ﬁép a .
st eady stream.of nitrogen. 15 . - Exanple 1A . The chlorination of -
the fatty acid and . C36 dicarboxylic acif was carried out as .
follows. After the 500 mL. reacg%%"-‘%gs—égool ed to roomtenperature,
87.8 g (0.31 * nol @#lPaM[\mh Jdeszribest ghacugeno &kt theed Hertarlees

| ncorporat ed multlmerwof“ ﬂﬂié’rh.m;ﬁ'hﬁ %:s F’u?‘féce 8y Qléé%i%ﬂ:éo 62

l_m)l e). 2 Uni dy e[ err ]]Se di carboxylic acid (Union N
Wayne; ~ New Jer se§ouy) ketene M%@dWFSEtHEeP%’é%@OﬁrO‘“ Aanaks

poi nt, tShe readBar fm5yphatedanmwelam alcid niktages having tid anket . -
| stead of 2 Nt 90RO BE e o o, ATl BESI Bompongyy, (S (100 veS

hedt ed using adrléév‘fb@w&i-f—‘ngcm r@smormnt 2.5:1, bath, slat2 andicn[ﬁrr] G:he

After the tenpg e
pCiLerr] (L 574%@&%‘ t@b k@@eﬂ@%ﬁﬂtm%rs were ﬁ?@ﬁa%%mqg%ﬂxéic mdl &S

e o
M | waukee; WS(? S °g élﬁcﬁ {é:!carb%éulcoéﬂéﬂ FRPRCRSRE )y R t‘iQS‘lParrGﬁnel .;':' -

and addéd to twithi xharwofacid (fatmy agier cotipoheRD) N MTlie prodddinieous:
evol utjon of KGLeWasy make %hé‘%é?&rteoq{utl't(mlggr L\¥ﬁ@ﬁre9%§seg§ﬂﬁ ¥ the

PCl[err] addItIO e or no exotherm was neasure Fi fteen
m nut es h&Ft Spseribeddin iBfAwlepdi[ eThE hAseROpIkE e i yreser

was - st eppedutititea t&p éﬂﬂuigeasofaq&ebhbl 8l 2forts 9 p&fep%‘ied as
ph(i)gphorous aC'd sbrlbgédiggucgﬁ%rtﬂn%n%aqr IPQgE:Ie QreseaCt 'on,
PCT/usgéy12172 ' For comparlson, two surface sizing agents were'
" included as controls, at three usage levels, as shown in -
: Table'1Jbelow:tralkeny1'ketene'dimer‘_made from a linoleic .
- and oleic acid ﬁiXture (generally as described above under
_ _ .Experlmental Procedures), and styrene-maleic anhydride
20-.  copolymer.
| . The addltlon levels of the four ketene multimers
- in the size press were 0.005, 0. 015 and 0.025 wt%, based on
the weight of the dry 51zed paper. o . '
In addltlon to the surface 5121ng agents utlllzed
"c25 o _in.the size press, an lnternal_51z1ng agent was also used:
o alkenyl ketene dimer (as described above) was added at the
. 'wet end of the'papermaking machine, at usage levels ofho.i—f
"0.15 wt¥%, based on the welght of dry sized paper.
_ _ | - The results of these surface sizing evaluatlons '
- 300 . are summarized in Table 1. SlZlng efficiencies for the
' ) ftreated paper that 'are shown in the Table are measured as
jHercules Slz1ng Test results, taken at three 901nts prior
to the size press,'at the reel after the size press and
fafter natural aglng for about seven days. '



were drar ned fromthe bot t om of the reactor Smal| anmounts- - of - -

phosphor ous acids were renoved.each hour over:the next o f our hours,
with a-total of 35.4 g phosphorous dcids bei ng ‘removed. - Fi nal ly, - :
excess unreact qgo Macy 1] was renoved on a’5. - rotary ‘eVapEcanEsee/ 1z uum:
punp pressure, 60[err]C) over a 2- hour - ‘period. 453.7 g of acid

chl oride reaction product were . . isolat ed, a yield of 97.9% An |.R
spectrumfor the i 59h aksd r@@@ﬂeoﬁte%a@uahlahﬁeeg costhat aptver Large
aci d - chloride absorbance_ at 180 %g h ze pres

dehydr ochl ori nat iDsreagesi ép #h31er3s 1, atter th¢ $i3%P ,Efter the

1 L reactor was gogirade! @i29a8 treatment erqareeri:ararlrieusége hevels evaluated.

1, 2-di chl or opr opane sol ven 95, 9 frrﬂq Rl Qka.
Cheni cal - Cor p. Ronkonkorra ?g %éﬁketene l‘}u%tim)grs ?1%5 p (0 83

mol e) tried hyl aniferty0a22@ g/ db.ac16 ratios, mrce;edspersrfelgpeiaﬁw S &4
Qo , Inc., MIwakepoos wes adliBEonsidved) Sufde) weseecargaable i wiact or

t he’ strrrer o p there ctor t e
heated to 30[err]@hﬁwﬂg kétreéér Aéueht FMGE %a%eﬁlzdé‘th fﬂntggf Fan:t% s

poi nt, the nitrogay)gamd ltew |snyrraﬁeymmm amwmdtechegolysm@g surfage -

nrtrogen bl anket. . A 235.4 al i rid tﬁf@@tké}_ﬂgne .
product was then sd’(ﬁ)“él?ta(? e gﬁglrf’r oﬁ;“funnéjﬁ Q'gﬁl‘q The same 110 nL

1, 2- di chl o opr.opameltinkms cett @n0s08F vhe usage 1eVe§dd| PFBHlﬁﬁﬂnﬁz’v@e
gradually added tQorf 16 SRALDEHRYChee conparaﬁkﬁldaiuhé 40xehylitlestene

Stirrer spéeed, the tenperature of the | ati o
t he addi t:Oon r at edHFegph%"zdﬂgd agent °°nE:ﬁ?%rﬁfe (feacstc:%dnt) Qgg\ﬂfgﬁyfep@}(ﬁha@d

adj usted to.cont r@hhydiide copolyeent bézimgnagenti ntati M tlﬁewtéhper'é%%r]%e?ﬁne o

the reaction = multmég wat,pgth\fgegn449£l€£{»]acf@[ﬁ rchGCldTbat&blpf@rumeed

was gradual Iy . .- I Nicr ease .m fo 400 r t he
course of 180 . Smhbl%tﬁdrhqﬁ)rﬁtllivﬁlﬁﬁbﬁéc%ﬂl"terllfcrﬁeeassleér lmorsj‘ﬁ'i addr tion,
“the reaction was gheckeghdpraaind glearide by 1. R - ~Conpl etion of

t he dehydrochl orination reagti QN J a nMle R eRRnaChdl E4thoFd del-'.'.f.-
~absor bance .at 1800 cni err]a'ﬁ?es o sé‘rvegog EEQ flrStc}: fe"E:nale tEﬂ eth | apine

may be added to céepbele 1k, 352 fattyeacifloffAhsthetasdst (DA} ratios

‘indicated that at a given usage level, these ketene multlmer o

.“20“ ;d surface sizing agents are 6-10 times more effective than a
| conven‘tlonal surface sizing agent, the styrene/maleic

| anhydride copolymer, used as a control.
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- 20 VD 97/30218 o - - Sl
PCT/ U896/ 12172 - o Once the dehydr ochI ori nat i on ‘reaction

~was - - -conplete, the reaction ni xture was cooled to room - .
~ tenperature (apout 25[err] C) and. filtered using a Buchner funnel to
- renove. byprodua P18 hyl ami.ne  hydrochl ori de salts. formed 5 Pcrmsf)‘yut‘ﬁe B
reacti on. Approxi mately hal f of the '1,2- ~* dichl oropropane solvent
inthe filtrate was then removed = =~ using a rotary evaporator (vacuum
punp, 600C). The reaction = - product was filtered a second tine to
renove additional - triethylam ne hydrochl oride salts that  had-
precipitated 10 = - during evaporation of the 1, 2- dichl oropropane The .
remai nder of the 1 2-di thor opropane |\ renpved on the _Lotary
evaporator (vaclumh pump,.. QO[prr] C, |thre ' . The reattion | . -
product was- thef, i I'terePloot ki rd fiare fo Ve '~ any:renmyf i ng
triethylam ne hjy@lochl o #e“p8l ts. | <Tot 4l 1 prodlct i &l d wa8"137{g
2- oxet anone mul 'imer=‘_p-f._§g§jc? Ca. - |° i of 65% © The |pr oduc} ®was &
liquid at 25[erflg, - -and':’.%,“ : angl ysi ize excljusi on |chromaf ogr aphy - .
I-ndi cat ed that he '.-.-;,\g ~ . I mxture|of ke¢tene nultineqs hadfan avefage n}of
about 4. A £%adipl B ,1B: | The ¢hlorination ¢f the [fatty pcid and
20 - - azelaic cgrcaab&% | € a:m d Jas carfied jogt as|fol | ovfs AR elr S
the 500 nL reac Wik B08)|l ®H™t 0 r¢om t mper atjure, 14680 g{ ~ - r*(0 5( _
ol e) Panek[err ;’-.&31'3‘& 3 abi d ni fturel( Hercules | I|ncor poy at ed;
W | mingt on, "Del \}ggf-e;. U P~ | Was qaded|To T™he Teaqtor anp hedred
to a tenperaturf fif: 70Ferg] ¢ At H'hi-'_s__roi nt .,.0‘25 . the ritrogep gas fl ow
in the reactor ya$ sw geh@dale a |« |aNitrogan bl anket. | dlext,| &81 g.
(1.0 nole) 85% | ai 'C'E:"tﬁcgd .. .| mxfure, containijng 15% other|{ - | .
di carboxylic ac of H | ] différent |chain | engthg (E-1310 from Henkel .
Corporation's - R e i ' '
T g LI i
JESEEY N2 | |5 s (s e |a
: m_gx'"v : . _
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Errer'y“' G oup, Qul ph ‘M1ls, Pennsylvani a, US A ), -were 30 gradual |y

introduced into the reactor: W th Vi-gor ous stirring - (250 r.p.m) _
over a three mnute period. The solid . . - di carboxylic acid conponent. .
formed a 'co'arsuvmismmsmn W th ‘the liquid fatty aci bcaarBORSRt i n
the reactor, and the. : tenperature dropped about 10[err].C during the
addition. After 35 the terrperature of ‘the .reactants reached 70 C, 108
m. PCl[err] o _ - 21
(1.574 g/ ni, B.P. 76C Aldrlch Chemcal Co., Inc., - ._-leauke_e, .
W sconsin, U.S. A) was ‘| oaded into the addition . funnel. and added to -
t he mxture over a period of 30 minutes. =~ Vi gorous evol ution of HCl
was noted, part e = _'hm' T e i,
but little or : | way neasuf ed. _-1he di sperrsgd di cafboxylic
aci d conponent ' I ved durilng add|&ion df the P@l3| gFifteen -
mnutes’ o |t i yi'on ofj PO 3 N@,s cormlete Lheslsgirref gvasf -
stopped. -Afterf ten isettlilng, 70|8 g phosphorpug 210 acidg, -
a bypr oduct. . of 2¥ M- . Lreactidon—wele ilned fromithe '
bottom of the rpagtof. §H'all anount'§ of ghosphof odis {aci ds yer.e
renoved each. hopf _v‘ér‘a‘gﬁEﬂnem «fhreq «  Inm hours:; Wi theadjobal o e71.9 g
phosphor ous aci § IRl ﬁ-_ tre'gretl ,al) bdi ng refroyed. -Fina Y2
excess unreact e ﬁ_é‘r&i’ 15 |7 was [removefiTon a|rotary| EVaioTat or ﬂacwm
punp pressure, I 2 _-60lerr]€) overl'a 2-hpur. oerloﬂ B49.4 g of acid
chloride 9’1’_ea‘ctig)' prodiict wag isolafed, alyield pf{93% AnfI.R
..spectrum for, thlegi sol'ﬁrfg reacti on prioduct shovved a . _ -
. ; . LA B L B & fe ojwlw - ] w.
oomEsl | |
H
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characteristic acid chl ori de ‘absor bance. ét"'1-80'0_',cm [err] with a 20

smal | side band being observed at 1710 cnferr]. = . ‘The .
dehydrochl orination reaction was carried out - =~ as foII_ovvs After. the. _
1 L reactor was cooled toe room . '@ = tenperature, 500 nL - = '
1, 2- di chl or opM6h¥H828o| vent (1.156 g/m, = . B.P. 95- 96[€FF]‘@9"PI1'Gk_a
'Chem cal Corp., Ronkonkomrd; .New York, 25 . U S A) and 286 nL (2.05 -
m)le) trrethylamne(O 726 g/ m., B. P. 88. 8[err]C Al drich -Chem cal
Co., Inc., Mlwaukee, ' Wsconsin, U 'S A ) were added to the reactor,
t he strrrer : : was started (150 r.p.m) and the reactor ontents were'
heated to 40[err]C usrngarecrrculatrng wat er bat h. At this 30 ' - _
poi nt, the nitrogen gas flow vvas switched to a nitrogen bl anket.. A .
280.8'g allquT - FTTom prouucr '
t he addition. nL 1, 2{dijchl oro
contents of. t*r@_, . _S':'-v_vere:-gradrﬂ'l'&f adde&
over a perrod &l | sStirrjer speedj she te
- 22 - - : . _
PCT/ US6/ 12172 _ < T8 fater Hat T, —afrd{re—adtf
the acid ghl grjdé reactron product wgr e adj yistied to-
exothermand jijint inS N t enpeRat ur ¢ fof . t HeRreactingrk -
40[ err] - 45[er B SEhE 8¢t rrerf speed|was grjadual ly-4 « - |
150 r.p.m "tof&)0 . p°M over [the coprse off - the adgitioh. Twg
hours after’ tfie fstart—of—the—add-tof _ t+he—Heact-of—wasteheekqgd ‘for
acid chloridef I.E&Sﬁ _ - |Conpl efion.of| the dehydrochl prinagion
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© when  no acid chIorrde absorbance at 1800 cm -

acid anhydride absorbance at 1815 ¢m

measur enent - Addi tional:
reaction, as nNRAFRHMIY-
reaction was conplete

reaction.

can

trrethylantne may-

rs observed

10

conplrcate this : o
be added to conplete the

aIthough o

the: reactron m xture was cool ed to'room 15
tenmperature (about 25 .C) and filtered using a Buchner funnel
renove byproduct . triethylam ne hydrochloride salts forned

mL 1, 2-di chl oropropane at about 25[err]C to
dehydr ochl ori nated reaction product trapped in 20
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‘Exanple 2° o o ThIS Exanple descri bes the. use of three ketene

~multinmers of thls i nvention as surface sizing. agents. . L
Four ket ene ? wer e prepared from Panak[err]- 5. P%i&B%@h% aC|d a
and azel aic aC| m Xt ures haV|ng t he - follomnng nDIar B
fatty ‘acid conponent to dlcarboxyllc acid conmponent! 2.5:1, 1:1,
1:2 and 1:4. The - : Iatter ‘two ketene multinmers were prepared using a
nol ar ~ excess of diacid. (dicarboxylic aci d conponent) as. conpared 10
with the nonoacid (fatty acid .conponent.). - The procedure - used to
nmake the ketene nmultimer mixtures was. S|ntlar-to - that described in
Exanmple 1. The ketene multimer mixtures ~ were utilized for sizing
as- aqueous en STons, pl¢p3f§ﬂ=rﬁg_u - described under Experinental
Procedures. 1 “Hor* conpari son, two surface sizing agents
were |n§ uded %3 qontrcls at] tifree usage levels, as shown'in
Table 1° belomr g4l ken ket ene [di ner, | fgde froma linoleic:© . and

‘oleic aci d.-m e (geni aIIy gs . descrited-above under S Experinenta
Procedures), 'stgrene materganmhyditde 20 copolyner
The addition lfevel sg f phie four| ketenp fultimers | S in the si ze press-
wer e ‘0. 005; 0. EB qg% 3)25 Wt %% based 5gn .. the weight of ‘the dry
si zed paper. al Spogl 4 |l4& add djon to the surface sizing agents
utilized 25 | B iq;tﬁ%nsize'press”_an ifnt.er nal sizi ng agent was al so used:
alkenytrketen g'ﬁer tastdeseribed—abpyq) was added at the - - wet end .
of the paper mg'ngp&hte,-at usage | ejel s of 0. 1- . 0.15 wt% based
on the weight dryg§iia¢ papgr, = | ~ ~ The results of these
surface sizind 8yal ugts 8hs 30 | . ar e.Surrmarlzed in Table 1.  Sizing |
efficiencies fpr{the H™} 'treated bafer that are shown in the' Tabl e are
measured - as . Ferciites Sijzing EST resul ts, taken at three poi nt's:
prior: o _te_thg'E;%é presq, at thefreel after the size press and
after naturatl gl@gf_g-cg,gilmut-seger:l-'-_day;_;_ ) _ e
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PCT/U896/12172 I AII f our of t he: ketene mul tinmers: tested .

‘gave large ~ = . |ncreases in: S|z|ng at the reel, after the size press _
surface sizing treatment, over all-usage Ievels eval uat ed. Co
Three of the k\ypéﬂ’é"?r’fﬁltlrrers (2.5:1, 1:1, 1:2 5 . fatty amgusss/c}zlnld
ratios) provided.sizing differences, -at - - ~a 0.005 wt% addi tion |evel,

t hat -were conparable to the - alkenﬁkagﬁigng di mer surface sizing

agent control (at 0.005 =~ = w% and € S yrene/nagélc %gh¥ﬂtl§8ur
copol yner ‘surface - §h§|ﬂ§r§@ﬁ§ns¥iﬁﬁrﬂﬂPeFaPr@

three ketene 10 eten'er“l'nhh.e'ﬁﬁtérsainam@h W Vi %ass ayalevreld, fOPlT dwkded sizing

ef ficiencies that were comparabl e t: aIk nyl 1 tt @I@Qhrd
si zi ng agent coﬁFﬂﬂtLPthGaéQSYmtﬁat H% gﬁ%71ﬁﬁgﬁpg Hew e 3 hydri de

copol ymers si zi ngisants soat neswemﬁ%nk;émaamreﬁe Two inkigt BFERGw t h t he
1:4 fatty acid t?ﬂﬁ} %p'%haQE QePEQHtégdwééE meas@d | enldeK isik ine

signi ficant, inc

t | o
The results for gimwth r@td pmtéeaketieﬂ%lmctgrfélfen%natedt l%(%fcg‘efnﬁ 1, 1:2

fatty acid (FA) g&slitaciadel @Ahmaettzea) in Table 1 nidi ddteedtwchaolamns gindex
usage | evel, these ketene_ nul&hner surface sizing agents are 6- 10
‘times nore effecf¥N¥95?u9V5¥ conventlonal sur f ace S|2|nqna eqt the

styrene/maleic aniBldkd énbop dhgnBTOWHS SR A NIRRT &
IR .eraluatlon of line growth by featherlng or wicking, i. e.,
"spreadlng of ink beyond the printed line borders. Print
' samples were compared to ten . samples, ranked as 1-10 wikh 1
”'belng the best and 10 belng the worst quality. Results are: .
.'T15f,-l' summarxzed in Table 1. above,:under the column headlng "Black_ m
"ll"'f'Ink L1ne Growth". S ' - )
' . At the lowest usage level of ketene multlmer )
‘surface size, all four ketene multimers provided black 1nk -
. line growth that was at least comparable to a paper with a
'zo_p.V conventional surface- -sizing surface sized at a substantially

higher usage level with a styrene/malelc anhydrlde copolymer -

- surface sizing agent. : :
_ At the hlghest usage level the ketene multlmer'
1sur£ace size prov1ded approxlmately equivalent black ink
" 25 .L'__llne growth as compared to the conventional surface size,
. p'but the latter was used at a 31gn1f1cantly higher usage
'it;'llevel than the ketene multimer size. '
) Black ink front opt1ca1 density values were
':z%obtalned by optical density measurements ‘of black ink
:ljot;ﬂﬂ'lprlnted onto the 51zed paper, such measurements. being made .

on the front, i.e., prlnted side of" the paper ‘High optlcal._"

_ﬁifden51ty values are desirable since they indicate good
.'thlquallty, dense black ink printing. The results, shown in -
. the penultimate column of Table i,'show that the ketene

:35 . multimer surface sizes generally prov1de satlsfactory black :
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1nk optlcal den51ty values comparable to the styrene/malelc
_anhydrlde copolymer surface 51zlng agent used at
""_51gn1f1cantly hlgher usage levels, particularly at the
'”_hlgher internal 312e levels used concurrently with the
5 ketene multlmer surface 'size. ' :

- " The results shown in Table 1 1nd1cate ‘that the
four ketene multimer surface s121ng agents evaluated are"_
cost effective replacements for a conventlonal polymeric

~ surface s121ng agent like- styrene/malelc anhydrlde

10 i ﬂ' copolymer, for paper grades requlrlng -good 1nkjet prlntlng
"'"fquallty. : : '
ggpie.4 _

_ ThlS Example evaluated photocopler toner adhe31on d
_ '"j'on copy paper surface sized w1th a ketene ‘multimer 5121ng
=w157'r, .agent added at the- s1zxng press. '

The. ketene multimer was prepared from a reaction - -

" mixture containing Pamak®-131 fatty acids and azelalc acid -
.in” a 1:2 mole ratio. ‘The- procedure used to prepare the
:ketene multimer was 91m11ar to that described in Example 1.
'20f5_:a. S For comparison, two convent10na1 surface sizes
.'H'flpwere also included in ‘the. evaluation. The first was paper
" sized with a styrene/malelc anhydrlde copolymer sizing _
'.agent - added at the size press at two usage levels, 0. 05 and -
: 10 15 wt%, based on the weight of the dry sized paper. Such
25 " convent1onal polymeric sizing agents provide good toner _
o '_adhe81on and were 1nc1uded in this Example as a performance'
-=benchmark _ : ' _
' The second surface size included for comparatlve'gf.
Ef_ purposes was paper surface sized with an alkenyl ketene
'p”30lf7t_'d1mer sizing ‘agent, made. from a mixture of linoleic ‘and
":."lolelc ac1ds, the 5121ng agent belng added at the size press;

”“;at two usage levels, 0. 005 wt% and 0. 025 wt¥, based on the . -

N Welght of the dry sized paper. ' Paper containing no surface,V’“7

':sxze was: also 1nc1uded ln the evaluatlon

._..' 32 -
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An 1nternal 51ze, the alkenyl ketene dlmer used as -
‘a surface size," was also included as a wet end additive in
‘the papermaklng process,.at two usage levels, 0.1 wt% and
- 0.15 wt¥, based on the weight of the dry s1zed paper
5 '.-} . Toner adhes10n on the sized paper was evaluated
| '.us1ng an opt1cal density method that measured the difference
in optical den51ty between black toner photocop1ed onto the
. front of the {uncreased) ‘paper and the same black
photocopled toner with a crack formed by crea51ng the paper
"“10 'lj(by folding and unfolding). Poor toner adhesion typically
o 'fresults in formation of a larger width crack at- the crease;
‘the dlfference in the two optical density measurements is
- therefore large. Low values for the optlcal density .
. 7”:d1fference 1nd1cate good toner adhesion.
as Results are summarized in Table 1 above, where
'":'photscopler toner adhesion values are reported in the last
 column. - | o o o
' As'expected the polymeric (styrene/maleic.acid
_ :copolymer) surface-sized paper provided. good toner adhesion
20, and the alkenyl ketene dimer surface-sized paper exhibited
.. poorer toner adhes;on Increasing the level of internal |
..~ size used in comblnatlon with the surface size tended to
eresult in reduced toner adhesion. '
' - Use of the ketene multimer as a surface s121ng
25 - agent resulted in mixed but generally satisfactory toner
- adhesion, with very little difference in toner adhesion from
that obtalned with the untreated control.
' ‘Based on. these results, ketene multimers are _
l'expected to be more eff1c1ent sizing agents than tradltlonalﬁf
30 fd _fpolymerlc surface 5121ng agents,_w1thout the toner adhe51on
"j,problems assoc1ated with tradltlonal ketene dlmer 5121ng
.:'agents. ' A '
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, ple 5 _
: Thls Example describes the use of two 2- oxetanone”'
multlmers of this invention as: surface sizing agents. Both

_ alkenyl ketene multlmers were prepared from unsaturated
| fatty acid {monocarboxyllc ac1d) and dlcarboxyllc acid
'_ mlxtures hav1ng a molar ratlo of fatty acid component to
' dlcarboxyllc acid component of 1:2. The first ketene -

multimer was prepared from a mixture of Pamak® 131 fatty

acid and azelaic acid' at'a 1:2 mole ratio, and the second

‘ketene’ multlmer was prepared from a mixture of Pamak® 131 .
ﬂfatty acid and a C36 fatty acid dimer (dlcarboxyllc ac1d),:

also at a 1:2 mole ratlo The procedure used to make the
ketene multimer mlxtures was 31m11ar to that descrlbed n

’:Example 1. The ketene multlmer mixtures were utilized for.
's121ng as aqueous emuISLons, prepared as described under Lo
'_Experlmental Procedures ' '

Four dlfferent addltlon levels of the two ketene

_multlmer sizing agents were evaluated in the size press:

0. 0125 0.025, 0.05 and 0.10 wt%, based on the welght of the

'dry sized paper.

For comparison, two surface sizing agents_were

*"included as controls, as'shown'in-Table'z below: alkenyl'

' ketene dimer, made from a linoleic and oleic acid mixture .

(generally as- described above under Experimental

Procedures), and styrene- -maleic anhydrlde copolymer.

, An additional control having no surface s;zrng o
agent at all (only internal ‘sizing as descrlbed below) was.

. also included, at three repllcatlons

The surface 5121ng agents were evaluated at four ’

_dlfferent addltlon levels: alkyl ketene dimer sizing agent’
-at 0.0125, 0.025, 0.05 and 0.10 wt%, based on the welght of

dry sized paper (these were the same addition levels as used
with the two ketene multimer SlZlng agents), and

'_styrene/malelc acid copolymer at 0.05, 0.10, 0.15 and O 20

wt%, based on the weight of dry slzed'paper. These latter =
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The surface sized paper produced mnth the. four " Kketene multimersin R

‘Exanpl e 2 was w@@i #/d for inkjet. _ prlntlng quality |npt-ljmgﬁgmple'
using a Hew ett a

rd 5. Mdel 560C:Deskjet[err] inkjet printer, Two .

“inkjet print = qual ity characteristics were neasured: bl ack ink line

growt h and opti cak ,daRShbunel 16661 Hridiethibhagk chalk. that usedRefal ttneapeher "

summarized. in Table 17in"the two_col ums u | TY".
Bl ack- i nk:'line gF&ﬁPHgmégeﬁﬁﬁsBVEda{ﬁ/“ﬂ%ﬁﬁﬁgeaess re%va#%ﬁ%%ﬁ%#%iaﬂ

growt h by f eat hecommezeiwllckixnface . £izing additdéppenareag T |Wsoé’§¢&|]rdkf‘ﬁ@n

'prlﬂtgd Ilgelgorq$ﬁ& cePEEQEng aﬂentsanples wer e. conpared to ten: sanples
ranked as

: _ g the best and _10 bejng the worst g a &y.
Results ar®e 15 .  summari Zadafdithen &£a HisordriaRgefit cacﬁelimﬁ:\? & g‘lﬁﬁ
-"ElﬁCk L Il I'ﬂh'ﬁﬂeesgﬁgwﬁﬁess, an 1nteﬁnal siziAf h@en&ow&sﬂahﬂgagseﬂeveg_ B
of keteéne nultiner surface_s ket en r
bl ack ink - all pf FPSWPAPERAYS l%ttah eafss%l%g gara %@‘%%l g?er%ﬁ%r a\\'/{vlh‘tgF L
a 20" convent i (aaldesanfihed- sbevel wfaais%‘-%laﬁeénaﬂ-n'éeéﬂﬁkt%ﬂrﬂq &Y yhe

hi'gher usage lev%eﬁmér{a %é%@eﬂﬁbgﬁhﬁt:@n '?Ml'n@e erﬁsa@i@l’levels of 0.1-

surface sizing age | evel , the

°£; est .u e
ket ene nut@imer O- 5 wes %oubRsed §P25h%r‘6"’v‘r?83'd &gé’x??rﬁ @a R&Hi val ent
bllack ink 25 - line growmnheagesaliparefl thedehauwrdacentiving esxtﬁlflmeogSze

' bUt the Tatter. “HSré“ﬁﬂ%ﬁﬁif%e IgnlEangtiy rgnyﬂé Y¥2?3Fiencies for the.
' treated paper that are shown in the Table are measured &s

Hercules Slzlng Test results, taken at three points: priorfu_"

| -15u._'r'to the size press, at the reel after the size press’ and
" after natural aging for about seven days.. '
o The two alkenyl ‘ketene multimer surface sizes

f-tested gave large increases in sizing over all usage 1evels;_a;_

z_evaluated both at the reel and after aging for seven days, |
20 . as compared with (internally s1zed) paper that had not been |
. surface sized. The levels of HST sizing were comparable to
‘those obtained with the alkenyl ketene dimer surface size B
fand the styrene/malelc anhydrlde (SMA) copolymer surface
‘size. _ ' ' ' '
25 B R Since the;SMA copolymer size was used“at much
S h;gher.add1t1cn rates than the ketene multimer and ketene-_ 
.:-dlmer surface 51zes, these results lndlcate that alkenyl .7
.-ketene multlmer surface sizes are much more efficient .
. surface’ s;z;ng agents than a conventlonal SMA copolymer

30 fl-surface size. As the Examples which follow demonstrate, the 3g:“

Valkenyl ketene multlmers of the present 1nventlon prov1de

1_jcomparab1e -black lnkjet prlntlng quallty compared tc ‘SMA o

' ﬁ:copolymer 5121ng agent and the alkenyl ketene dimer sizing S

. '_;agent and much better toner adhe51on results. compared to
l-._'3S”_7H. those ObtalHEd:Wlth ‘the alkenyl dimer surface size. '
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Ievét than the ketene nultlner s:ze B ' Bl ack i nk front

optical. denS|ty val ues were O obtalned by optlcai denS|ty .

‘nmeasur enent s of - bl ack |nk 30 - prlnted onto -the sized paper, such

nmeasur enent s Rghg ﬁﬁg’ . on‘the front; i.e., printed side of the
paper..  High optlc ~ density val ues are desirabl e si nBE/P$nE}2172

i ndi cat & good . = quallty dense. bl ack ink printing. ‘The results,

shown in -the penultimate colum of Table 1, ~show that the ketene’ 35

mul.ti mer surface-sizes generally. prOV|de satlsfactory bl ack
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3The ketene mul timer was prepared - fron1a reactlon B n1xture contalnlng-'f

Panak[err] 131 fatty: aci ds and azel aic’acid " in‘a-1:2 nole ratio.
The procedure used:to prepare the. - S ket ene nultlner was simlar-.to
t hat described_j nple 1. 20 - " . . - For comparison

_ 2172
convent i onal- 519%%%%§|zes ‘were - also.i'ncluded in the evgwg %(ﬂ]

“The first was paper sized with a styrene/ nmal ei ¢ anhydride copolyner .
Si zi ng - “agent, added at the si-ze press at two usage |evels, 0.05 and
0.15 w % based on the wei ght of the dry sized paper. Such 25 ' :
conventional polymeric sizing agents. prOV|de good toner - “adhesion
and were included in thi's Exanple as a perfornmance - - -benchmar k.

- The-second surface S|ze |ncluded for conparative _ pur poses was .paper
surface sized ggﬁ R0 di nBL g 7i Ng agent, made from
a mxture of 1}nqleic and -acidsy the s} zing agent being added
at the size prég;-.f _“5 gt two usage lgvel sf 0.003 wt % and 0.025 wt %
based -on’ thea=1§ ' -wgﬁghtmof t dry |sgzed paper. J Paper containing no
surface i ze wg '..a[:so |r§ude Ln the gval uption. :

- 32- | WO 97/:30p18 S S - -
PCT/U896/12172 ' E An infternal |size, §he al kenyl ketene
di mer used as | a surface sijze, was alsofincludgd as-a wet end -
additive in - f |~ e<paper maki ag process, af two upage levels, 0.1 w%
and 0. 1% w9 B8] @ t he wei gh zof ther dry bized paper. 5 |
Toner adhesi on trﬁeégiazej,_;paper s ebal uat éds usi ng an ‘optical
density net hod |t at;pegkurnd thejdifference - | i optical density
betmeen bl ack . §Bler phot ocppi ed gnto th S '
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front of the (uncreased) paper and the sane black
wi'th a crack-forned by creasing the paper

- unf.ol di ng) .
~a larger vmdt%)cr k.
optical densit
the.optical density-
"Results are summari zed:

IS

adhesi on-val ues are reported in the |ast:

As expect ed,
sur-f ace- si zed paper

10

Poor- toner adhesion- typlcally
at the crease;
renents

the'difference
“theréfore large..

di fference indicate good. t oner -adhesi on.
in Table 1. above,

wher e

€

_ phot ocopi ed toner -
by folding and ;
‘results
in the

LokordRuite,,
15

phot ocopi er -t oner

.col um.

the pol yneric (styrene/ nal ei c- aci-d
provi ded good toner. adhesi on 20

copolyner)
and the alkenyl

ket ene di ner surface- S|zed paper exhlblted poorer: toner adhesi on.
| ncreasing t hp=ever—or—fprerra stre—wsee=—coybi nation with the
surface si'ze jerjded to rgsult in reduced |t oner aghesion. _ _
Use of the kefedle: nulhunergas a qurface 5|d|ng 2%  agent resulted in
m xed but gene_olly ‘Saty sf&actory |toner | & ‘adtiesion, fwith very little
difference in.ucner aﬂﬁbs en from . . |4hat ofjtéined With the untreated
- control . _ - Based [on thesg¢ resultg, keten¢ nmultinmers are
expected to bf re efficjent sizing:agendts thanitraditignal 30
pol yneric surfade si.zing agents, |wi'thout Jthe tongr adhesifon
probl ens assom ate(ﬁ Wigith fraditidnal ketgne: dimeq Sizing| ‘agents.
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Exanmpl e 5. . ) This Exanple describes’ the use of two

2- oxet anone - -,f'",_nultlners of this invention as-surface sizing agents
Bot.h ah%, ¥h8§etene mil'timers were prepared fron1unsa§§ﬁ@@ﬁﬂzﬁz
fatty acid (no yli.c acid) and: dicarboxylic acid . m-xtures
havi ng a nol ar- ratlo of fatty -acid conponent. to di carboxylic acid-
component of 1:2.  The first ketene L It%ner was prepared froma-
m xture of - Panak[err] 131 fatty- - §@?§5§ﬁd—azelalc acid, at a 1:2

mol e ratio, and the. seconcrhkosurfaceesmednmmmrqvhecﬁﬂ éﬁ-é'—r*’ed‘h\er SHPa

~mixture of Pamaklers], mtlmerls inf ﬁk&%ﬁ?@' § gad &dwivda i plaekdidkyee
(di carboxylic act

2 nole ratjo. C Hqsed .
to-make the - printdidne euakity; H‘Br thigt ExaePyds $FHY & eé"]ter?%t% %gcgr |Hbed

in . 5 Examhc?delllssﬁtedeeucqewrmgkgae(rjpamtmes 'mgremk]dtl radntor 15
g(f)'e??ngﬁt gﬁ“gfgg sty characte ‘%'i%rt%csa‘%ersg?\é},@g@#grganlack ok ling

of the two keter@rowth and ropttiicadr densiny efebhe printed Hladednkn t Abesize
press: - d. d&’&@%\rﬁ%o&ﬁé %Q@r@eéooﬁ%%u@ﬁsﬁ%% die siRifele efizéde
ry size _

20

ari s rface :
“si zing agents weke Example 5 ﬁ‘@i%é‘&kQEY&oﬁFFﬁPg 8(1@ %R‘l% ‘f’htvﬁlj' 2 bel ow

al kenyl- - 'K@f,@llpméii ngd winde thieofoa - buaﬁaeecsamdd @aper aciReswlksupse

{ I d bed | o
g'? ;pg;g né S?C :%ﬁé)!h?{eh%agg%gl'ﬁ%g%r-z RELhIERLE cgl'?umns urﬁié’iﬁ% 2adiRg

havi ng no surfacéIBkzemgQualltY"- agent at al.l (onl y |nternal sizing as -
described bel ow) was. Black Sy QQ'déd@Q'ow@h WBEeReaSPted dby Onissual

The sur_face Si zi ng eval uat t t additi on.'l
| evel s: al kyl - k@Féﬂga‘Eﬁ%r ée]z‘l éﬁg‘ By feaEhﬁFlﬁgoiﬁgw:{%?{{% OC%S do

0.10 w %asbased epreheln\g|gﬂt1mt beyond ther prénged p;aperbqr%%% V&S e the
same addi.tion |eygl érf?e&sfg ExaQPIe ﬂMtIﬁéé@it%“ﬁrgesﬁﬂﬁafy&éd”Er si zing

agents); and | ¢.aci d copol yner; 0ﬁ 0;.15 and.
0.20 35 fmuaégeatwemelw@ﬁ & adlwesl Eé‘éeﬁaba? Cé%‘h‘%%e er"“d‘?’tnélr .
L y "Black Ink Line Growth".
' - The results shown in Table 2 indicate no.
- 20 :ISLgnlflcant dlfferences 1n black ink line growth among all

" of the _surfac_e -sized papers evaluated. Consequently, the

addi tional confrol .

.--two. ketene multimers of the present inventlon prov1de prlnt_.

) 'qual:.ty, as measured by. black ink line growth +that is
: 'equlvalent to convent:.onal surface sizes, at the addltlon
25 levels studied, but that significantly less of the 2-

- oxetanone multimer sizing agent was required compared to the .

. .SMA copolymer s1z:.ng agent.
. Black ink front optlcal den51ty values were

. _.'.'obt:alned as described in Example 3; high optical dens:.ty -
30 -  values are desirable since they indicate good quality, dense

- black ink pr:.nt::.ng The results, shown in the penultimate.

' column of Table 2, show that the ketene multlmer surface  °  .°

'sizes generally prov:.ded black 1nk optical den51ty values at

least comparable to the: sMA copolymer surface 5121ng ‘agent,

.: 35 at all levels tested_. - Paper ‘surface sized with the alkenyl

-39_
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'PCT/ US96/ 12172 .+ . sizing agent IeveIs were hi gher than t hat. used for e

. the ot her. S sizi ng agent s but are neverthel ess representative of. - _
commerci al ‘surface sizing addition rates for this well-known surface -
si zing agent . W& 9730218 - In.addition to the surface si BFRYSHHaHEs
utilized : i n the s|ze press, an. i nternal srzrng agent was al so used.
in - all ‘of the paper used in this Exanpl e: - al kenyl ~ketene di ner '

(as descri bed Ksthene wad tdgead madeansing earelaig zaemat ashéhe dicarbogyliand -

of -the paper makiig BIIVikRd %tlak':ﬁagﬁkl Sﬁéiéapfdé}ts]-lt}ﬂ-q}alues Qopabifie hased

on the wei ght . of dry i zed p e results_of these
surface sizing ¥4 aftsq r?g" W copailxmsﬁn%#%% E’t‘rFegaBIaBEE ang; ;i ng
efficienci es faforigarable to thosat €édrpaheralkaiylanetsnewdiiart herfabée are _
measured. as - e | r i h

Tror et sine B SRES 0 FRRbe SP Ui i B bLa R ORgE:
after natural 25 e fiasie amane %véhedé% copolymer sizing agerphewgfwnegdeshyl = -

ket ene nul ti mereUrdiaC &anieZ Q@evel of opt88ALMIGMAELY HIE elyBAI BRSERe | 85 Hirdg NY
over all usage Ievel - . _eval uat ed both at the reel and after aging -

for seven days,*3Rrt of %%W&P d°Bi'th (internally sized) paper that had
not. been : surface e adsulteeshown| $n oralisT zlmdngamrerehabn'qdm able -
to. . tho | k: e F age.s

and the styrene e?c“ngh M(frrihggqﬁ?g%k Ewkn# éﬁi %@luggul &Fe 55& 25
Since the SVA &®FfRSkse K measedfar aueanventlonalhpe%meaaer%%tﬁcreat es .

than the ket enegm:tg f@erﬂ:nd.ﬂi&t %@9rene/male£“: f@{hy&lﬂlfd%(le:opbl?ﬁert hese

results Indlca&? trmugéﬁ&%s requlrlng good lnkjet printing quallty

. . o ' ple 7
15 3 _*'-. - The . surface sized paper produced with the two
| ketene multimers in Example 5 was evaluated for. photocopler
'“toner adhesion 1n this Example. The same evaluation was |
carried out with the paper surface sized in Example 5 with
_ 'alkenyl ketene dlmer ahd w1th SMA. copolymer and with the
.20 non-surface slzed paper. The procedures used to evaluate
' _ toner adhesion on the paper was identical to that described_-jf”
earller for Example- 4 Results are summarized in Table 2
' above,-where photocopler toner adhesion values are reported
~in the last column. As explalned in Example 4, low values
25 indicate good toner adhesion. ' '
| ﬂ Paper surface srzed w1th the alkenyl ketene dimer
'exhlblted toner adhesion values that. were 51an1f1cantly
| worse, over the entlre addition range studied, than those
obtained w1th SMA copolymer surface sized paper or with the

30 two alkenyl ketene multlmer surface sized papers of the __-“tp'f_p
' "_:present invention. Papers . surface sized with SMA copolymer R

- or w1th the two alkenyl ketene multimer surface sizes had
toner adheslon generally comparable to that obtalned for the

L 4@.-_



ketene multimer surface sizes are nuch'nnré'efficient-;'~-' sUrféCe': SR

si zi.ng agents than a conventional SMA copol yner- 30 - - surface size. FS'--
t he Exanples which foIIOM/denDnstrate the -~ . .. alkenyl ket ene nultlners

of the present_inyv n prOV|de .. conparable- bl ack i nk&fio in
‘quality conpafgg ?ﬁggk% ... copol yner sizing agent and thg alfgﬁgﬁﬁ.'g

.Eghggseglggr3§|2|ng thbse ob?gsﬂéd ar? n?ﬁg bFLter toner adhesion results
235. - V@W%.’qucgltalnlng no surface sse e{%t hﬁﬁd§ﬂ§f§ﬁelr§dezﬁlal
PCT/ US96/ 12172 'size, as[dﬂd]all of the surface. s1zed papers) .
| - o - Use of the two alkenyl ketene multlmers as ‘surface
s121ng agents resulted in. generally satlsfactory toner
5 adhesion, essentlally similar to- that prov1ded by the SMA
' thcopolymer surface sized paper or the ‘untreated cantrols.
Based on these results,.the alkenyl ketene multimers OL the
';present 1nventlon are expected to be more efficient. s121ng
~agents than tradltlonal polymerlc surface sizing agents, -
10 -';_w1thout the toner adhe31on problems assoc1ated w1th ketene :
 dimer s1z1ng agents o

It is not 1ntended that the Examples given here
.should be construed ko 11m1t the lnventlon, ‘but rather they
_ '*T_are submltted to 1llustrate some of the spec1f1c embodlments'
18 pchof the 1nventlon ‘Various modlflcatlons and varlatlons of

_the present :mventlon can be made w1thout departlng from the =

o scope of the appended clalms
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What is claimed is: .

1. A method of sizing paper whlch comprlses
'surface 5121ng paper w1th a sizing agent that is a 2-
oxetanone multlmer that is not SOlld at a temperature of
35°C.. = ' ' '

_ '2;_ The methoo of claim 1 whereln the 51z1ng ‘agent
- is a llquld at 35°C, '

- 3. The method of c1a1m 1 where the 5121ng agent
-comprlses a mlxture of 2- oxetanone multlmers that is not
-solld at a temperature of 35°C.d

_ K The method of claim 3 whereln at least 25 .
welght percent of the mlxturn comprises the 2- oxetanone:
'mmultlmers contalning hydrocarbon substituents with
ulrregularltles, the hydrocarbon substltuents with

*1rregu1ar1t1es belng selecteo from the group con31st1ng of
'branched alkyl 11near alkenyl and branched alkenyl groups

- 5. The method of clalm 1 wherein- the 2 oxetanone - '{
'-multlmer has the formula (I) ' '

-'R/_" SN 'R/ NART e S

v: in whlch n is an 1nteger of at least 1; _

: . R and R" are 1ndependent1y acycllc hydrocarbons of
: at least about 4 carbon atoms, and ' o

N R’ is. a branched llnear or allcycllc hydrocarbon
of about 1 to about 40 carbon atoms ' '

- a2 -
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6. The method of claim 5 wherein, in the formula
- (I}, n ishan3integer"of 1 to about 20.

_ -7;' The method of clalm 5 whereln, in the formula
- (I), n 1s an 1nteger of 1 to about 8

. 8. The method oficlaim's wherein the sizing agent
'_comprises a mixture of 2-oxetanone_multimers having the
formula (I). | | |

9. The method of clalm 8 wherein, in the mlxture
of 2 oxetanone multlmers, the average n, in the formula (I),
for the mlxture of multlmers is about 1 to about 8.

_ 10. The method of clalm 8 whereln the sizing
~:;agent mlxture contains about at least 25 weight percent of
2= oxetanone multimers in which 1rregular1t1es are present in
_'R or R" or both, where the 1rregular1t1=s are selected from-

"rT;*the group con51st1ng of branched alkyl linear alkenyl and
'ubranched alkenyl groups '

- 1. The method of clalm 5 whereln, in the'formula;_'
_“':(I), R and R" are 1ndependent1y ‘branched alkyl or linear '
" alkyl. or branched alkenyl or llnear'alkenyl; -

- “'12; The method of clalm 11 whereln, in the
dﬂ7formula (I), R and R“ have about 10 to about 20 carbon
'-fatoms ' ' '

13. The method of clalm 5 whereln, in the formula'

:QfT(I), R’ is selected" from the " group con51st1ng of Cyp- Clz
o hydrocarbon and Czo‘c4o hydrocarbon

- 43 -
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_PCT/U896/12172 Exanple 6 * ¢

The surface- S|zed aper produced W|th the two . ketene nultiners in
Exanpl e 5 was% @E’a‘ged for black inkjet . - ‘printing quaPCTFSPH2R; s -
Exanpl e, USIng a Hewl-ett Packard 5 Mbdel 560C Deskjet[err] inkjet
printer. .Two |nkJet pri nt : uallty characteristics were neasured: -

“black ink line gr dt-h The BBFh@‘éIOfdéﬁs?J{“yléf whegepp, ntBAERE ack i nk.
-The - S&I’T’Ef&diﬁlll@t(llqr] WAS @Akl beshehEd \Wrt r&ltlli?cﬂaﬂehyaﬂbémﬁl zed

I-n Exanple 5 with al ke ene dj d wi,th SMA 10 copol yner and. -
with the non- sif ?aﬂ§;§$%@5 ggpéP L?@éuf? fen atoms. summari zed in Table
2 in the two col unmms under the headi ng - " I’lkj et Quality". :

Bl ack ink line growth wslsrma%%@eﬂebuoalépaélam 13 whavahHat ianceé line
gmmﬁhbyfemhmwn%orVMCMn ol

formila (I), R’ 1s. a llnear alkyl having about 4 to. about 8
carbon atoms. S ' '

_ 16. The method of claim 8 whlch further comprlses
preparlng the mlxture of 2- oxetanone multlmers from a
| 'fmlxture of an unsaturated fatty acid mixture and a
-'dlcarboxyllc ac1d '

'17, The method of clalm 16 wherein the fatty ac1d
:ls selected from the group cons;stlng of oleic, llnolelc,
:llnolen1c, palmltolelc, andlnlxtures_thereof

18. The method of clalm 16 wherein the
: dlcarboxyllc acid is. selected from the group con51st1ng of
. .azelaic aciqd, - sebacic acig, oodecanedlolc ac1d a fatty ac1d'
';dlmer acid and mlxtures thereof

'19. The method of c1a1m 17 wherein the_f L
"h.dlcarboxyllc acid is selectea from the group consxstlng of -
azelalc ac1d, sebacxc ac1d aodecaned101c acid, a fatty ac1d.

f_;dimer acid and mixtures thereof
_ 20. The method of claim 1 Wthh further comprlsesf
hadclng the’ surface s121ng agent to a size press in a
papermaklng process
| 'izi.j The method of clalm 20 whlch further'

fcomprlses addlng the surface SlZlng agent to the sxze press '“ B
g in an amount suff1c1ent to prov1de at least about O 0025 wt’ -

- a4 -
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Tabl e 2 above,:.under.the col unm headi ng - "Bl ack I nk Lire G owth"
Theé results shown .in Table 2 i nd| cate no 20 . - significant gb{‘ﬁxﬁsﬁﬁfﬁs in

‘bl ack ink Tine Qr’J(RPH ‘among ‘al I - - of the surface-sized papers
eval uat ed. Cbnsequently the ,; two ketene multimers of the present.

i nvention provide print_. al it slllz%gk Iy gr| ine
growth, that is sizing a%‘?ﬂﬁ'va?aeﬂ%l% gBﬁ eangﬁénL&F 1%/ace S| zeg3 at the:
addition 25 - pi:eaed:edstudl ed, but that Si gnlflcantly | ess of the 2-

oxet anone mul tiner sizing’ agent was reqU| red conpared to t he. SVA

copol yner sizing agent. . Bl ack: i nk fro caI

val ues .were - - obtai ne¥ asTl't%wFF“Eédc’Fncﬁla‘Frﬁt rl"nfgﬁ: 5] cgﬁg,?t;gs o
~density 30  vahuengasR fesdrmbl eivingeabbry todpamte Good sudkomy whighse
‘black ink printin EFhe resul t shown in the penultinmate colum -
of Table 2, showt RaP3PRE kBt nul ti ner. surface - si zes general |y -

pr oVi ded bI ack i nk optical densi ty val ues at - ~_ "least conparable to

the SMA copol ymer surface %éz' Qtf‘efltmde‘éf clallﬂtZ@-l‘bhéﬁﬁ.&l *Heednedrnal
Paper surface sized with tfie’al ken

WO 97/ 30218 sizing agent is selected from the ﬁ%ﬁ?ﬁtgﬁﬂeﬁffﬁfg of alky§
ketene mul timer. m%@%nﬁsaﬂﬁeﬁzeafkilEMBUin&Smthlderarbbkqmyl;ketene dimeird

provi-ded bl ack ink. optic ensi ty, v e Oznhydride,! RA%@nkor
Pho. S copol yrer aiiivc BecPa i AP BLEE g oy e;t:those“ o

the al kenyl ket ermatiimec euhirdz;ede, rosin and mlxtures thereo

24. The method of any of claims 1 to 23 which

tafurther comprlses preparlng the. 2- -oxetanone multlmer or

B mixture of 2-oxetanone multlmers from a reactlon mixture of 1,..;

fatty acid and dlcarboxyllc acid in a mole ratio of from
about’1:1 to about 1.5_fatty_ac1d to dlcarboxyllc acid.

25, The method of c1a1m 24 whereln the mole ratio- “'JT

"1s from about 1:1. 5 to about 1:4.

26., The method of clalm 24 wherein the reaction _
ﬂ_mlxture contains a molar excess of dlcarboxyllc acid up to a;t.'
3 mole.ratlo of about 1:5 fatty acid to dlcarboxyllc acid.

: 27.. The.method of claim 24 wherein the_moleeratto;-:t
'"gﬁ._iefabout 1:2. o '
' 28_.'. Paper surface sued with a sizing agent that

- is a 2 oxetanone mult:.mer that is ‘not solld at a temperature

| ,"_--fof 35°C.

' T29. The surface 51zed paper of clalm 28 where1n )

R the 51z1ng agent is- a llquld at 35°C

This Sheet Has Been Re
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5. sized paper over the range of addltlon anount s cal cul |
‘As before, nore of the SMA copol ynmer sizing agent ‘was needed mm”"‘"f“l“mlmm f
-sane | evel .of optlcal density achi eved by the sizing - agentc of =
“invention. “: The.results shown in.Table 2.indicate that:the
10 keten‘\!oﬁm@iher surface sizing.agents evaluated are RGEYSI6/12172
- effective repl acenents for a convent i onal polynerlc surf ace ' S|Z|ng
agent |ike styrene/ mal ei. ¢ _anhydri de copol yner, for ‘paper _gr ades
requiring good i nkj et pr:,m,t, e e Pl tay:e sized paper of claim 28 whérein

Exanple 7 15 the sizing ageﬂila:cswrflaee =Y mdtﬁaeeéf Pz asienethoniet h the two

- ketene mul'tinmers,pn Exa 5. was..eval yat e hotoco |er o ~ toner ..
adhesion in tht“gltéiﬁﬁﬁ?g@h“rh’es sr%?rﬁe sé’\}é ulti Sn{:'ﬁggeratu fca’rsr |Ced out with -
the paper surface sized in Exanple 5 with .~ alkenyl ketene di mer and

with SMA copol ymer and wyih g %erface ggegﬁegég&e éf  RPRY wheTBSn

procedures used to evaluate n-on e paper was -
identical to tRht1l@askr?peteight perc&glq Pér ther MEXEWEE eCQI“Pr1R§§uItP§ are

sunmari zed in dsbts&ndne multlmé&m\tﬁ)nt\&'iﬁfiﬁgph95966§rl@d5nt@.ﬂfs’tmﬁﬂéﬁ&soﬂlth

‘val ues are reporte st -col um ai ned in Exanple 4

| ow val ues 25 rreg}zﬁarttd{.%s or%be f’ﬁ’ﬁ%ﬁ’%&ﬁ’&& Hbs@‘ftuer?ts wi % - Paper -
surface sized Mtrhgtlheratkeaybem ared editedr from the grdumicardistisg of '
adhesion val ueg Lhghe¥ehgipi 9n1tﬂéantalmeny1 and VPERGhed VRIS §RLLES.

-addi ti on range studied, than those. . obtained wth SMA Copdl yner _
surface sized paper or with the 300 two al kenyl ketene nultimer surface: -
si zed papers of the 32. prleé;&rttrﬂata:\eelstuze& papapess slgimace sheedimith
SVA copolyrrer |_ke tiner surface sizes -
had = 1 rtt'hfa adﬁeggé}r%%gn% "\),/&cglr?%arga Ieg%ﬁ‘q%hnﬁ)obt ai ned for the R

in whlch n is an 1nteger of at least 1; _
R and R" are’ 1ndependently acycllc hydrocarbons of.

at least about 4 carbon atoms; and _ _
R’ is a branched linear or allcycllc hydrocarbon'
: of about 1 to about 40 carbon atoms

_ - 33.. The surface s:.zed paper of claim 32 where:.n,
in the formula (I),'n is an 1nteger of l to about 20

b:34. The surface sized paper. of claim 32 whereln,

in the formula (I), n is an 1nteger of 1 to about 8
.-_ 3s. The surface 51zed paper of clalm 32 whereln “~'""

the 5121ng agent comprlses a mixture of 2-oxetanone -
1-mu1t1mers havxng the formula (I)

- 46'-
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\é\gggr?: ?gﬁtlgr r1| nrj no surf ace s| ze (but | nc‘I .udr ng anplcrlff grsggll 12ﬂim|| ml"l“" “Iug“ |I||
id a

of the surface si zed. papers) 2 - Use of*th
‘al kenyl ketene nultiners as surface o si zing. agents resu o
‘general ly sati WQB821$ toner 5 . . adhesion, essentiall y si n‘%&g&swzf’ﬁat
provi ded by the_SNﬁ ol ~copol yner* surface si zed paper or the untreated
controlss. - - 'Based on these results, the. nybt yABEei R
the . present inventitn 3¢ Sp&ersds f‘Be eEl>< e ef %?rennt S1Zing.

“agent s ‘'t han tradhhl@Hé'mi&&uﬁﬁﬂdﬁ325@kbaaaonezmmbt5@ﬁrﬁé;thﬁOaveragﬁnPhoﬁ?
t he toner adhesr opl pr obI st {a{s)socfoal ‘f‘ﬁ’; %Eggggé?ﬁ@ mulclmersdh@”eébSUEl mgco
ende

agents. - not at the Exanples gi ven here
shoul d be constrasdutosll mt the |nvent|on but rather they. are

submitted to.illustrate some of the specific ehbodlrrents 15 of the . -
i nvention, ~ Various nodifications and varratro S Q5PLReeRtn -
dﬂb’arsﬁ rF@c:ler pgper of cla:.rrnh

i nvention can be. nade wnth%ut pe. of the
' appended C|a|”5 the sizing agent mixture contalns about at least 25 welght

percent of 2- oxetanone multimers in which irregularities are

present ‘in R or R" or both, - where the irregularities are
selected from the group conSLStlng ‘of branched alkyl 11near_
: alkenyl and branched alkenyl_groups

: '38;: The surface 51zed paper of claim 32 whereln,
'1n the formula (1), R ‘and R" are 1ndependently branched
alkyl or. llnear alkyl or branched alkenyl or llnear alkenyl.

.39. The surface 51zed paoer of ‘claim 38 whereln,
" in the formula (I), R and R" have about 10 to about 20 -

: carbon atoms

"40; The surface sized paner of claim 32 wherein, )
. in the formula (1), R’ is selected from the group con51st1ng:pp_

_of 02 C12 hydrocarbon and Czo'c4o hydrocarbon

41. The surface,sized paper_of_claim_40 Wherein,'fj
in the formula (I), R’ is a branched or ali_cycif.ic-
 hydrocarbon having abOut_za to about 32 carbon atoms.

~ 42.. The surface sized paper of clalm 40 whereln, p;-ﬁ.
. in the formula (I), R’ is a 11near alkyl hav1ng about 4 to

fhfabout 8 carbon atoms

-43; The surface szzed paper of clalm 35 Whlch

-further comprlses preparlng the mlxture of 2- oxetanone A

- 47 -
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-41- - VMat is clalned i s ..o . 1. A nethod

~which conprises surface. sizing paper with asizi ng agent tﬂ“l“l mllmllﬂﬂmmll
2-oxetanone .multiner or a nixture of 2-oxetanone multiners that its M gaid

at a tenperature of .35[err]C that is prepared fronta reactlon m xture .of -
fatty acid and”ﬂ?ﬂﬁpﬂbxyllc aci-d having a molar - excess of ACHBEHIc

aci d. : 2. The met hod.of claim1 mhereln at Ieast 25 wei ght
percent of the “Wﬁture of oxet anone  multiners ¢ 2- oxetanone

Tl £1mer s cont kg Ry ar GERLor CEEE Péeﬁtsuvﬂﬁméesde ety acta”

mlxture and a dlcarhoxyllc a01d

_ _f44. The surface s12ed paper of cla1m 43 whereln
'the fatty acid 1s selected from the group con51st1ng of
. olelc, llnolelc, llnolenlc, palmltolelc, and mlxtures
;thereof E ' o '

_4St. The surface 51zed paper of clalm 43 whereln
'the dlcarboxyllc acid is selected from the group con51st1ng
of azelaic acid, sebac1c ac1d dodecanedlolc acid, 'a fatty L
"’:ac1d dlmer acid and mlxtures thereof

_ 46. The surface Slzed paper of clalm 44 whereln_j7
the dlcarbOXYllC ac1d 1s selected from the -group consrstlng.f= L
,.of azelaic acid, sebacic ac1d dodecaned101c ac1d a fatty :

’ffac1d dlmer ac1d and mlxtures thereof

' 47, The surface 51zed paper of clalm 28 whlch
'further comprlses an 1nternal 5121ng agent

48. The surface sized paper of . clalm 47 whereln:*
gthe 1nterna1 5121ng agent is selected from the group _,._':
._conslstlng of alkyl ketene dlmer,.alkyl ketene multlmer,'
-“alkenyl ketene dlmer, alkenyl ketene multlmer, alkyl

succinic anhydrlde, alkenyl succrnlc anhydrlde, ros1n and

_mlxtures thereof

_ 49. The surface 51zed paper of clalm 28 whereln
*jthe s121ng agent is present on the sized’ paper in an amount
'of from about 0. 0025 wt% to abou _0 5 wtf,_based on the

lf'welght of the dry s1zed paper . ' ' '

RSPt
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inpeguarities; the by 882‘2?2?. ﬁ3b2¥ ! ”SPLﬁCWeéharkL{ r e??LilllﬂllTlﬂﬂlﬂllﬂllllllll

br anched aIkenyI ‘groups.. St L The nethod of ¢

| clairi1%hé

2-oxetanone multli mair ‘has the for rruI a- (I) lerr] - PctmsyJuez‘;dg inhe
i s an integer BPOYPHBast 1 . Rand R[err] are i hdependent ly
acyclic hydrocarbons of Ieast about 4 carbon atons; and R

is a br he i -
: branched, |inear Or.§U| C% gup 9 riga1 Rber %QOulaimtmsa&memerﬂ)
carbon atons. i m 3 wherein, th
- formul a (1), nthe mpemu@@el@ptedt 51'9‘Bd‘the gyoup consrst:l.ng o? pager5 _
IgeégghPog of Chéw@%f&ﬂ!“”pﬁdbrbbarahﬁn&Omémdéﬂ pager nis .an |nteger of 17
o 51._ The surface 51zed paper of claim 28 whereln
' the paper is selected from ‘the group cons1st1ng of .
continuous forms bond paper, cut’ copy paper, envelope maklng
paper, offset - prlntlng paper, 1nk3et prrntlng paper and

addlng machlne paper.

: 52 The surface ‘sized paper of any of claims 28
.to 51 which further comprlses preparlng the 2-oxetanone
multlmer or mlxture of 2-oxetanone multlmers from a reaetion
_mlxture of fatty ac1d and dlcarboxyllc acid in a mole ratio’
of from about 1: 1 to about 1:5 fatty ac1d to dlcarboxyllc

. acid.

53; The surface 51zed paper of claim 52 wherein .

:'the mole ratlo is from about 1: 1 S to about 1:4.

5 _ '54. The surface ‘sized paper of claim 52 whereln

" ‘the reactlon mlxture contalns a molar excess of dlcarboxyllc_f
'i?ac1d up to'a mole ratlo of about 1:5 fatty ac1d to
ﬁ?dlcarboxyllc ac1d

55. The surface slzed paper of clalm 52 wherexn
the mole ratlo ‘is about 1:2. '

_ '56 A 5121ng agent which comprises -a 2- oxetanone o
-_multlmer that 'is not - solld at a temperature of 35°C and that“::
'?ils prepared from a reactlon mlxture of fatty acid and o

hfﬂdlcarboxyllc acxd havxng a molar excess of dlcarboxyllc

3 aold ' ' '

o 4.9.,.._ :
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6. The rret hod of cI ai m3 V\herel n the si zi ng agent - m xtur

mul tifers contains about at [east 25 swei ght . percent. of 2- $“ﬂlﬂﬁ“ﬁﬂﬂ"ﬂﬂfﬁﬂ"
.nultlners in_ which |rregular|t|es are-present. i-n R or R' or both, Where*
~the |rregul ar|t|es are selected fromthe group.- conS| Stl ng of. branched
“al'kyl; 1inearWQI9%@$%% and branched alkéenyl ‘groups. " . - PCT/U§96/1217R e
nethod of claim3 wherein, in the formula (1), R and R' are |ndependently
br.anched aIkyI or linear aIkyI branched aIken%I or _Linear, alkenyl.

8. "The nethod of claim? \AhelTBFnSl?’rPQ Rgensy Al £1adm) S6RWRRgh RS 1Byye about
10 to about 20 lGaplieh akt GSBC. 9. The nethod of claim3
wherein, in the formula (1), :--|s sel.ected fromthe group consisting of
Cerr]-Cerr] hydrocarbon and C20- C40-.hydr ocar bon : 10. . The
~method of claim9. wher ei B8.i nThhesizinglagent pf Rlaim s6bvherdtethersizing

alicyclic hydr %ﬁ@gsagoﬂixéﬁke %?3iﬂg%gta%%n@ahQQElﬁéPQBthat is

11,  The net.hod "of cIa wherein, I'nt formula (1), Is a linear o
al kyl having élﬂfuts%ltdo a&b&uﬁeﬂpﬁaﬂ)‘tﬁﬁ &b ~ 12. = The nethod
of claim1 which further conprises prepari ‘ng the m xture of 2- oxet anone

‘mul tinmers froma mxtureQf ap,unsa ted fatty I X}
dlcarboxyllc acid. §§ The 51£ éiagent of cﬁ%lﬂ gb gefg é‘least

25 welght percent of the mlxture comprlses multlmers_
-_'contalnlng hydrocarbon substltuents with 1rregular1t1es, the-f
‘hydrocarbon substltuents w1th lrregularltles being selected
~ from the group con51st1ng of branched alkyl linear alkenyl

and branched alkenyl groups

60. The 5121ng agent of claim 56 whereln the 2-
o oxetanone mult1mer has the formula (1) ' '

oo T
N—o | Yo

-'ln which n 1s an 1nteger of at least 1; _
R and R" are 1ndependently acycllc hydrocarbons of
at least about 4 carbon. atoms; and _
: -_R’ is a branched “linear or allcycllc hydrocarbon .

:of about 1 to about 40 carbon a*oms

'_'61; The 8121ng agent of cla1m 60 whereln, 1n the )

fformula (I), n lS an Lnteger of from 1 to ‘about 20.

| 62. . The 5121ng agent of claim 60 whereln, in the

formula (I), n 1s an lnteger of 1 to-about 8.

...__.5.0 )
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t her eof . - 140 The met hod - of claim 12 whereinx
_dlcarboxyllc a el ected from the group consisting of azelalc aC| =
sebaci ¢ ‘aci d; g%ﬁ@@%ﬁ%ﬁlOlc acid,. a fatty acid . diner acid- and ke '

t her eof-. The net hod of clai m 13 wherein: the dlcarboxyllc

acid is selected frontthe f oup, consi s el gle a i ci-d, B
dodecanedi oi c ‘acid, a. fattygamgh i Fbft %gf%§%5% %ﬁlxtﬁﬁgsgPh %ﬁ& éhéi
16. The met hod csflz:m@ mgemts,hr:otnpruseaea iorprries of addxﬁganheesrwhamers

-si zing agent to S ol p r maki ng process. 17. The.
met hod of claim: %u?? eﬁﬂgoﬁgflses addi ng .t he surf ace - si zi ng ‘agent -

to the size press: |n an anDunt sufficient to provide at |east about 0.0025
wt % si zi ng agent, . based onsuhe ThigbizDig dgers bafdcpamerspranafeﬂh,- in the -

18. The.net hod of ¢l.alam ich_further gonprise inte-qg
si zing agent to ﬂgp “IFbF#|?E°FFBﬁP$ﬂe e #%ﬁxﬁaper g A e
o : fo:mula_(I) for the mixture of multlmers is about 1 to
“about 8. ' ' I '

. 65. The SlZlng agent of claim 63 wherein the
'73121ng agent mlxture contalns about at 1east 25 welght_'
c'percent of 2- oxetanone multimers in whlch 1rregular1t1es are'h
.present in R or R" or both where the irregularities are - _
]a;selected from the group ccnSLStlng of branched alkyl llnear S
'_alkenyl and branched alkenyl groups SR

_ " 66. The 5121ng ‘agent of claim 60 where1n, in the
.7;formula (I), R-and R" are lndependently branched alkyl or
:-_llnear alkyl or branched alkenyl or linear alkenyl.

, , 67. The sizing agent of claim 66 wherein, in the
";formula (I), R and R" have about 10 to about 20 carbon o
5fatoms ' - ' S ' '

68. The 5121ng agent of claim 60 whereln, in the
formula (I), R"ls selected from the group consmstlng of Cz
”Clz hydrocarbon and C20-040 hydrocarbcn

-69. The szzlng agent of claim 68 whereln, in. the_:'”
e formula (I), R ;a branched or allcycllc hydrocarbon
'=]fhaV1ng about_za_to about 32”carbon atoms..

'j70}- The slzlng agent of clalm 68 whereln, in - the

_-_formula (1), R’ is a linear alkyl_havlng about 4 to about §
carbon atoms : ' S . R -

= 51 -
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- al kenyl " ket ene dlnerﬁ.alkenyl ketene,nuLtiher;.alkyl-su00|n|c an
-al kenyl ~ succi ni'c_anhydride, rosin and mixtures thereof.
The met hod of WRRB@M8 cl.aims 1 to 19 which further: conprises W”é‘%?ﬂilﬁ@lthe
2-oxet anone mul timer or m xture of 2-oxetanone nultimers froma reaction
m xture of fatty acid and dlcarboxyllc aci-d containing a nolar excess of-
di carboxylic acid up to.a nol'e ratio of about 1:5 fatty acid to :
dlhcar bloxyl ic acid. . _nb The sizing aégm;Tbe 8k be ds Dfwind v im 2:(D1ev\:herﬁ| n
the nmole ratio_,_js.fro qut 1:1.5 t about 1; e
met hod of.clalﬁffégﬁﬁe?é? ’oﬁ?ﬁ?qﬂﬂ R e u?pﬁfig trom a &%%turl
Paper. surface sfzad wsaturatiesd rf@t&g'emcmhau.xmreaa@do&edmwitd mer . or
a mixture of 2jgxgtanone nultinmers -that is liquid at a tenmperature of
35[err]C that s prepared from a reaction mixture of fatty acid and
di carboxylic acid having ‘a nolar excess of dicarboxylic acid.
24. The surface sized paper e Widifig2ageher 8ENcBaim 71 wherein the

fatry acid is selected from the group con51st1ng of oleic,

19 The nethod of claim 18 mhereln the |nternaI.Sizingiagen ;
fromthe group consisting of alKkyl ketene diner, alkyl ketene mﬂ”ﬂ m“‘ |““| ,
de, s o+

- linoleic, linolenic, palmitoleic, and mixtures thereof.

573;. The 5121ng agent of clalm 71 wherein the
dlcarboxyllc ac1d is selected from the group con51st1ng of
azelaic acid, sebaczc acid, dodecaned101c acid, a fatty-ac1d

gdlmer ac1d and mlxtures thereof

"74.' The 3121ng agent of clalm 72 wherein the '
dlcarboxyllc acid is selected from the group consisting of
‘azelaic acid, sebacic acid, dodecanedlolc acid, a fatty acid
'dimer'acid and'mixtures-therecf.g |

o 75. ‘The 5121ng agent of clalm 56 whereln the

2- oxetanone multlmer is a surface 51ze

76, The sizing agent of any of " clalms 56 to 75
whereln the reactlon mixture of fatty acid and dlcarboxyllc
acid has a mole ratlo of from ‘about 1 1.5 to about 1z 5 fatty h

- acid to dlcarboxyllc ac1d

X The 51zlng agent of clalm 76 whereln the mole_ 3

-ratlo 1s about 1:2.

: - _.52_-......



1east 25 wei he mi xtur e of 2-oxetanone nultiners conprises
‘the 2- oxeta “ﬁﬂ&i HE nt ai ni ng;, hydrogcarbon substituents,with .
|rregular|t| bon subStltuents W -t h 1rregu|arrt4es bei ng

‘sel ect ed fron1the gr oup conS|st|ng of branched--al kyl, I'i near atkenyl and
branched al kenyl groups. - 25. - The surface si zed paper of -
cIa|m23Vmas:ens]ctIH.mﬁmﬂa¢anone fmul tiner has the fornmula (1) S
ferr] .. in:which nis an integer- of at | east 1; ' R and R' +
are- |ndependently acycl i c ‘hydrocarbons -of | east about 4 carbon atoms; .
cand. - s RUistal b‘kamﬂiaﬁ af r@azrlrtg mpﬁwo*hmlhmrrmm sfrfmait 1
to about g ?Hbéirt %@th a sizing agent tha?t6 is & WS 2ed paper of

.cIa|n125
: -multlmer or- a mlxture of 2- oxetanone multimers that lS 11qu1d

'fat a temperature of 35 C that is prepared from a reaction. _
,1m1xture of fatty ac1d and dlcarboxyllc acid hav1ng a molaripj'
: 'excess of dlcarboxyllc ac1d '

_ - The method of clalm 1 whereln at 1east 25 welght
_percent of the mlxture of 2- oxetanone multlmers comprlses the.’
C2- oxetanone multlmers contalnlng hydrocarbon substituents w1th

1rregular1t1es, the hydrocarbon substltuents w1th
plrregularltles be1ng selected from the group cons1st1ng of

~branched-alkyl, llnear alkenyl and.branched alkenyllgroups..

3. The . method of clalm 1 whereln the 2 oxetanone
multlmer has the’ formula (I)

)

- in Wthh n 1s an 1nteger of at- least 1 _

'R and R" are 1ndependently acycllc hydrocarbons of
nat least about 4 carbon atoms, and '
'_ R' is-a branched -llnear ‘or allcycllc hydrocarbon of
about 1 to about 40 carbon atoms ' '

4. The method of c1a1m 3 whereln, in the-formuia o

(I), n 1s an 1nteger of 1 to about 20

REPLAGE o
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n ©27. The
I ger of 1 to about 20.

tSLuref ;g{amsjl ?e mmﬂmﬂ 25 V\/nerel n,.in the fornula (1), nis an I
‘integer of 1 fo @bdut "8. * _ 28.° - The surface si'zed paper of claim
.25 mﬁereln t he 'si zi ng agent mi xture. of 2- oxetanone nultlnerﬁ contalrgra?ogg 3
o east 20 el gnt Berconl keRogEEAnIRtTY LUTEESn "u"LRR Seredted [ b

R.or R 0 g
?hg g;gagngthsﬁ?nGnoPnEFEEEheé &l kgl abpune@r al-kenyl and branched al kenyl

_ ‘The surface sized paper. of claim 25 wherein, in
‘?hguPzrnula (1) - are |ndependently branched ‘al kyl - -or | i near alkél
_branched aIkenyI Eﬁﬁeﬁ?tﬁPﬁeﬁ§|Clalm 3. wherelﬁothegbfz oéﬁéﬁolfg
' av
ggggﬁ{ of miaturégoﬂheFekétanﬁnéhﬂui@iﬁ@ré é%%tggéga%% St 2 1otk 2% ol ai m

25 mhereln Pﬂgre%?ﬁu?g %T?xe¢?n?%egﬁmb%¥mﬁr$r:mnWhmcmroup con5|s%kng Qf,]hf
Clerr]- C[Jewqglhydrntaeboan:arﬂréé’éh% hy g PC@Le&fU bot e

- | ai-m wherein, 1nt ornu a"(kﬁreF'i‘hefs a: .
branched o T ROl R g % e et sthvA T g et o bon onfs -
~33.°" The buanched si Yoyl pahirtean - @11@@13%@ el dbndd) .-Hk ycirrru a R. 13

group
a Ilnear aIkyI haV|ng about 4 to about 8 car 0on at ons

7;- The method of clalm 3 whereln, in the formula

"(I) R and R" are 1ndependently branched alkyl or: llnear alkyl
or branched alkenyl or llnear alkenyl

o 8. The. method of clalm 7 whereln, in the formula-
i(I)? R and R" have about 10 to about 20 carbon atoms

-~ 9. .The method of cla1m 3 whereln . in the formula B
(I)'-R' is selected from the _group cons1st1ng of C2 Cia
hydrocarbon and Czo -C40 hydrocarbon B .

10. The method of clalm 9 whereln, ‘in the formula

'(I); R' is a branched or allcycllc hydrocarbon hav1ng about 28
to about 32 carbon atoms R )

,11;' The method of clalm 9 whereln, in the formula :

- (I), R' is a llnear alkyl hav1ng about 4 to about. 8. carbon
~atoms. ' ' '

12, The method of c1a1m 1 whlch further comprlses
-preparlng the mlxture of 2 oxetanone multlmers from a mlxtureV

. of an. unsaturated fatty ac1d mlxture ‘and a dlcarboxyllc ac1d

"313.- The method of clalm 12 whereln the fatty ac1d _
. is selected from the group cons1st1ng of. OlelC, lanlelC,

'_llnolenlc palmltolelc, and mlxtures thereof

1 REPLACEA&ENT SHEET - ;_{ ' . . N
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34, The su of clai'm 23 which further conprlses preparlng
- the m- xturel ﬂm"m gﬂIREPLACEI\/EI\ﬂ' SHEET = cmultiners,_froma
~mxture of am unsatumate atty acid mxture and: a dlcarboxyltc acid. -
;35 The:surface sized paper of claim 34 mhereln the fatty acid |s selected
fromthe group con5|st| thf oIe|c | i nol.eic, linolenic, alntt e|c and

m xtures ‘thereof . 1 e method ‘ofh £ 1340 % @ﬁ%ﬁﬁfﬁ) HreaqRaay K[

vvhelrel n tattetddilraLM@éwd aﬁr&nlt&léﬁglgﬁhﬁcbdr{ﬁﬁﬂi@ WOWealRnd ey, of

- azel ai ¢ aci sebacj ¢ a odecane IOJ | a fatt cid diner acid and
ixtor s ool acid, Bodeca RN RAY, & My Hid Bincy G4, rs%
fmhereln tﬁEkﬁhﬁéﬁtKhé&é@faCId i s selected frontthe group conS|st|ng of o
-azel ai ¢ acid,” sebacic acid, dodecaned10|c acid, afatty acid diner acid. and .

mioxtures. thereof - -7 88..°The surface sized-paper of claim23 .
mhlgh further. conprlses TﬁeIméﬁﬁdddoﬁldlaimEEEHWhereln the dlcéﬁboxﬂiEt

. su .

o ' ace SIZ%Q:Paperlectgdafrometﬁgugfgdp céhs1st1ng of azelalc ac1d

SRR "sebac1c acid, dodecanedlolc ac1d ‘a. fatty ac1d dlmer ac1d and

"7:ym1xtures thereof

16;y The method of clalm 1 Wthh further comprlses o
'tz_addlng the surface 5121ng agent to a 51ze press 1n a -

'-cpapermaklng process

' 17:_ The method of c1a1m 16 whlch further comprlses
e yf"addlng the surface 5121ng ‘agent to the size press in an amount
fsuff1c1ent to prov1de at least about 0.0025 wts 5121ng agent
_ based on the welght of dry s1zed paper produced

_ _ 18 The method of cla1m 1 whlch further comprlses
”addlng an 1nternal 3121ng agent to paper furnlsh from whlch

hthe paper is made

_ 19. The methodtof-claimiis"wherein the internal .
,siiing'agent is'selected from the group consisting of alkyl"
-_ketene dimer, alkyl ketene multlmer,_alkenyl ketene dimer,’
aalkenyl ketene multlmer, alkyl succlnlc anhydrlde, alkenyl

succinic anhydrlde, rosin and.mlxtures thereof_.

_20Z The method of any of clalms 1 to 19 Wthh |
further comprlses preparlng ‘the 2 oxetanone multlmer or
.f.mlxture of 2- oxetanone multlmers from a reactlon mixture of
'gfatty acid and dlcarboxyllc a01d contalnlng a molar excess of -
'_dlcarboxyllc acid up to a mole ratlo of about 1:5 fatty ac1d

- to dlcarboxyllc ac1d

REPLAGEMFNT EE‘t '_ -
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‘ ' ket ene

i Nt ected fron1the group con5|st|ng of al kyl
e s 2 s 0 o i oene
oulti] yIk | “succi'hi & anhydrlde alkenyl succinic anhydride, rosin and
mul timer, alkyl su 7 40. " The surface sized paper of claim 23
‘mxtures thereof. = .. .

n an anmount of from .
wherein the sizing agentThé ﬁ@@ﬁﬁﬁﬂofﬁbi qns d | L y m-
“-about 0. 003 ]yx&g/oab al?oft .5 W% base :if% q@%’f%’rﬂ e Rleirsptioe -

N Eﬁf%ﬁ%ﬁ%lkeﬁ paper of claim23 wherein the
Per” " t, paperboard
tin of aper, newsprin pap
gﬁgeLD:ZezeL:;efd ffOﬁ]the group con5|s I g . P 22 "The - surface si-zed

paper of clai m 23 vifer ei The t“l’*%}iﬁ%@pé?f |C51851én s ethdraim i §Hole GAS St ing
:fof cont i riowbodtorns2 bond paper, cut ‘copy’ paperd egéehgpe ggghpgepgggér

: t printin aper,. i nkj et - printing. paper and a : T

_ngseThg surfagepsted paper-of any of claims 23 to 42 which further

.conpri.ses preparin@3.he P&pmets&&(f&%ems&tz'e@'%ut@f ams)itzlirn% g.]:_:;e%tmt Eazti:n?.rse--
”U|t|”9r% Er@@é%aﬂgﬁg'ﬁdlﬁyﬁg%ubg 2 Mixture of 2- oxetanone multlmers
_ _that is liquid at. a temperature of 35 C. that is prepared from : _
'.5fja reactlon mlxture of" fatty ac1d and dlcarboxyllc acid hav1ng_'f“'
:a molar excess of dlcarboxyllc ac1d ' S

o - 24 The surface 51zed paper of clalm 23 whereln at
least 25 welght percent. of the mlxture of 2~ oxetanone o
i;;multlmers comprises the 2 oxetanone multlmers contalnlng
.-hydrocarbon substltuents w1th 1rregular1t1es, the hydrocarbon
'substltuents with 1rregu1ar1t1es belng selected from the group
7fcon51st1ng of branched alkyl llnear alkenyl and branched o
-alkenyl groups ' o

_ f'25,' The surface s1zed paper of cla1m 23 whereln the:
2- oxetanone multlmer has the formula (I) |

L

_ (I)

rf_ln whlch n 1s an 1nteger of at least 1 Co _
. ‘R and R" are’ 1ndependently acycllc hydrocarbons of .
at least about 4 carbon atoms; and

R' is a branched llnear or allcycllc hydrocarbon of-
about 1 to . about 40 carbon atoms )
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fatty acid aci d containing:.a nol ar excess of _dicarboxylic

aci-d up to Enmrm“m“ﬂmﬂl‘lmmut 1:5 fatty acid : to dicar boxyl ic acid. o
44 The surface sizdd paptr of cIa|n143 wherein the nole ratio-is from ..
about 1:1.5 to about 1:4. = - . 45, ~The surface sized paper of claim-
43 wherein the nol gg atifhd $138%Ule LiZed paper of cl48m 2% %}l'@r‘&.rﬁge:ﬂ{

whi ch conprises a 2-oxetanone nultiner ora m xture of 2-oxetanone’ o

mul ti mer $hehdormla qulild & 3 @dhpditadate o BET 3L 2% i s prepared from

~a reaction mxture of ‘fatty acid and di. carboxyllc acid havi ng a nolar - '

~excess ‘of .di carboxylic acid: '- The_-si. 2| ng.agent. of claj m46 -

~ vherein at |east 2%7%wei étr'h.e p’%%‘rrf@rﬂe (ﬂ‘lztense HﬂB&lhr%f SFlakm, W%ﬁ.ﬂ tlrrhers
conpr i segHaulgdARI CONtAIMINg diy dretdionsubsid taRafts aiith -~
irregularities, the hydrocarbon substituents with’i rregul arities bei ng

. selected fromthe group consisti’ ng of . branched al’kyF,- linear al keniyt- and
_branched alkenyl ENZBUﬁSThe surface s1zed paper of clalm 25 wheréﬁh the

s121ng agent mixture of 2~ oxetanone multlmers contalns about ST

at least 25 welght percent of" 2- oxetanone multlmers in whlch
_r.lrregularltles are present in R or R" or: both where the
f;-lrregularltles are selected from the group con51st1ng of R

. br_anched alkyl, la.n_ear alkenyl and _branched alkenyl groups.'

_ ' 29. The surface s1zed paper of clalm 25 whereln, 1n_ |
f:ithe formula (I}, R and R" are- 1ndependently branched alkyl or

o llnear alkyl or branched alkenyl or llnear alkenyl

| 30. . The:surface'sized paper of'claim 29 Wherein}'in_f'
the formula (I), R and R" have about 10 to about 20 carbon .

. atoms

31, The surface 51zed paper of clalm 25 whereln, in -
'the formula (1), R 1s selected from the group con51st1ng of

-

-Cz -Cq2o hydrocarbon and C20 C40 hydrocarbon

32. The surface'sized'paper of claim 317Wherein,'in:
the formula (I), R' is a ‘branched or: allcycllc hydrocarbon
_hav1ng about 28 to about 32 carbon atoms. '

_ 33. The surface s1zed paper of clalm 31 whereln,'ln
_the formula (1), R' " is a llnear alkyl hav1ng about 4 to about

8 carbon atoms

._34,f The' surface sized paper of c1a1m 23 whlch

' _'further comprlses preparlng the mlxture of 2 oxetanone
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48. The 5| m "I |I i m 46 V\here| n the 2- oxef anone nul tinmer has -
.the fornul a. "m'"ﬂﬂw " |IW nrr] in which nis an i nteger of at'|east 1;

R and R' are |ndepEndEnﬁIy acyclic hydrocarbons of at least about 4 carbon .

'-atons and R is a. branched linear or -alicyclic hydrocarbon of
about 1 tﬁu@@@MErQOfQthQnmlﬁtﬁﬂﬁ of an unsaturéfed f@@tf'ébﬂ& Roeehref
cl'ai m48 wherein, in_the.formula (1), nis an integer: from1l to about

20 -~ anda dSGarb?ﬁﬁléFz?ﬁb agent of cla|n148 mhereln in the fornula.
-_(I) n |s an. |nteger of 1 to about 8. : _ T '

_ 35. The surface s1zed paper of claim 34 whereln the:”h-
ff__fatty acid 1s selected from’ the group con51st1ng of olelc, R

' llnolelc, llnolenlc, palmltolelc,-and mlxtures thereof

36, The surface s1zed paper of cla1m 34 whereln the
"dlcarboxyllc ac1d is selected from the ‘group cons1st1ng of
: azelalc ac1d sebacic acid, dodecanedlolc ac1d a fattylacrdi;fr-

E dlmer ac1d and mlxtures thereof 'x

_ 37. The surface smzed paper of clalm 35 whereln the S
o dlcarboxyllc ac1d is selected from the group con51st1ng of
azelalc acid, sebac1c acid,’ dodecanedlolc a01d -a fatty ac1d

' ':_dlmer acid and mlxtures thereof

- 38. The surface 51zed paper of clalm 23 Wthh

further comprlses an 1nterna1 s121ng agent

_ - 39. The surface 51zed paper of claim 38 wherein the
- 1nterna1 sizing agent is selected ‘from the group con51st1ng of

‘alkyl ketene dlmer, alkyl ketene multlmer, alkenyl ketene '

'dlmer, alkenyl ketene multlmer,,alkyl succinic: anhydride,

alkenyl Succinic”anhydride, rosin_andfmixtures thereof.

. 40. The surface . siied paper of claim 23-Wherein the
- sizing agent is present on -the sized- ‘paper in ‘an -amount of
from about 0.0025 wt¥% to about 0 5 wt% based on the welght ofr

the dry gsized papgﬁ

- 41.. The surface 51zed paper of claim 23 whereln the:
_paper is selected from the group con51st1ng of paper,

newsprint, paperboard and molded paper
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)5’1 The siz I mllﬂﬂuﬂu m 48 wherein the sizing agent nmixture of -

2- oxet'anone luﬂlfmﬁ s about -at- | east 25 wei ght- per cent - of o o
2- oxet anone nultlners i n°whi ch |rregular|t|es are present .in R or ‘R “or
“both, where the-irregularities are selected fromthe group consisting of

branched al kyl , 1i riar éi]heers}irm ls’lmwl@ip@ﬂ(%lﬂ’blﬁrlﬁp@§ wherlsln o
| in the formula (I) d R

.52. . Th tsQfa mhereln
ar e |ndeg:eh?{zld?na’?iléyxa%%31n(ﬁci)L dﬁleﬁ ShEEPR I?ﬁnS&tStt}P@n@ﬁed:%’ItI%@mua)r |
linear alfiesmf bond paper, cut cc>py5®ape‘iheesnva1ra@eaganttm pepRiin 52

' bout " 10 to aBout 20 carboh. _ed'
her ein. ofTddte HAPRE Gaberlt oG B G B8 oabs ane sfingn the

| 2
- formul a 1nR H@§e§elected fromthe group conS|st|ng ofr C2- C1
'hydrocarggﬁpand Cerr]- Cerr] hydrocarbon . S 55." The i zi ng agent
-of claim:54 wherein,_ in_the fornmula (I); is a branched or allcycllc
: hydrocarbon havi ng ébothzsSﬁéfaﬁéuﬁlzgdcaapem efoaRy of clalms 23565 The

o i ‘near. aIkyI
havi ng Z%?E?’h?f’%‘é*2%;‘&?%"?2?%%%35 BreBertAehe S byofangie el Pigengent

. of cIa|nP£6mWﬁEP€Fn° hé-Oxetanone multlmers from a reactlon mlxture of
o - fatty acid and dlcarboxyllc ac1d contalnlng a molar ‘excess of

f dlcarboxyllc ac1d up to a mole ratlo of about 1: 5 fatty acid
to dlcarboxyllc ac1d ' ' ' ' '

44. The surface s1zed paper of clalm 43 whereln the
mole ratlo is from about l 1 5 to about 1:4,

45.: The surface 51zed paper of clalm 43 whereln the ].'
mole ratlo is about 1:2. - o |

_ '46. A s121ng agent whlch comprlses a 2- oxetanone .
multlmer or a mlxture of 2- oxetanone multimers that is llquld
at a temperature of 35 C and that is prepared from a reactlon

-rdmlxture of fatty acid and: dlcarboxyllc a01d having a molar o
., excess of dlcarboxyllc ac1d | '

a7. The s121ng agent of clalm 46 whereln at least
125 welght percent of the mlxture of 2- oxetanone multlmers
-comprlses multimers contalnlng hydrocarbon substltuents w1th
'f_1rregular1t1es, the hydrocarbon substltuents with
'1rregular1t1es being selected from the group con51st1ng of
branched alkyl llnear alkenyl and branched alkenyl groups
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'aC|d contalns a nDIar exces

'$ntxture.of_2 rs S prepared froma ntxture of- an

unsat'urat ed G“ E """t&g e and a di:carboxylic acid:.’ .. - B8,

.The. si zi ng.agen LCclwl m wherein the fatty acid is selected from the
group conS|st|ng of -oleic, linoleic, linolenic, palmtoleic, and m xtures
thereof. . . 59. The sizing agent. of . cIa|n157 wherein the

"dicarboxyli-c acid i's selected fromthe group consisting of azelaic acid,

sebacic aC|d dodecanedi oic-‘acid;, a fatty acid diner acid and mi xtures"
. “thereof. ' - 48.60.TheTifd zdingi pgeage ot cfladmid®m BBewedneithet Be

'dlcarbOXb&anﬂadé mﬁigyﬁéynﬁﬁg feh@meh e o UR consi sting of azelaic acid,.
~ sebaci ¢ acid, dodecanedi oi c ac1d - a fatty ac d di mer- aci d and m-xtures -

_thereof . 61. The. 5|2|ng agent of cl ai m 46 mhereln t he sizing
‘agent \is a surface size. _ 1 The si zi ng agent of .any of
clalns 46 to 61 ‘wherein the reactlor ) : atty aci'd and di carboxylic

~dj carboxyNezaci fl up to a nole ratio of '

i C fd |-, Loe« 63 The sizing o
"uIS'$§ﬁW#3bOUt 1:1.5 to about 1:4

_agent of cl aim62 mhereln th
fatty aC|d to

_. j .
(E3

1n whlch n is an 1nteger of at least 1
_ _ R and R“ are 1ndependent1y acycllc hydrocarbons of
at least about 4 carbon atoms; and _
R' is a branched linear or allcycllc hydrocarbon of

'"about 1 to about 40 carbon atoms.

'49 The srzlng agent of clalm 48, whereln, in-the '
formula (I), n 1s an 1nteger of from 1 to about 20.

50. The 3121ng agent of clalm 48 whereln,-ln the
n_formula (I), n is an 1nteger of 1 to about 8. '

. '51. The 5121ng agent of clalm 48 whereln the sizing
-.gagent mlxture of 2- oxetanone multlmers contalns about at least
:25 weight percent of 2- oxetanone multlmers in which: |
1rregu1ar1t1es are present in R or R" or both where the
_ 11rregular1t1es are selected from the group con51st1ng of
_ branched alkyl llnear alkenyl and branched alkenyl groups

.52, The 5121ng agent of clalm 48 whereln, in the
"-”formula (I), R and R" are 1ndependently branched alkyl or.

'_llnear alkyl or branched alkenyl or llnear alkenyl
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“idi car boxyl I C The si 2| ng agent of cI ai m 46 wherein
the mie ra ﬂillﬁlHHIIlHlIﬂlHlII W0 97130218 - .

PCT/U896/121 * The si zi'ng- agent of cIa|n163 mhereln t he
i xture of 2- oxet-anone rrultlrrers is prepared froma mxture of an

unsaturated fatty agid ripd Ué&ﬁﬂj’ a?géﬂ@aéf)%(]}’a:irﬁ’ Sf‘%lﬂereln, in the /2.

The S|Z|Hg?agent of c1a|n171 wherei m the fatty acid I's selected fronlthe :
- group co Iémulrﬁg oF) olRiand R ks @bqu%d%rﬁe 2B i 20| RO RE IS¢ ur es -
thereof. . '73. The sizing agent of claim71 wherein the

'_dlcarboxyllc aC|d S selected fromthe. group consisting of azelaic aC|d
“sebaci ¢ acid, " dodecthedi The &tFHng Agent W%C‘F%ﬁlfﬂlﬁr‘”}bﬂﬁ%fhn&%%%r es-

~ thereof. formula (1), H% is BEl&edddRGeEhdfgrddh neds Mhangy ot e, -
-di. car boxyl Ic acjd is selected fromthe group consisting of azel ai ¢ aci d,

. sebaci ¢ .deix, Yd%’ﬂ%‘c’*‘d‘i’ﬁé%ﬂ o%f%fi aﬁzoa 40 PX@F?CQEPBH di mer . aci d and m xt ur es
~thereof. = o _ _ _

| “55§'-The“5121ng-agent of clalm 54’where1n, in the '
formula 1), R' is’ a branched or allcycllc hydrocarbon hav1ng

'about 28 to about 32 carbon atoms

_ 56. The s121ng agent of clalm 54 whereln, in the
formula (I), R'" is-a 11near alkyl hav1ng about 4 to about 8

'~ carbon atoms.

_ f.57.  The s121ng agent of clalm 46 whereln the
mlxture of 2- oxetanone multlmers is prepared from a mixture of
an unsaturated fatty ac1d mlxture and a. dlcarboxyllc acid.

_ 58. 3The:sizing.agent of'C1aim 57 wherein the'fatty'
‘acid is selected from the group con51st1ng of olelc, lanlelC,

_llnolenlc, palmltolelc, and mlxtures thereof

_ ' 59. The s121ng agent of clalm 57 whereln the
dlcarboxyllc ac1d 1s selected from the group con51st1ng of'
azelaic acid, sebacic ac1d dodecanedlolc acid, a fatty acid

dimer acid and mlxtures thereof

- 60. The s121ng agent of clalm 58 whereln the
dlcarboxyllc acid’is selected from the group con51st1ng of
azelaic acid, sebacic ‘acid, dodecanedlolc acid, a fatty'acid

dlmer ac1d and mlxtures thereof

_:si, The s1z1ng agent of clalm 46 whereln the

s121ng agent is a surface size.
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| re of fatty acid .and di carboxylic
whereln the reactlonbgL?tg 1.5°to abgut | -5 fatty acid to dicarboxylic

' f-from
2‘3!3 rat '_O ° B hﬂwélgulilgnggagemofofan@l aafrnc'i@lw@e@%l raot kg ol e
- ratlo |swhb@aunltbe reactlon mlxture of fatty acid and dlcarboxyllc- .

acid contains a molar excess of dlcarboxyllc ac1d up to a mole

”;ratlo of about 1:5 fatty ac1d to dlcarboxyllc ac1d

R _ 63. - The s121ng agent of clalm 62 whereln the mole
"*1__rat10 1s from about 1:1.5° to about 1 4 fatty acid to _
- dlcarboxyllc acid. o X ' o

o '”64.' The 5121ng agent of clalm 46 wherein the mole |
' ratio is about 1: 2 o B
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(54) Title: PAPER SURFACE SIZING AGENTS, METHO?/U{E AND SURFACE SIZED PAPER

| (57) Abstract

" A sizing agent for paper that is a z-oxetanone multimer whnch is nat a solid at 35 *C, parucularly a mnltImcr mixture in whlch at| '
least 25 weight percent of the hydrocarbon substituents contain irregularities such as branched all:yl groups or linear or branched alkenyl
groups. Paper surface sized with the 2-oxetanone multimer slzmg agent and the method of surfaoe sizing paper are also dlsclosed




