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-1- 2-OXETANONE Sl ZI NG AGENTS AND THEI R PREPARATI ON AND USE Thi s invention
rekates to sizing conmposi ti ons, for paper nmde under al kaline conditions,
paper sized mﬁ?h :the sizing conpositions, and processes for using t he

paper. 5 The amount of fine paper produce UHUﬁt EAEétingETs

condi tions has been increasing rapidly, encouraged Savi na:

ability to usé precipitated.cal cium carbonate, an i P ‘”c’i fran 3 .0 f’)ngzg
i nproved paper pernanence and brightnessy; and an in tengéﬁéy """ P g@
close the wet end 10 of the paper machine. CUrréﬁﬁkabﬂb bafrsis foFWMg“

fine paper, such as hi gh-speed photocopies, envel op&3 Aroiss BEAFd-nct PREE
conput er pr.inter paper, and addi ng machi ne paper re@ATE QRAREHGUPER.......cco0vnevoeeoo:

.........

attention to sizing before conversion or end use. The nost 15 comon

si zi ng agents PoPXETANONEpSLZANGcAGENES ANRaTHEARc BREPARANIONNAND| KESEy|
succi ni ¢ anhydride (ASA) and alkyl ketene dimer (ARD). Both types of sizing
agents have a reactive functional group that covalently bonds to cellul ose
fiber and hydrophobic tails that are oriented away fromthe 20 fiber.
The nature and ori &is iigvestt iane e latesofieoisizing lcompasid iidns fide paper

repel water. Gaiehnddr AiRadine® ¥oiditibry)e dapled él%@d)'%ﬁ.trﬂ the ¥i%Zing

prepared by the dingrization of the alkyl ket enes nade romtwo saturated

strai ght - chai FORPASAtians cANG RFocesses HoX; uging thg PaRRYrsed being
prepareg from pal nithet aliodinY off €dneC paper produced under alkaline

conditions has been increasing rapidly, encouraged by cost

savings, the ability to use precipitated calcium carbonate,

an increased demand for improved paper permanence and

brightness, and an increased tendency to close the wet end
10 of the paper machine.

Current applications for fine paper, such as high-speed
photocopies, envelopes, forms bond including computer
printer paper, and adding machine paper require particular
attention to sizing before conversion or end use. The most

15 common sizing agents for fine paper made under alkaline
conditions are alkenyl succinic anhydride (ASA) and alkyl
ketene dimer (AKD). Both types of sizing agents have a
reactive functional group that covalently bonds to cellulose
fiber and hydrophobic tails that are oriented away from the

20 fiber. The nature and orientation of these hydrophobic
tails cause the fiber to repel water.

Commercial AKD's, containing one B-lactone ring, are
prepared by the dimerization of the alkyl ketenes made from
two saturated, straight-chain fatty acid chlorides; the most

25 widely used being prepared from palmitic and/or stearic
"acid. Other ketene dimers, such as the alkenyl based ketene



acid. "Qther ketene diners, such as the al kenyl based ketene -2- diner
([err] 421, avail able from Hercules Incorporated, Wl mngton, DE, US A),
have al so been used, cormercially. Ketene nultinmers, containing nore than
one [err]-lactone ring, have been described in Japanese Kokai 168992/ 89,

the 5 ° di scl osure of which is |ncorporated by reference inits entirety.
Al t hough AKD si zi ng agents are connerC|5lIy successful, they have

di sadvant ages. This type of sizing agent has been associ-ated with handl i ng
problens in the typical high-speed 10 conversi on operations required
for the currertimexes(Aafudpel® PR, mmrfmxaémmmﬁdmﬁaﬁeﬂed

to.as alkalln 1 r e din
f or ms presses anﬁﬁﬁ?con\/e?flérzf c%‘}eé;q%blfee&r% %ﬁéﬁ%}gﬁaﬁﬁ%ﬁ

hi gh- speed cofetene awltimers, nontaiming mpre tharyione A-+lactane ming,
printing and vl Gnd Aeldid ved! IR pdriete HHAL qasdmi“s SRaggls. These

Pondi 1 Bne. (adpaianins Xp&a)wi"fé@tfa?é“y%%%%e@f%ﬁﬁ%é%ﬁ&?ﬁﬁ' ‘
| evel s used tentﬂﬁnﬁyl al kaline fine paper differ significantly from
those used to make 3 i Wi W z1 i bt S W bl H AW 'SR Fu2,
they have disadvantages. This type of sizing agent has been
associated with handling problems in the typical high-speed
10 conversion operations required for the current uses of fine
paper made under alkaline conditions (referred to as
alkaline fine paper). The problems include reduced
operating speed in forms presses and other converting
machines, double feeds or jams in high-speed copiers, and
15 paper welding and registration errors on printing and
envelope-folding equipment that operate at high speeds.
These problems are not normally associated with fine

! paper produced under acid conditions (acid fine paper). The
typessof filler and filler addition levels used to make
20 alkaline fine paper differ significantly from those used to

make acid fine paper, and can cause differences in paper
properties such as stiffness and coefficient of friction,
which affect paper handling. Alum addition levels in
alkaline fine paper, which contribute to sheet conductivity
25 and dissipation of static, also differ significantly from
those used in acid fine paper. This is important because
the electrical properties of paper affect its handling
performance. Sodium chloride is often added to the surface
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properties such as stiffness and coefficient of friction, which affect
paper handling. Alumaddition levels in alkaline fine paper, which
contribute to sheet conductivity 25 and di ssipation of static, also
differ significantly fromthose used in acid fine paper. This is inportant
because the electrical properties of paper affect its handling perfornmance.
Sodi um chloride is often added to the st?face -3- of al kaline fine paper
to inprove its performance in end use. The typical problenms encountered
with the conversion and end use handling of al kaline fine paper involve: 5
1. Paper propefgt agkaléhet #dneopapapotiol iigproie! iesf peritdirmaicePdpeiena
properties devgloped during paper formation; and 3. Problens related to

sizing. 10 The paper " properties affected by papermaki ng under
al kal i ne condi t i on¥heh&ypdealaprobilensneacoungexed withustbepeohversion
:Vglclsggree C ont gﬁar bnd useVARhAL1AG b? alRhNinkCRinef phplet! iAolive: *
5 1. Paper properties related to compositlon of the
furnish;
2. Paper properties developed during paper formation;
and
3. Problems related to sizing.
10 The paper properties affected by papermaking under

alkaline conditions that can affect converting and end-use

performance include:

Curl

Variation in coefficient of friction

Moisture content

Moisture profile

Stiffness

Dimensional stability

MD/CD strength ratios

20 One such problem has been identified and measured as
described in "Improving the Performance of Alkaline Fine
Paper on the IBM 3800 Laser Printer," TAPPI Paper Makers
Conference Proceedings (1991). The problem occurs when
using an IBM 3800 high-speed continuous forms laser printer

25 that does not have special modifications intended to
facilitate handling of alkaline fine paper. That
commercially significant laser printer therefore can serve
as an effective testing device for defining the
convertibility of various types of sized paper on state-of-

15

® O & ¢ 0,0 o



* Mbi sture profile * Stiffness * D nensional stability * MO/ CD
strength ratios 20 One such probl em has been identified and
nmeasured as described in "Inproving the Perfornmance of Al kaline Fine Paper
on the 1BM 3800 Laser Printer," TAPPI Paper Makers Conference Proceedi ngs
(1991). The probl em occurs when using an | BM 3800 hi gh-speed conti nuous
forms | aser printer 25 t hat does not™4have special nodifications
intended to facilitate handling of alkaline fine paper. .That commercially
significant |aser printer therefore can serve as an effective testing

devi ce for defind-grt Reorramelrig idd ipmért \arid oltss tsisseqiernt Z&sh Rafer on

Bte?;gr?r;;]ce. |-4 - theaBgTrt C vertl%ﬁﬁygﬁlt ‘%Pd Its sub@gmg&ﬂ‘;‘se

measur abl e i ndyiceds an mefasurakde emdniatsiorpmetm é*taedtBMf_Saingpagé en
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the str& ght IfURemanddhe rivan §°%|§99‘f% h@ stagker above the base

pl ate, causing regisidBIN Ay Arivsives a divergence of the paper path
from the straight line between the rolls, which is two
inches above the base plate, causing registration errors and
dropped folds in the stacker. The rate of billowing during

10 steady-~state running time is measured as the billowing

height in inches above the straight paper path after 600
seconds of running time and multiplied by 10,000.

Typical alkaline AKD-sized fine paper using a size

furnish of 2.2 1bs. per ton (1 kg per 0.9 metric ton) of

15 paper shows an unacceptable rate of billowing, typically on
the oyder of 20 to 80. Paper handling rates on other high-
speed converting machinery, such as a Hamilton-Stevens
continuous forms press or a Winkler & Dunnebier CH envelope
folder, also provide numerical measures of convertibility.

20 JP 4-36258 and JP 4-36259 describe 2-oxetanone
compounds made from fatty acid chlorides based upon
saturated carboxylic acids, unsaturated carboxylic acids,
and mixtures, but no specific examples of using the
unsaturated compounds or mixtures are provided. Further,

25 fatty acids are natural materials and often are not pure.

EP Application Laid Open No. 0 666 368 discloses paper
sizing agents comprising 2-oxetanone dimers and multimers
that are not solid at 35°C. Preferred sizing agents contain
unsaturation or chain branching in the pendant hydrocarbon



dropped folds in the stacker. The rate of billow ng during 10

steady-state running tine is neasured as the billow ng height in inches
above the straight paper path after 600 seconds of running tinme and

mul tiplied by 10,000. Typical alkaline AKD-sized fine paper using a size
furnish of 2.2 I bs. per ton (1 kg per 0.9 netric ton) of 15 paper shows
an unacceptable rate of billow ng, typitally on the order of 20 to 80.
Paper handling rates on other high- speed converting nachinery, such as a
Ham | t on- St evens conti nuous forns press or a Wnkler & Dunnebier CH

envel ope fol deraifksO BPOXpHEiBREEOhCRA1HCEPERACRO 0CHRYCTL DI hik¥1048s
JP 4-36258 and JP 4-36259 descri be 2-oxetanope, conpounds made fromfatty

aci d chl ori ded~PHReEANORBSLZL DT 1REENES, GORDF 810G fsMi¥kUEe PE; d4mers and
car boxyl i ¢ acmdktinesls i wheresatbléasd 5p%cofi thexeompoanaé iai thet he

unsaturated c S ) are V] r . aci ds
e natural (EPBENEECaEl ALIELhERs ' TRBER ABBT LolbibNE o &tn pmptBRES R
0 666 358 di skevtormanpgerinhigh-apeedscenvertinggandorepuagnapbiaers and

mul timers tNahadhfnés! combhfed! tbesi2ing’ 6b€aiREASVILRUsERAARACATKFLN
unsaturation or chain, branching in the pendant hydrocarbon chains. EP

Appl i cation Lkﬁt?%ﬁeﬂlﬂﬁ?'o 629 741 di scl oses 2-oxetanone sizing agents
conpri sing a m xt ugéwe¥etl N"Ehéranils still a need for alkaline fine paper

that provides improved handling performance in typical

10 converting and reprographic operations. At the same time,
the levels of sizing development need to be comparable to
that obtained with the current furnish levels of AKD for
alkaline fine paper.

The invention is a sizing composition which is

15 particularly suitable for cellulosic webs, most notably for
paper made under alkaline conditions.

The sizing composition of this invention is not solid
at 3s% and comprises a mixture of 2-oxetanone compounds
that are the reaction product of a mixture comprising about

20 10-85 mole % of saturated fatty acid and about 90-15 mole%
of unsaturated fatty acid.

According to one preferred embodiment the 2-oxetanone
comppunds are the reaction product of (a) a feedstock
comprising primarily unsaturated fatty.acid and (b) a

25 feedstock comprising primarily saturated fatty acid.

In one preferred embodiment, the 2-oxetanone compounds
are 2-oxetanone dimers. In another preferred embodiment,
component (c), an alkyl dicarboxylic acid, is present in the



mul ti mers, where at |east 50% of the conpounds in the m xture are

mubtimers. Both applications claiminproved 5 performance i n hi gh-speed
converting and reprographic machi nes conpared to sizing obtained with
standard al kyl ketene dinmer. However, there is still a need for alkaline

fine paper that provides inproved handling performance in typical 10
converting and reprographic. operations.-6At the sane tinme, the |evels of
si zing devel opnent need to be conparable to that obtained with the current
furnish | evels of AKD for al kaline fine paper. The invention is a sizing

COMPOSi 10N Wikahe|Sn A ixturB2r { el 35! ¥ aSuELAULE | BhelsLbikRahbnuehs, Most

notably for paper e un e’con ‘The “si zing conposition of
this |nventloﬁ°PE°HBFSSBFPdaa91F§PFF gfddimepsi and H“##%FGFE-of 2- oxet anone

conpounds that arepiBgerablyi €hePradugt acias Ebiﬁgiﬁeecaﬁahtshbgeébﬂlé&eZQ

faity acid. ABRERARKES BSGhE PEARCPPAGoERABAPRGAD PRAS YoRBeasURE Elmpounds

are thesreact fatityradids mbreapreféeabiyoebontnpnrssngome|Rasatyrated

unsaturated fbiky geid R4 LBbup 35-4s mb9893!QrkaFATAELY BACRGI RGLLY

saturated fat n-one g
conmpounds are 2 oxBreafierabdiynthe. 2raxgkanpee Eiéﬁéﬁréﬂmﬁﬁﬁéﬁiﬁénﬂs not

conponent (C)gofdaakybstt Cadi \préferdbly o' SSEIM a 36"¢. Preferably
the composition is liquid at 35°C, more preferably liquid at

10 25°C, and most preferably liquid at 20°C.

Preferably the fatty acid is monocarboxylic acid or
monocarboxylic acid halide having 6-26 carbon atoms, more
preferably 12-22 carbon atoms, and most preferably 16-18
carbon atoms.

15 Preferably the saturated fatty acid is selected from
the group consisting of stearic, isostearic, myristic,
palmitic, margaric, pentadecanoic, decanoic¢ (capric),
undecanoic, dodecanoic (lauric), tridecanoic, nonadecanoic,
arachidic, and behenic acids and acid chlorides, and

20 mixtures thereof. Preferably the unsaturated fatty acid is
selected from the group consisting of oleic, linoleic,
dodecenoic, tetradecenoic (myristoleic), hexadecenoic
(palmitoleic), octadecadienoic (linolelaidic),
octadecatrienocic (linolenic), eicosenoic (gadoleic),

25 eicosatetraenoic (arachidonic), docosenoic (erucic),
docosenoic (brassidic), and docosapentaenocic (clupanodonic)
acids and acid chlorides, and mixtures thereof.

Preferably the saturated fatty acid feedstock comprises
at least 80 mole % saturated fatty acid and the unsaturated



-6 - reaction mxture. If (c) is present, the 2-oxetanone conpounds are a
mxture of dinmers and nmultiners. Preferably the fatty acids conprise about
20-60 nole % saturated fatty acid and about 80-40 nole % unsaturated 5
fatty acid, nore preferably about 30-55 nole % saturated fatty acid and
about 70-45 nole % unsaturated fatty acid. Preferably the 2-oxetanone
sizing conposition is not solid at [errd?, -nore preferably not solid at
[err]. Preferably the conposition is liquid at [err], nore preferably
liquid at 10 [err], and nost preferably liquid at [err]. Preferably the

fatty acid i se{ERPKERPPdddsttisdl UnpPIUEsDOXYVdd St oF6 Cndied i gl having 6-26
car bon at ons, nnrelpreferabl 12-22 carbon atons, and nost preferably 16-18

carbon at ons.ungpturated £afty Acily NIRe REYLEEIRLY A% 1eash JROUR| LRt ed
fromthe grouwplomsisituntatdd Setety Geid anidadt Cleddgt i siiowt P0Imole 3
margari c, pe ' oR ' canoi ¢, dodecanoic
(lauric), trm@%&g%o%%%n%ﬁ%?@%réi&c%ﬁ%‘réﬁhnd beheni c acids and acid
chl ori 8es, and 20 Prefexably cthe imolkefratin o9& rthe yunsaturated réatty fagid

acid is sel eqfthdt R e HO BatuiFibed I f e} R CreddWBAL Cis dSiGHENOI C,
tetradecenoic (nyristoleic), hexadecenoic
1:1-4:1, preferably about 1:1, about 1:4 or about 7:3.
Preferably, according to one embodiment, the product is
: a 2-oxetanone dimer. Preferably, according to another
10 embodiment, the reaction mixturer additionally comprises (c)
an alkyl dicarboxylic acid having 6-44 carbon atoms.
Preferably the dicarboxylic acid has 8-36 carbon atoms, more
preferably 9-10 carbon atoms.
According to another embodiment, the invention is
15 directed to a process for preparing a 2-oxetanone sizing-
agent comprising providing unsaturated and saturated fatty
acids, the fatty acids comprising about 10-85 mole % of
saturated fatty acid and about 90-15 mole% unsaturated fatty
acid, and reacting them to form a 2-oxetanone sizing agent
20 that is not a solid at 35°C.
The invention is further directed to a process of
preparing a 2-oxetanone sizing agent comprising (IX)
providing (a) at least one feedstock comprising primarily
saturated fatty acid, and (b) at least one second feedstock

25 comprising primarily saturated fatty acid, and (ii) reacting
them to form a 2~oxetanone sizing agent that is not a solid

at 35°C.
' In one preferred embodiment, the product is a 2-
oxetanone dimer. In another preferred embodiment, (c) at



(pal mitoleic) , octadecadienoic (linolelaidic), octadecatrienoic

(li-nol enic), eicosenoic (gadoleic), 25 ei cosat etraenoi ¢ (arachi donic),
docosenoi ¢ (erucic), docosenoic (brassidic), and docosapentaenoic

(cl upanodoni c) acids and acid chlorides, and m xtures thereof. Preferably
the saturated fatty acid feedstock conprises at |east 80 nole % saturated
fatty acid and the unsaturated -7- falty acid feedstock conprises at

| east 70 nole % unsaturated fatty acid, nore preferably at |east about 95
nole % saturated fatty acid and at | east about 90 nole % unsaturated fatty

acid respecti vielagt one dicarbdhel &5 HYda HE IR VLA | Cardort r@tmaié”é‘iw

fatty acid feedstock to the saturated fatty acid feedstock is about
1:1-4: 1, pref &%af Qﬂxnu 1: 1, about 1:4 or about 7:3. Preferably,
according to one erﬁtmlurrwéntiche i¥ sy directed s am)ra;mhm emulsion

nadi &1 onal |y Comgth A B Ynd L-co SIRRL BN pr DO {6 TeLAHE +
atoms. Pref er &5d) mare Areferabiy ClQi‘tﬁQ:l Wﬁ;kgl'ﬂ‘- :?6: &ff e AiAAng nor e

preferably 9- Kunpydidiiad.ons. According to another enbodi nent, the

invention is 15 directe rqcess, for arln a 2-oxet anpne
si zi ng The inven q’.ion aié) cfl.so directed & O paper made under

alkaline conditions and sized with the aforementioned
sizing composition. According to one preferred embodiment,

10 the paper also comprises a water-soluble inorganic salt of
an alkali metal, preferably NaCl. The invention is also
directed to using the paper in high speed converting or
reprographic operations.

The paper according to the invention is capable of

15 performing without encountering significant machine-feed
problems in high speed converting and reprographic
operations. Machine-feed problems on high-speed converting
machines or during reprographic operations are defined as
significant in any specific conversion or reprographic

20 application if they cause misfeeds, poor registration, or
jams to a commercially unacceptable degree as will be
discussed below, or cause machine speed to be significantly

reduced.
Herein, "fatty acid" is frequently used to mean a fatty
25 acid or fatty acid halide for convenience. The person of

ordinéry skill in the art will recognize that this is used
herein when referring to fatty acids for use in making
sizing compositions since fatty acids are converted to acid
halides in the first step of making 2~oxetanone compounds,



agent conprising providing unsaturated and saturated fatty acids, the fatty
acids conprising about 10-85 nole % of saturated fatty acid and about 90-15
nol e% unsaturated fatty acid, and reacting themto forma 2-oxetanone

si zing agent 20 that is not a solid at [err]. The invention is further
directed to a process of preparing a 2-oxetanone sizing agent conprising
(1) providing (a) at |east one feedstock*%tonprising primarily saturated
fatty acid, and (b) at |east one second feedstock 25 conpri si ng
primarily saturated fatty acid, and (ii) reacting themto forma

2- oxet anone si ghdOtRIENEhENBhveAt16h BaPObélpRact €664 - by NseaLiRgehEEREd
enbodi nent, th oduct .is a 2-,oxetapgne diner. |In another préeferred
enbodi nment , (c§a§€Y ac}%s-°Feggthn%cﬂaﬁa?g5??$¥ccﬂfYﬁrﬁﬁﬁiﬁa 8heXTcar bon
atons is al so hahitded. Farthevgnthenpessahsordoréinarytskiblafjnethe ?rt
o e SoTPOAEL O ARAELy SBhes RSB Veoltg! Stk a BB OlLelhd <o
inventi dh is o dblemdeer cuixbupepef fapkty paids aPRafatty caaldt hakidend
sized Wi th thespheséer@etyoiéids are generally derived from natural
materials and thus normally are blends or mixtures.
The alkaline sizing agents of this invention that give
levels of sizing comparable to those obtained with current
10 commercial AKD sizing technology and improved handling
performance in typical end use and converting operations,
have at least one reactive 2-oxetanone group and pendant
hydrophobic hydrocarbon groups. The mixture of 2-oxetanone
compounds is not a solid at 35°C (not substantially a
i5 crystalline, semicrystalline, or waxy solid, i.e., it flows
on heating without heat of fusion). Preferably the mixture
of 2-oxetanone compounds is not a solid at 25°C, more
preferably even at 20°C. Even more preferably, the sizing
agent according to the invention is a liquid at 35°C, more
20 preferably at 25°C and most preferably at 20°C. The
references to "liquid® of course apply to the sizing agent
per se and not to an emulsion or other composition.
The mixture of 2-oxetanone compounds is prepared using
methods known for the preparation of standard ketene dimers.
25 In the first step, acid chlorides are formed from a mixture
of saturated and unsaturated fatty acids, or a mixture of
fatty acids and a dicarboxylic acid in the case of
multimers, using PCl; or another chlorinating agent. The
acid chlorides are then dimerized in the presence of



si zing conposition. According to one preferred enbodi nent, 10 t he paper
al.so conprises a water-soluble inorganic salt of an alkali netal

preferably NaCl. The invention is also directed to using the paper in high
speed converting or reprographic operations. The paper according to the

I nvention is capable of 15 perform ng w thout encountering significant
machi ne-feed problens in hi.gh speed coruerting and reprographi c operations.
Machi ne-feed probl enms on hi gh-speed converting machi nes or during
reprographi c operations are defined as significant in any specific

; ; 0 ; \ . d
ogi stration, BorCHaRY a‘?@i‘g"%o%’é‘?%ﬁ‘?‘?gﬁ%ﬁ‘éﬁ SHDleEoUAE BYSLERTaLCPT!
di scussed bel ¥mines) cprefexrablyictrpethylambpesi §9i foranthe ketiepneddimer

Herein, "fattyraghPtimér{estEpiéYeritdibRs"BRANtResd §Yz PRy ageA€sUclh be
fatty acid halide fgé conveni ence. skill in the art
h

The person o rdi nar
wi Il recogni BFEP2EeT hiR ?geu§§ﬂeh§?%iﬂsmﬁéﬁ“S%Fér$¥age?5¥?é?P§’acids for
use i nSmking siziTigechapbpi acbhds wsedctdapreparedtharz-oraetandnd to acid
[‘ﬁ' I des i”.th&&'&gﬁdétEP 9&1%9@@*8&%%?&89598&”Qﬁove. -9- and that
e invention e practiced stating wt
One or more saturated or unsaturated fatty acid can be
used. The mixture of saturated and unsaturated fatty acids
can result from the use of separate feeds, one which
10 comprises primarily saturated and the other which comprises
primarily unsaturated fatty acids, or a feed comprising a
mixture of saturated and unsaturated fatty acids can be
used. Suitable feedstocks comprising primarily unsaturated
fatty acids include, for example, Emersol 221 fatty acids,
15 available from Henkel-Emery, Cincinnati, OH. Emersol 221 is
a mixture of primarily oleic acid and other unsaturated
fatty acids and a small amount of saturated fatty acids.
Suitable feedstocks comprising primarily saturated fatty
acids include, for example, Emery 135 fatty acids, also
20 available from Henkel-Emery. Emery 135 is primarily a
mixture of palmitic acid and stearic acid and small amounts
of other fatty acids.
If desired, the 2-oxetanone compounds can contain two
or more 2-oxetanone rings. These compounds are referred to
25 in this application as "2-oxetanone multimers". These
' compounds are prepared from acid chlorides of the mixture of
saturated and unsaturated fatty acid feedstocks and at least
one alkyl dicarboxylic acid as described in Japanese



fatty acids or fatty acids already converted to their halide. Further, the
person or ordinary skill in the art will readily recognize that "fatty
acid" generally refers to 5 a blend or mxture of fatty acids or fatty
acid halides since fatty acids are generally derived fromnatural materials
and thus nornmally are blends or m xtures. The al kaline sizing agents of
this invention that give |levels of sizi-A§ conparable to those obtained with
current 10 comer ci al AKD si zing technol ogy and i nproved handli ng
performance in typical end use and converting operations, have at |east one

reactive 2- Oxﬁﬁﬁmﬂgﬁe&rQHBlﬁEQtESHdﬁ@hs?iﬁéQDﬁﬁh'EuP&SéQBa?HEEnEVOUDS The

m xture of 2- oxetanone conpounds is not a so L gnot substantially
a 15 crysPBPLIGRT1ICRR; ?}gtgPF?n§°sor°mB§9 §6P|End| e529j 748+ ows on
heati ng w t hout heﬂheoilkyilaﬂ¢arﬁbﬂfbtebhglﬂbeu§hdtubepﬁépareXEhanQRe

compounds 'S BgkeRn30Li daftihEEL nalUB E- DL CLELBBY YRR, br LELELE §VE0, D" ©

preferably, e Srzling agen Steora I Ng t e |nven
[err], Frore 282 or éﬁeﬁtﬁagky Bicarbexylhd qgstpwetbrabL9 garpenr atom§he

references t o,y 'ﬂHéﬁerPEfEPfé&e a@@éu &QciPSoiyiiagaégéEtiﬂéiu&S aggynot

to an enul sion or osition. m xture of _¢- oxetanone conpounds
i s prepared uS¥RBPHR: hBBRAR Smna¥6$a¥ﬁe bréﬂﬁ?ﬁ?ﬁﬁﬁde3§PﬁﬁﬁbiﬁokﬁP fEic,
dimers. 25 bragylbe, fandtdécoganédisichaoiddes one bpridtefl 68MtRegRXt Ure

of saturated ggﬁ t L d r a mxture of fatty acids and a
dlcarboxyllc ggg Qﬁ#é@ §g§é§féxnage dsed
The 2-oxetanone compounds in the sizing compositions of
this invention preferably have the formula:

q§\—43 Q§T——O

15 A R®
vl k R

in which n is 0-6, more preferably 0-3, and most preferably
0; R and R" can be the same or_different and are selected

20 from the group consisting of straight or branched alkyl or
alkenyl groups having at least 4 carbon atoms, preferably 4-
24 carbon atoms, more preferably 10-20 carbon atoms, and
most preferably 14-16 carbon atoms; and R* is a straight
chain alkyl group, preferably a 2-40 carbon straight chain

25 alkyl group, more preferably a 4-32 carbon straight chain
alkyl group, and most preferably a 5-8 carbon straight chain
alkyl group. When n>0, the compounds are termed 2-oxetanone
multimers.




mul ti mérs, using PCl3 or another chlorinating agent. The acid chlorides are
then dinerized in the presence of -10 - tertiary am nes (including

trial kyl am nes and cyclic al kyl am nes), preferably triethylamne, to form
the ketene dinmer or nultimer. Stable enul sions of these sizing agents can
be prepared in the same way as standard AKD emnul sions. 5 The fatty
acids used to prepare the 2-oxetanone cokpounds of this invention are

descri bed above. One or nore saturated or unsaturated fatty acid can be
used. The m xture of saturated and unsaturated fatty acids can result from

the use of separat e §dparditfy WHeE b -tketandi Wi Sty RdnBYd ivicd Wat ed
and the other which conprjses primarily unsaturated fatty acids, or. a feed
corprising a lﬁh)&sljr’é“’(ﬂ‘rm's’eﬁ'br d}p"eol'% i B deg Raged, "{ibit&e ot TRty

Sui t abl e f eedsiciek £emalyppreferabliyTabdut RTEMEY atad vty paaifinrdbio) e
for exanpl e, sql ' - | | r - ry,
Ci nci nnati, ng'Eﬁ'esr %%ﬁ%%t#gsdf ?rilaén%e%%b?jdl ggcli:%:%g% air':d(;lreot her

unsat ur &t ed f maletacikasesh®m theltotad finttyf agidifeaed) naferaklsys about
Sui tabl e feedylgnoiey ,CUHY gty ﬁréfarazﬂow -5 ed d Urisarirdied e, for

exanpl e, Enery 135 Vatty acids, al so avail abl e from Henkel - Enery.
Enery 135 is f94¥&eily a
Preferably the alkaline paper made according to the

process of this invention contains a water-soluble inorganic

10 salt of an alkali metal, preferably sodium chloride (NacCl),
as well as alum (aluminum sulfate) and precipitated calcium
carbonate. However, the paper of this invention will often
be made without an alkali metal salt.

The sizing agents of this invention is applied as

15 internal sizing agent that is preferably added to the paper
pulp slurry before sheet formation.

The paper of this invention is generally sized at a
size addition rate of at least 0.5 1b (0.2 kg), preferably
at least about 1.5 1b (0.8 kg), and more preferably at least

20 about 2.2 1lb/ton (1 kg/0.9 metric tons) or higher. Typical
commercial sizing ranges from % 1lb/ton to 7 1lb/ton,
preferably from 1 lb/ton to 4 1lb/ton and most preferably
from 1 & lb/ton to 3 lb/ton. It may be for example, in the
form of continuous forms bond paper, perforated continuous’

25 forms paper, adding machine paper, envelope-making paper,
copy paper, envelope paper or envelopes.

The paper of this invention is capable of performing
effectively in tests that measure its convertibility on
state-of-the~art converting equipment and its performance on



m xture of palmitic acid and stearic acid and snmall anounts of other fatty
acitds. If desired, the 2-oxetanone conpounds can contain two or nore

2- oxet anone rings. These conpounds are referred to 25 in this
application as "2-oxetanone nmultinmers". These conpounds are prepared from
acid chlorides of the mxture of saturated and unsaturated fatty acid

f eedst ocks and at | east one al kyl dicardaexylic acid as described in
Japanese -11- published application 168992/ 89 and European Patent
Applications Laid Open Nos. 0 666 368 and 0 629 741. The aIkyI di car boxylic

aci ds used 1t opghRRapek)and ue,éehaeﬁaﬁe?g: L ;yp%ceuﬁa mbggp%gocar bon

preferably 9-10, 5 " at ons acidé with
atons are nos PCSP€fiéF‘9e&° Stt}éh igventieny that,cans benprdge inter acxedd

sebaci c, azel gbatihndisdEezrnsdbonabpayerC havihgr aC ba_hfiazw_bh@htaﬂ»(i’ about
docosaned o ¢, g 45apoll 9 8538k FR5SFe OB RS g REAESySan i Uoed
i nventi®n prefepablyg b&vrunningoonukahigh-speed;r Fontintous Mforms0-l@sexore
preferably O- 3riaRdri0SimBhetAia buplr Fa?8d2Ba 687aRCaklRt18M° rAke of at
different and’are selecte ) L.
least about 1.5 1lb/ton (0.68 kg/0.9 metric ton), it is
capable of running on the IBM Model 3800 high-speed,
continuous forms laser printer without causing a rate of
10 billowing in inches of increase per second x 10,000 greater
than 5 after ten minutes running time. When the paper is
sized at a rate of 2.2 1lb/ton (1 kg/0.9 metric ton), the
rate of billowing increases per second x 10,000 is not
greater than 3 after 10 minutes of running time.
15 "Further, the preferred paper according to the
invention, that can be made into sheets of 8 % x 11 inch
(21.6 cm x 28 cm) reprographic cut paper having a basis
weight of about 15 to about 24 1b/1300 ft? (6.8 to 10.9
kg/121 m’) is capable of running on a high-speed laser
20 printer or copier. When the paper is sized at an addition
rate of at least about 1.5 lb/ton (0.68 kg/0.9 metric ton),
preferably at least about 2.2 lb/ton (1 kg/0.9 metric ton,
it is capable of running on the IBM model 3825 high-speed
copier without causing misfeeds or jams at a rate of 5 or
25 less in 10,000, preferably at a rate of 1 or less in 10,000.
By comparison, paper sized with standard AKD has a much
higher rate of double feeds on the IBM 3825 high speed
copier (14 double feeds in 14,250 sheets). In conventional
copy machine operation, 10 double feeds in 10,000 is



20 “fromthe group consisting of straight or branched al kyl or al kenyl
groeups having at |east 4 carbon atons, preferably 4- 24 carbon atons, nore
preferably 10-20 carbon atons, and nost preferably 14-16 carbon atons; and
[err] is a straight chain al kyl group, preferably a 2-40 carbon strai ght

chain 25 al kyl group, nore preferably a 4-32 carbon straight chain
al kyl group, and nost preferably a 5-8 <« bon strai ght chain al kyl group.
When n>0, the compounds are termnmed 2-oxetanone nultiners. -12 - In

preparing the 2-oxetanone sizing conpositions of this invention, at |east

20 nole % ba h ot al Cl P oyt -~ £5% and
nost pref%rab?‘yﬁg??%?pé:él&;ﬂefs éazm?rcg%ig ?n%ﬁfu?%%&u sfﬁj goe éiézg%lgyti gt% bé%s% 20

5 nol e% K£288d idh 10h 800 sheets tp he wnaseeptabdeer abl y about 80- 25%
and nost preferabl yhéOpagér iof thia!l Unvend ibal tin abiedForl Rfcaditon 1t laE

oKl e DaPCCoRIRuRRa kA hanil BaBels Rkl bags FRUGBL B L,
chl ori d®@ (NaCLp, tasabeut 2¢ Abya30al wmhi (608 stdf 20e) kgll1pl emi)pidaat dsb
cal ci um car bOEQFL%r@Q\Q]e‘é‘?:r A LRanA3ARE pRrbPateld oA iRos okl @A Re Made
wi thout an al kali nmetal salt.
continuous forms press at a press speed of about 1300 to
about 2000 feet (390 m to 600 m) per minute. The preferred
paper according to the invention, in the form of a roll of
10 continuous forms bond paper having a basis weight of about
15 to about 24 1b/1300 ft? (6.8 to 10.9 kg/121 m’), and that
is sized at an addition rate of at least about 2.2 1ib/ton
(1 kg per 0.9 metric ton) can be converted to a standard
perforated continuous form on the Hamilton-Stevens _
15 continuous forms press at a press speed of at least about
1775 €eet (541 m) per minute, preferably at least about 1900
feet (579 m) per minute.

The paper of this invention can also be made into a
roll of envelope paper having a basis weight of about 15 to

20 about 24 1b/1300 ft? (6.8 to 10.9 kg/121 m»’) that is sized
at an addition rate of at least about 2.2 lb/ton (1 kg/0.9
metric ton). The paper can be converted into at least about
900 envelopes per minute, preferably at least about 1000 per
minute on a Winkler & Dunnebier CH envelope folder.

25 The paper of this invention can be run at a speed of at
least about 58 sheets per minute on a high spéed IBM 3825
sheet-fed copier with less than 1 in 10,000 double feeds or
jams. '



B .

The sizing agents of this invention is applied as 15 I nternal sizing
agent that is preferably added to the paper pulp slurry before sheet
formati on. The paper of this invention is generally sized at a size
addition rate of at least 0.5 Ib (0.2 kg), preferably at |least about 1.5 1b
(0.8 kg), and nore preferably at |east 20 about 2.2 Ib/ton (1 kg/0.9
nmetric tons) or higher. Typical commer<asat sizing ranges from[err] |b/ton
to 7 Ib/ton, preferably from1 Ib/ton to 4 I b/ton and nost preferably from
1 [err] Ib/ton to 3 Ib/ton. It nmay be for exanple, in the form of

continuous forms bagd @%@%ﬁrog%&%ﬁﬁﬁ@eﬁ%%h”‘i%“%a ble offOE-lﬂ‘iBnBi’: on a

addi ng machi ne paper, > paper, copy paper, envel ope paper or
envel opes. Thaighpepegd.t Kontinuensi Sprms dagel Prontes: With Agrateecefi vely
in test St t haéI biRABWifg at Qeawer hbbhtiltéynw%pstﬁat mfge&bmgr hb%&lt\r/]jeb%i ng |
equi pnment and.its petfornpance_on - - _high-speed _end use _machi.nery. I.n
particul ar, tﬁ@sﬁapgﬁagcgﬁf iﬁﬁoggcfﬁewpﬁgeﬁngﬁ h3f ggﬁ 5™ TalE X 1
rol | of 5conti modds offocontinndusafermsabond papesi haminghtthef sameubasiist o
about 24 |0/ 1303 gh®’ bhal G13e0atOthiel Shhb) 16vB1owitn APARD" sdlzel lHAENT O1

a hi gh-speed, €O nuous forns laser printer N | S paper 1S sized at an
addition ratefspmga mixture of stearic and palmitic acids, after 10

minutes of running time.
‘The paper of this invention is capable of running on a
10 high-speed IBM 3825 sheet-fed copier at a speed of about 58
sheets per minute with at least about 50% fewer, preferably
about 70% fewer, double feeds or jams than the number of
double feeds or jams caused when running on the same copier,
sheets of paper having the same basis weight and sized at
15 the same level with an AKD size made from a mixture of
stearic and palmitic acids.
The paper of this invention is also capable of being
converted to a standard perforated continuous form on a
continuous forms press at a press speed at least 3% higher,
20 preferably at least 5% higher, than paper having the same
basis weight and sized at the same level with an AKD size
made Trom a mixture of stearic and palmitic acids.
The paper of this invention is also capable of being
made into a roll of envelope paper having a given basis
25 weight and sized at a given level, that is capable of being
converted into at least 3% more envelopes per minute on a
Winkler and Dunnebier CH envelope folder than paper having
the same basis weight and sized at the same level with an



| east "about 1.5 Ib/ton (0.68 kg/0.9 netric ton), it is capable of running
on the | BM Model 3800 hi gh-speed, continuous forns |aser printer wthout
causing a rate of 10 billowing in inches of increase per second X
10,000 greater than 5 after ten mnutes running tinme. Wen the paper is
sized at a rate of 2.2 Ib/ton (1 kg/0.9 netric ton), the rate of billow ng
i ncreases per second x 10,000 is not gr¥ater than 3 after 10 minutes of
running time. 15 Further, the preferred paper according to the

i nvention, that can be nmade into sheets of 8 [err] x 11 inch (21.6 cmx 28

cm reprogr al@b(D? side ﬁn’ﬂtﬁé ﬂ@dhh "8 ﬁaﬁﬂﬁ!‘é oei Sdawic mtpalﬁni@l@%d£4

| b/ 1300 ft2 (6.8 .to 10. 21 [ |s ca Ie o) nning on a

hi‘gh- speed | &8t bg) co v e'?n is sized at an
addition rate of atn |mtf®bhnllﬂg Ee:talinhrs (ﬂ?ﬁ&:é@@&qﬁ rarmd txafios
preferably at, t / c ton, it is capable of
runni ng on thellﬁeaym) el’ 3‘%&%%1 #1 spee co%tgjié%éé out causing m sfeeds or

janms aP a rate of 5 or 25 Iess i n BXaWBleSreferably at a rate of 1 or
|l ess in 10, 0Gzanrecorpari son, paper sized with standard AKD has a nuch

hi gher rate of do Ie fe ds on BNI38 hi speed copier (14 doubl e
feeds in 14,250 s 9’?1 % 2%}:@ % i dﬁzﬁ’ﬁéﬁrﬂ‘g Wl e
feeds in 10, Qﬁ(lots paper machine.
To make a typical forms bond papermaking stock, the
10 pulp furnish (three parts Southern hardwood kraft pulp and
one part Southern softwood kraft pulp) was refined to 425 ml
Canadian Standard Freeness (C.S.F.) using a double disk
refiner. Prior to the addition of the filler to the pulp
furnish (10% medium particle-size precipitated calcium
15 carbopate), the pH (7.8~8.0), alkalinity (150-200 ppm), and
hardness (100 ppm) of the papermaking stock were adjusted
using the appropriate amounts of NaHCO,, NaOH, and CacCl,.
The 2-oxetanone sizing agents were prepared by methods
used conventionally to prepare commercial alkyl ketene
20 dimers, i.e., acid chlorides from a mixture of saturated and
' unsaturated fatty acids are formed using a conventional
chlorination agent (phosphorus trichloride), and the acid
chlorides are dehydrochlorinated in the presence of a
suitable base (triethyl amine). The unsaturated fatty acid
25 feedstock was Emersol 221, available from Henkel-Emery,
cincinnati, OH, and the saturated fatty acid feedstock was
Emery 135, also available from Henkel-Emery. Emersol 221 is
a mixture of 73% oleic acid, 8% linoleic acid, 6%

palmitoleic acid, 3% myritoleic acid, 1% linolenic acid, and



-14 - unaccept abl e. A machi ne manufacturer considers 1 double feed in

10, 000 sheets to be unacceptable. The paper of this invention in the form
of a roll of continuous forns bond paper having a basis weight of about 5
15 to about 24 [1b/.1300 [err] (6.8 to 10.9 kg/121 [err]) can be converted to
a standard perforated continuous formon a continuous forns press at a
press speed of about 1300 to about 20007 et (390 mto 600 m per mnute.
The preferred paper according to the invention, in the formof a roll of 10
continuous forns bond paper having a basis meight of about 15 to about 24

| b/ 1300 [errby( saturated Fakgylatilder by w%ﬁ@hth%b.iSE&bt9d1§B ag addition

rate of at | 0 1 k pe tric ton) .ca

convert ed toggiéPg%dé%dggérbg hﬁ&&g d 5?0 °8h -En8¢c Efg% St evens
15 contunuyastﬁGr#slgnesgdaztaophessfsp&sdasﬁdat(bwayelab&u6)1775 f eet
(541 m per m nut gnePhebgetBhbna! sli2dny aaaui: LﬁQQs&s% &5}3 Et Ps&-e@ nute.

The pgger of this I nvention can al.so bé a rol e paper

havi ng®a basPSCREAIRE &P Be.AL EEIPG“EG °f Uaﬁou?‘?&“FbN?SOé Pé?n? €6.8 to
10.9 kg/ 121 &etn]bathabuaarsrécdrahcantadﬁthpnerstefothatphea&t about 2.2

about 900 envel optBepEPLAEHEPE  AaaRaRh, FReuERCEIIEE, BRE 1By Aber MREY. o
on a VWnkIeraﬂiﬁensubsentcﬁednwetcpalboB&erch250 75%) , washadgegeatothehi s
invention cageRgniURidbr? SRREJ20bx@tanone sizing agent emulsion was

10 added at the third mixer. The mixtures of 2-oxetanone
compounds were primarily liquid at room temperature. Alum
(0.2%) was added at the inlet side of the fan pump. Reten®
235 retention aid (0.025%), available from Hercules
Incorporated, Wilmington, DE, was added after the fan pump.

15 The stock temperature at the headbox and white water tray
was controlled at 110°F (43.3°C).

The wet presses were set at 40 psi gauge. A dryer
profile that gave 1-2% moisture at the size press and 4-6%
moisture at the reel was used (77 f.p.m. (feet per minute)).

20 Approximately 35 lb/ton of an oxidized corn starch and 1
1b/ton of NaCl were added at the size press (130°F (54.4°C),
PH 8). Calender pressure and reel moisture were adjusted to
obtain a Sheffield smoothness of 150 flow units at the reel
(Column #2, felt side up).

25 A 35 minute roll of paper from each papermaking
condition was collected {(i.e., a roll was made by collecting
paper *for 35 minutes) and converted on a commercial forms
press to two boxes of standard 8 %" x 11" forms. _Samples
were also collected before and after each 35 minute roll for




| east ‘about 58 sheets per minute on a high speed | BM 3825 sheet-fed copier
with less than 1 in 10,000 double feeds or jans. The paper of this
invention is capable of running on a high-speed, continuous forns | aser
printer with a rate of billow ng at | east about 10% | ess, preferably about
20% | ess, than that produced when running on the sanme printer, a 5 r ol
of continuous forns bond paper having th® sane basis weight and sized at
the sane level with an AKD size nade froma mxture of stearic and palmtic
acids, after 10 m nutes of running time. The paper of this invention is
capabl e of rmmgapna@edosue tegbingsepas BY W82Ehehess - iBgz600i ££2)at a
speed of about ?8 She&% $ gute wth at | east about 50% f ewer,
preferably abt B HNRFS WREHHIt eeds or jans than the nunber of doubl e
feeds or jans cauSEmewhemvermnﬂrgppcrt*nssahtove@lEO eghikibratepipethe
having Loe, SHPLAGS) Scubh Ohbr 206 $L48¢ Ghe May, pridf PETEyhRNELISh! N RRCAKD

size nmade fr ture of stearic and c acid
i nventi%n i s k% PERAPLE PYOvided 2 4 cminyte 6220d6rB- @e)f%?%ﬂ-@ﬂtlon

conti nuous fcwﬂnaibarmniéwpusuprs@mgwéw&eawéeéé fRe@dpRicaeast R%
hi gher, 20 Qf ablf a% | east 5% her han @aV|n t he_sane
stan 4 fine paper wa or a eas two “minutes
between each evaluation to reestablish initial machine
conditions. A summary of the test results is given in Table
10 1. In the Table, E-221 is EMERSOL 221 and E-135 is EMERY

135.



basis weight and sized at the sane level with an AKD size nade Trom a

m xture of stearic and palmtic acids. The paper of this invention is also
capabl e of being made into a roll of envel ope paper having a given basis 25
wei ght and sized at a given level, that is capable of being converted into
at | east 3% nore envel opes per mnute on a Wnkler and Dunnebier CH

envel ope fol der than paper having the sane basis wei ght and sized at the
sane |level with an -16 - AKD size e froma mxture of stearic and

pal mtic acids can be converted on the sane envel ope folder. In the
foll ow ng exanples all percentages and ratios are by nole, unless otherw se

i ndi cat ed.
eval uation ¢n the | BM 3800 was_prepared oibla pil ot paper machi ne. To nake
typical for bo aper makj ng stgggé t he 10 pulp furnish (three part

d
£
Sout hern ha dvvoog,lg,éf pul p ancdqaiigidart Jout hern sof twood kraft pul p) wgs
refined to §25 mor Gakashk an St aewar diifreaneds ( C. SchnyerttihdiPepfsoianbe di sk
refin8r. PrjocSipinnAgentdityon of the filldr to the pulp furnish (10%
medi um part gcl e-size precipjtated cal cium 15 maxim&mB2906 €], ddeCn@dito 3
(7.8-8.0), @lkalinity (150-200 ppm _, and (inches)
EMERY 135 2.2 3.25 180
{control)
EMERY 135 3.0 . 3.75 180
control - |
10 EMERSOL 221
_(control)
EMERSOL 221 3.0 2.125 >600
{control)
EMERSOL 221 4.0 3.50 420
15 control
E-221:E-135
‘ #-221:E-135
B . E-221:E-135
E-221:E~135
20 E-221:E~138
E-221:E~135
1:1 B-221:E-135 2.2 : 2.128 >600
1:1 E~221:E-135 3.0 2.25 >600
1:1 E-221:E-135 4.0 3.375 410
25 The height of billowing in inches between two defined

rolls on the IBM 3800, and the rate at which billowing
occurred (inches of incfease in billowing per second), were

used to measure the effectiveness of each sizing



har dness (100 ppm) of the papermaki ng stock were adjusted using the
appropriate anounts of [err] The 2-oxetanone sizing agents were prepared by
nmet hods used conventionally to prepare commercial al kyl ketene 20

dinmers, i.e., acid chlorides froma mxture of saturated and unsat urated
fatty acids are forned using a conventional chlorination agent (phosphorus
trichloride), and the acid chlor.i des ar®Cdehydrochlorinated in the presence
of a suitable base (triethyl am ne). The unsaturated fatty acid 25

f eedstock was Enersol 221, avail able from Henkel - Enery, Cincinnati, OH and

the saturat Echﬁbb)éz%(ibﬂ fe@ﬂat 2aktwes aﬁaﬁ‘hxgia%% thleS3n@¥d bahiewk’, O%he
Henkel - Enmery. Enersol 221 is a mxture of 73%oleic acid, 8% I i nol'ei ¢

acid, 6% pal msbgkei ¢haccdnve¥ring pekrtogmance. 1%nkl lzob&altan@ealed sigfifg
-17 - 9% saturated fatty acids (by weight 9% . Enery 135 is a mxture of 50%

pal mtic aci dagébt8matieafromaai ix:n%&)nfrsatuta&eddanﬂndnsﬁturhtedfatty
acids (by weight % . The 2-oxetanone sizing agent enul sions were prepared 5
according to £attyi asidsugaver much, bestent Papershandling, pexrfierpancec ghan
reference to Exangle 5 of ,the Eatent The follomnn% addi ti gn seguence was

used. ater nkhp kefspesdiver: nags Exemosaturated,fagtyseridnTheqdsd at

the oxetanone sizing agents made from a mixture of saturated and
unsaturated fatty acids gave paper handling performance as
good, or better, than the ketene dimer made from unsaturated
fatty acid, particularly at the highest size addition level.
10 EXAMPLE 2
The sizing efficiencies of 2-oxetanone sizing agents
made from mixtures of saturated and unsaturated fatty acid
feedstocks were measured in a second pilot paper machine
evaluation. HST sizing was used to measure sizing
15 efficiency. The Hercules Size Test (HST) is a standard test
in the industry for measuring the degree of sizing. This
method employs an agueous dye solution as the penetrant to
permit optical detection of the liquid front as it moves
through the sheet. The apparatus determines the time
20 reﬁuired for the reflectaﬁce of the sheet surface not in
contact with the penetrant to drop to a predetermined

percentage of its original reflectance. All HST testing

-~



second m xer. The 2-oxetanone sizing agent emnul sion was 10 added at the
third mxer. The m xtures of 2-oxetanone conpounds were primarily liquid
at roomtenperature. Alum (0.2% was added at the inlet side of the fan
punp. [err] 235 retention aid (0.025%, available from Hercul es

| ncorporated, WI m ngton, DE, was added after the fan punp. 15 The
stock tenperature at the headbox and wdk & water tray was controlled at
[err]. The wet presses were set at 40 psi gauge. A dryer profile that gave
1-2% noi sture at the size press and 4-6% noi sture at the reel was used (77

f.p.m (feet qutra Beptied ndhsure Ay @E0RIAS ta3BOY/refl et ivh axi th e
corn starch and 1 | b/ton of NaCl were added at the size press [err], pH 8).
Cal ender presfarmdaratiddnkmiisted ovitdy mapdjtihsile dyrteerol® alye arSlesds i el d
snoot hness of 150 flow units at the reel (Colum #2, felt side up). 25

A 35 m.nute ofihexyisemated.omThe MRS FOOHE asid tink ima aotect ed

(i.e., aroll was de by coIIectlggsp}(S&er for 35 mnute‘) and converted on
a commerci al S&NERe Fenfss 9 Five, fasten, tast

_Sa;]rglt 5§a\|/ve;g§m§o gol tﬁ%,lpef re and a{b%etr eagi%gd.rqwgtrjt%rol I fﬁ{ -18
amount of sizing desired depends upon the kind of paper
being made and the system used to make it.

ds shown in Table 2, two 2-oxetanone sizing agents
prepared from mixtures of a saturated fatty acid feed (Emery
10 135, é mixture of palmitic and stearic acids) and an
unsaturated fatty acid feed (Emersol 221) were evaluated for
sizing efficiency against a 2-oxetanone sizing agent made
from the unsaturated fatty acid feed. The mixed fatty acid
feeds evaluated were: 20% saturated fétty acid feed, 80%

3 unsaturated fatty acid feed, and 50% saturated fatty acid
feed, 50% unsaturated fatty acid feed. The 2-oxetanone
sizing agents and their emulsions were made as described in
Exahple 1.

Paper for sizing efficiency testing was made on a small
20 piiot paper machine. To make a typical fine paper-making
stock, the pulp furnish (three parts hardwood kraft pulp and

one part softwood kraft pulp) was refined to 425 ml Canadian



and snoot hness testing. The converted paper was allowed to equilibrate in
the printer roomfor at |east one day prior to evaluation. Each 5 box
of paper provided a 10-14 mnute (220 f.p.m) evaluation on the |IBM 3800.
Al'l sanples were tested in duplicate. A standard acid fine paper was run
for at |least two m nutes between each evaluation to reestablish initial
machi ne conditions. A summary of the te®f Tesults is given in Table 10

1. In the Table, E-221 is EMERSCOL 221 and E-135 is EMERY 135. -19-
Table 1 Starting Size Material Addi tion for Making
Level (1lb/tongtandard Freb&fAessr{cng.Fejfasingca 8ouble dlskSréfliﬁeAgent
Maxi mum Bi | | ow Seconds to 3" ( inches) EMERY 135 .2
3.25 Prior t80theoaddit)iofMaRYth&5filler to the puxpOfurnlsh (20%
3.75 180 (control) 10 EMERSOL 221 2.2
2.125 medium papbicle-size precipitated calcium carbonate), the pH

(7.8-8.0), alkalinity (150-200 p.p.m.), and hardness (100
5 p.p.m.) of the paper making stock were adjusted using the
appropriate amounts of NaHCO,, NaOH, and CacCl,.
The following wet end addition sequence was used: 2-
oxetanone sizing agents were combined with cationic starch
(0.4%) and was added to the paper machine after the stuff
10 box, followed by separate addition of filler (20%), alum
(0.1%), and a high molecular weight anionic polyacrylamide
retention aid (0.01%). Stock temperature at the white water
tray was controlled at 43°C. A dryer profile that gave 5-6%
moisture at the reel was used (3.0 meters/minute paper
15 machine speed). The results of on machine and natural aged
| sizing testing of the paper made by this method are shown in
Table 2.
Clearly, adding saturated fatty acid to the completely
unsaturated fatty acid feed stock gave a 2-oxetanone sizing
20 agent with increased sizing efficiency. Based on the results
of IBM 3800 testing, this increase in sizing efficiency is

obtained at as good or better paper handling performance.



(control) EMERSOL 221 3.0 2.125
>600 (control) EMERSOL 221 4.0 3.50
420 15 control 4:1 E-221:E-135 2.2 2.125
>600 4:1 E-221: E-135 3.0 2.25 >600
4:1 E-221:E-135 4.0 2.50 >600 7:3
E-221: E- 135 2.2 -2 25 >600 20
7:3 E-221: E-135 3.0 2.25 >600 7:3
E-221: E- 135 4.0 2.875 >600 1:1
E-221: E- 135 [ e P e SO
E-221: E- 135 : 3.0 Palde 2 >600 1:1
E-221: E- 135 4.0 3.13754 410 25 t
The hei ght of bil§ow ngeidstingaieerbat ween tmiq’gfd hed rolls n-,ng;,l BM
3800, and the ratg at whi chr bﬂaklm/\n ng occj rrrcdel.l n¢ lopsMadhinac eHS® ||
bi |l owi ng per secpnd v 8geno _nea o 2 SOn) deeghd
sizings -20 - cprepesy t1i3en co‘ﬁhpolf ast er nd hl gher {the sheet |bi Idiowg the
wor se the convert§ i N0 _DErformance. e Z2-oxetgngne $1zing agents nadg from a
m xture of satur af-EHEREk gab (Fantrols —aér-ts—gre—hteh—bepter—pdper
handl i ng perfcwrna aeltEMERSOL 221/EMERY 135 2.0 3 4
4:1 EMERSOL 221/EMERY 135 2.0 3 2 j
EMERY 135 {control) 3.0 142 130
10 |zunnsom 221 (control) 3.0 7 7
1:1 EMERSOL 221/EMERY 135 3.0 38 44
4:1 EMERSOL 221/EMERY 13§
EMERY 135 (control)
EMERSOL 221 (control) 4.0 32 35
15 I 1:1 EMERSOL 221/EMERY 138 4.0 75 103
| 4:1 EMERSOL 221/EMERY 135 | 73 58
From the data in Examples 1 and 2 it can be seen that
the invention provides paper with equal or better runability
and higher sizing efficiency (more HST sizing at equal
20 levels of addition) than comparable sizing agents made
primarily from unsaturated fatty acids. In addition, the
data in Example 1 shows that the invention provides better
converting performance than comparable sizing agents made
primarily from saturated fatty acids. Consequently, the
25 invention provides the best balance of sizing efficiency and

cenverting performance.



5 the ketene dinmer nade fromsaturated fatty acid. The 2- oxetanone
si-zing agents nmade froma m xture of saturated and unsaturated fatty acids
gave paper handling performance as good, or better, than the ketene dinmer
made fromunsaturated fatty acid, particularly at the highest size addition
| evel . 10 EXAMPLE 2 The sizing efficiencies of 2-oxetanone sizing
agents made from m xtures of saturated-amnd unsaturated fatty acid

f eedst ocks were nmeasured in a second pil ot paper machi ne eval uati on. HST
sizing was used to neasure sizing 15 efficiency. The Hercules Size Test

(HST) is a s%ﬁ@aﬂh%Légst in the industry for neasuring the degree of
sizing. This 0 hpl oys an aqueous dye solution as the penetrant to

pernit optical deffdds dxagplehshowguibrepanatian iaf molowxetanane wicigiget .
The appar at Ugg@ddfee MAdRC Tridie af Miktite of WFAtIRGH fatty dldiertaire of

Lhe oncet | SUERs, ot DRnlecl i e DNt Ll Rl s
-21- data refromedsnwadght theossOomedight &% reflection with 1% formc
oS Tt SRRl 3R aANR VRS AU Pl it
faster test conventionally to prepare commercial alkyl ketene dimers.
That.fs, acid chlorides were prepared from a mixture of
fatty acids using a conventional chlorination agent
10 (phosphorus trichloride), and the acid chlorides were
dehydrochlorinated in the presence of a suitable base
(triethyl amine). The unsaturated fatty acid feedstock was
Pamak®131, available from Hercules Incorporated, and the a
fatty acid source containing saturated fatty acids was
15 Pamolyn® Saturates, also available from Hercules
Incorporated. Pamolyn Saturates contains on average 25
weight % saturated fatty acids (primarily stearic acid) and
75 weight % unsaturated fatty acid (typically 42 weight $%
oleic acid and 33 weight % linoleic acid). One 2-oxetanone
20 control sizing agent was made by mixing Pamolyn Saturates
with Pamak 131, such that the resulting blend contained 10
weight % saturated fatty acid. Another 2-oxetanone sizing
agent was made from Pamolyn Saturates. Two controls 2-
oxetanone sizing agents were prepared, one made using
25 Emersol 221 and another made using Pamak 131. 2-oxetanone
sizing agent emulsions were prepared according to the
disclosure of U.S. patent 4,317,756, which is incorporated
herein by reference, with particular reference to Example 5



5 times. High HST values are better than | ow val ues. The anount of
sirzi ng desired depends upon the kind of paper being nade and the system
used to make it. As shown in Table 2, two 2-oxetanone sizing agents
prepared fromm xtures of a saturated fatty acid feed (Enery 10 135, a
m xture of palmtic and stearic acids) and an unsaturated fatty acid feed
(Emersol 221) were eval uated for sizing2®fficiency agai nst a 2-oxetanone
si zing agent made fromthe unsaturated fatty acid feed. The m xed fatty
acid feeds eval uated were: 20% saturated fatty acid feed, 80% 15

unsat ur at ed foft ttheaPatdmed, ari b %Banp 18 vt d Svalitiell faedintd¥nal
unsat ur at ed fsgur% acid feed. The 2-oxetanone sizing agents and. their

enul si ons wer ffe as described in Exai ple 1. Paper for sizing efficiency
testing was nmade dmhpmmny dests igidimatesh dhatadilien @ -oketariane sigiingl

fine paper- malgehft S Wﬁﬂ&f&rﬂﬁi}éﬁy‘iﬁr %&aéﬂg %&@ét pul p
and one part softwod kraf tﬂ!&ﬁrg was refined to 425 nadi an -

St andaPd Fr e&i&dNg @exfo TheRifnd A% P14 aned Ranmqjyn (§§Wates

addi ti on of had fdidigig tcbntﬂ&rdhllep tolrtines lpthiogttingl prAnp - Si ze
precipitated cal cium carbonate), the pH (7.8-8.0), alkalinity (150-200
p.p.m), and hardness (100



5 ‘p.phnll_gi_ghg“paper maki ng stock were adjusted using the appropriate
amounts of [err], NaOH and [err]. The following wet end addition sequence

was used:$ﬂﬂlﬂ isgd Ng agents were conbined with cationic starch
(0.49% an ﬂﬂﬂﬂﬂﬁﬂﬁlﬂ"ﬂe paper machine after the stuff 10 box,
fol l owed by sépa¥rat®e addi=ti on of filler éZO@@, alum (0.1%, and a high
mol ecul ar wei ght ani oni ¢ pol yacryl am de2®etention aid (0.01% . Stock
tenperature at the white water tray was controlled at [err]. A dryer
profile that gave 5-6% noi sture at the reel was used (3.0 neters /mnute
paper 15 machi ne speed). The results of on machine and natural aged
si,.zing testing of the paper nmade by this nethod are shown in Table 2.
Clearly, addiG¢ipEMB urated fatty acid to-the conpletely unsaturated fatty
acid feed stock gave a 2-oxetanone sizing 20 agent with increased
sizing.efficiency. Based on the results of IBM 3800 testing, this increase
in sizing efficiency is optained at as good or better paper_handlin

per f or mance. - 2B . N $1eing Fonpesition that cis Mot a gelidak 35°C
7-Day for Makik®) comprises L£Vitixturéofbz+oxétandid compounds that are

the reaction product of a mixture of fatty acids comprising
about 10-85 mole % saturated fatty acid and 90-15 mole %
] unsaturated fatty acid.

2. A sizing composition as claimed in claim 1 which
comprises a mixture of 2-oxetanone compounds that are the
reaction product of a reaction mixture comprising (a) a
feedstock comprising primarily unsaturated fatty acid and

10 (b) a feedstock comprising primarily saturated fatty acid.

3. A process of preparing a 2-oxetanone sizing agent
as claimed in claim 1 comprising providing unsaturated and
saturated fatty acids and reacting them to form the 2-
oxetanone sizing agent.

15 4. A process of preparing a 2-oxetancne sizing agent
as claimed in claim 2 comprising providing (a) at least one
feedstock comprising primarily saturated fatty acid, (b) at
least one feedstock comprising primarily saturated fatty
acid, and reacting them to form a 2-oxetanone sizing

20 composition that is not a solid at 35°C.
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Sizind AgenL.

— 1b/taon) . HST (sec) 5 EMERY 135 (control)
1

2.0 21 EMERSOL 221 (control) 2.0

11:1 EI\/ERSC]_I lmnum lﬂfﬁl "lL 2.0 3 4 4:1 EMERSOL

221/ EMERY 135 2 EMERY 135 (control) 3.0
142 130 0 ¢ - " ¢ ENERSG_ 221 (,control) 3.0 7

7 1:1 EMERSOL 221/ EMERY 135 44 4:1 EMERSOL

221/ EMERY 135 3.0 15 24 EI\/ERY 135 (control) 4.0
283 242 EMERSOL 221 (control) 4.0 32 35 15

1: 1 EMERSOL 221/ EMERYTH&5compdsition or pi&cess of 183y Jof THhE&ERSERcERINGVERY
135 4.0 F h t d ' b
1mg3where1n e EQQ% §c ébqﬁ fgggp%g§¥ - §6+§+§a§ e

seen that the® |nvent|on provi y and
hi gher S|2|ngﬁ%#ﬂt%t%@c§a¥ﬁﬁr%C¥§ﬂ38¢z#hguhtSéqﬁﬁlmQDe ] un$aﬁ%¢ctem
addi ti on) thagaceypraesd®! € sizing agents made primarily from unsaturated
fatty acids. In addition, the data in Exanple 1 shows that the invention
provi des better converting perfornmance than conparabl e sizing agents nade
primaridy from satér atThe f edhposition cdrprocess| gf ¢h2iR55 hereimvelnéi on

provides the pgsty bal AR Coffr Phéd "Io&iL | 50555 Yn81E £ O0YELFACLa PRLLE) "ROEE

and about 70-45 mole % unsaturated fatty acid.

7. The composition or process of any of the preceding
claims wherein the composition is liquid at 25°C.

10 8. The composition or process of claim 7 wherein the
composition is liquid at 20°C.

9. The composition or process of any of the preceding
claims wherein the fatty acids are monocarboxylic acids or
monocarboxylic acid halides having 6-26 carbon atoms.

15 10. The composition or process of claim 9 wherein the
fatty acids are monocarboxylic acids or monocarboxylic acid
halides having 16-18 carbon atoms.

11. The composition or process of claims 1-8 wherein
the saturated fatty acid-.is selected from the group
20 consisting of stearic, isostearic, myristic, palmitic,
margaric, pentadecanoic, decanoic (capric), undecanoic,
dodecanoic (lauric), tridecanoic, nonadecanoic, arachidic,
and behenic acids and acid chlorides, and mixtures thereof,

_—
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-24 -‘Exanple 3 This Exanpl e shows preparation of a 2-oxetanone sizing
agent madefroma m xture of unsaturated fatty acid and a fatty acid source

cont ai ni ng acid varying 5 from16 weight %to 60 wei ght
% 2-oxet amnmmmma}bﬂmgus were prepared by nethods used conventionally
to prepare gomneercl al kyl ketene diners. That is, acid chlorides were
prepared froma nixture of fatty aci ds"#&i"ng a conventional chlorination
agent 10 (phosphorus trichloride), and the acid chlorides were
dehydrochlorinated in the presence of a suitable base (triethyl am ne). The

unsat ur at ed faaid yeher vhsatagsitesk fatty aroild s adlEdted rfxonamms | group

| noor por at ed it it diPd i 261 AU © IR 52 ialatb dalids oc O

was 15 [err at'urates, sd av g from Hercu ncor por a

Panol yn Sat ur@yrdstaiadicls hexadacenois (palgitoledn)ur aatpdegadiendids
g gri nar Hyo/st a_rxidaeasaiita)icgng ??&a&rﬁfiréda l%’i_t(u!i&kﬂ%rfiﬂit,y éél@d%éﬁd&wt 'calzi)y
wei b ol eic .aci d an wei ol i nol ei ¢ .acid). - oxet,anone
controP sizi r&?‘fé’éﬁ& s W@W%WW%Mﬁ%t@éﬁﬁW%k 131,
such that thgeremid)i,ngdnomehodmt(brassidic)si gind domisapsmohdriiie/ aci d.
Another 2 oxe{ ANONGAI1G 30ANs o Tl (ABIIE Y hrid AN s TV
oxet anon dne nma

controls 2- e sl zI'ng agents were prepared, e using 25
Emersol 221 &heraefi-her nmde using Pamak 131. 2-oxet anone

12. The composition or process of any of the preceding
10 claims wherein the saturated fatty acid feedstock comprises
at least 80 mole % saturated fatty acid and the unsaturated
fatty acid feedstock comprises at least 70 mole %
unsaturated fatty acid.

13. The composition or process of claim 12 wherein the
15 saturated fatty acid feedstock comprises at least about 95
mole % saturated fatty acid and the unsaturated fatty acid
feedstock comprises at least about 90 mole § unsaturated
fatty acid.

14. The composition or process of any of the preceding

20 claims wherein the mole ratio of the unsaturated fatty acid
feedstock to the saturated fatty acid feedstock is about

15. The composition or process of any of the preceding
claims wherein the reaction mixture additionally comprises
25 (c) an alkyl dicarboxylic acid having 6-44 carbon atoms.
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sizing agent-—-enut-si-ons—wer e prepared according to the disclosure of U S

patent 4,317,7 ' hs niggcor porated herein by reference, with
parti cul ar rélﬁﬁgrﬂml@mﬂamre 5 -25 - of the patent, and the sanpl es
wer e eval uat Al SA zes. Laboratory tests indicated that the

2- oxet anone si zi ng agent nmade from Panol yn Saturates by itself gave the
best 5 si zing performance. The bl en®® of P-131 and Panol yn Saturates had
si zing conparable to the other control sanples. -26- 1. A si zing
conposition that is not a solid at [err] and conprises a m xture of 2

oxet anone CONPOURES t Adle Johpodd HidH ldr0PridcedeC oOolc1a i Hislwhedle i ithe

aci ds conpri sj,n bout. 10-85 Ml e % saturated, straight chain fatty acid
and 90- 15 mﬂd%é% %ﬁ%u%ﬁf4fh%i/ o1 §1.carbon axams.’ o conposition as

claimed in claim1 which conprises a m xture of 2- oxetanone conpounds t hat

are the reaction,grod 1.0 Inké% C LSis d ck
conpri si ng pri.mag'?l'y uﬁq?a%,ﬁgésgﬁgh& acl lé%%g %é&%%g&s%?&g%%gﬁpﬁh% ng
primarily sa@dcRArhexysiiqiagid g P tqarkon) athms. A process of
preparing a 2-oxetanone sizing agent as clainmed in claim 1l conprising

5 18. The composition or process of any of claims 1-14
wherein the 2-oxetanone compounds are 2-oxetanone dimers.

19. An aqueous emulsion comprising water and 1-60
weight % of the sizing composition of any of the preceding
claims.

10 - 20. Paper made under alkaline conditions and sized with
the sizing composition or aqueous emulsion of any of the
preceding claims.

21. The paper of claim 20 wherein the paper also
comprises a water-soluble inorganic salt of an alkali metal.

15 22. A process of using the paper of claims 20 or 21 in
high speed converting or reprographic operations.

-
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provi di ng unsaturated and saturated, straight chain fatty acids and
reacting themto formthe 2-oxetanone sizing agent. 4. A process of
preparing a 2-‘oxetanone sizing agent as clained in claim2 conprising
providing (a) at |east one feedstock conprising primarily saturated,
straight chain fatty acid, (b) at |east one feedstock conprising primarily
saturated, straight chain'fatty acid, and reacting themto forma

2- oxet anone si zi-ng conposition that is not a solid at [err]. 5. The
conposition or process of any of the preceding clains wherein the fatty
acid conprises about 20-60 nole % saturated, straight chain fatty acid and
about 80-40 nole % unsaturated fatty acigl.- 6. The conposition or process
of claimb5 herein the fatty acid conprises about 30-55 nole % sat urat ed,
straight chain fatty acid and about 70-45 nole % unsaturated fatty acid. 7.
The conposition or process of any of the preceding clainms wherein the
conposition is liquid at [err]. 8. The conposition or process of claim?7
wherein the conposition is liquid at [err]. -27- 9. The conposition
or process of any of the preceding clainms wherein the fatty acids are
nonocar boxyl i ¢ aci ds or nonocarboxylic acid halides having 6-26 carbon

atons. 10. The conposition or process of claim9 wherein the fatty acids
are noncar boxylic acids or noncarboxylic acid halides having 16-18 carbon
atons. 11. The conposition or process of clains 1-8 wherein the

sat ur at ed, stralght chain fatty acid is selected fron1the group con5|st|ng
of stearic, isgs .
decanoi c (capr

A sizing composition for fine paper that is not solid at
35°C and comprises a mixture of 2-oxetanone compounds that
are the reaction product of a mixture comprising about 10-85
mole $ of saturated fatty acids and about 90-15 mole % of
unsaturated fatty aéids, and preparation and use thereof.
Paper made with the sizing composition does not encounter
machine feed problems in high-speed convefting or

reprographic operations.
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4t01635-9
nonadecanmc _arachidi-€;- -and beheni c aciels and acx d., chil orldeé“ ’ém [‘mﬁ?turé
and the unsaturated fatt ty acid is sel ecte *f‘romth’e‘ gr8ifpr-- o patid...

con3| stl nglﬂﬂ Mﬂr“ IUII r" F dodecenoi ¢, tetr ad] ﬁ01 o (’nyr |Ps‘to &t é? Pd““‘j 2
hexadecen oct adecadi enoic (Ii norei ai’ dr C) porred 1 iuwd

oct adecat ri enoi c i nol enic), eicoseno2@- (gado] E'I'C) el cosaté{ I‘aél’ld"r'* od ..
(arachi donic), docosen0| c (erucic), docosenoic (brassi d| c), and
docosapent aenoi ¢ (cl upanodoni c) acids and acid chi dprges; ¥ ahgrvmmt uedsis

thereof. 12. Allsiingoogopositiopnthat lq)lnotcassnhdfatazspc‘b'ﬁ“ d eémpfi BTNE
wherein the saturated, rg;{ﬁ ﬁ?ht chai n fat t(% aci d feedstoc{é |ses at
| east 80 MEFENONS SPMPYYNLS tha rgithnreaction Rradyet of 2 mixuceof a&qmpatsgts

fatty aci dbbgetigigschoRO%PEdtaREed Tstﬂa%ﬁ'bhgﬂ 61y Qchd ws@usarheré §atitatarated.

13. The corrp05|t|on or process of clarm 12 erein the saturated, straight
chai n fat f9tt%@éfid- f eedst ock conprises at |east about 95 nole % saturat ed,
straight chain fatty acid and the unsaturated fatty acid feedstock
conprises at |east about 90 nole % unsaturated fatty acid. 14. The
conposi ti @ or AsiEigs Sompotitign @ elpimegr b slaimg! ovhirhrcomnsises e Midturmioé 2-
rati o of f

chain fat ?3&559'3@? gélﬁgig tﬂ%{syrggg%ge affﬁ%‘{’i]?&?l& b2 P&%géﬁﬂiﬁ?eﬁ_ﬁ%mgrgéﬁdogﬁ'h on
or pr oces deadstanky cahptisiag priewelyi ngsaturateds fathe asidn and dblr eatsedstacki comprising

addltlonall d rboxylic acid having 6-44 carbon
at ons. x‘f’ﬁg’@a i Edf%&éﬁi‘ﬁ%'ﬂ{(yagé’s if claim 15 wherein the dicarboxylic

acid has 8 36 carbon atons. The conposition or process of claim15
wherein t r?ie di (Aa;r)r%%éys ofC prggér%g a E—oxetagone sizing agent as claimed in claim 1 comprising
providing unsaturated and saturated, straight chain fatty acids and reacting them to form
Ner the 2-oxetanone sizing agent.
4, A process of preparing a 2-oxetanone sizing agent as claimed in claim 2 comprising

providing (a) at least one feedstock comprising primarily saturated, straight chain fatty
acid, (b) at least one feedstock comprising primarily saturated, straight chain fatty acid,

and reacting them to form a 2-oxetanone sizing composition that is not a solid at 35°C.

5. The composition or process of any of the preceding claims wherein the fatty acid
comprises about 20-60 mole % saturated,_straight chain fatty acid and about 80-40 mole

% unsaturated fatty acid.

" 6. The composition or process of claim 5 herein the fatty acid comprises about 30-55
mole % saturated,_straight chain fatty acid and about 70-45 mole % unsaturated fatty
acid.

7. The composition or process of any of the preceding claims wherein the

composition is liquid at 25°C.

8. The composition or process of claim 7 wherein the composition is liquid at 20°C.
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carbon atons. 18. The conposition or process of any of clains 1-14 wherein
the 2-oxetanone conpounds are 2-oxetanone diners. 19. An aqueous enul sion

conpri si ng 1 = ight % of the sizing conposition of any of the
precedi ng &n'muﬁmﬂﬂlﬁgu r made under al kaline conditions and sized with
the sizing eonpositl «agueous emul sipgn. of any of the preceding clains.

21. The paper of claim20 wherein the paper al so conprises a water-sol uble

inorganic salt of an alkali nmetal. 22. A process of using the paper of

clai ms 20901 2¥hb RoMpokitisin 8F Brocesy/ 6f iy sk e gfr@ﬁdﬁﬁf&ﬂhis%ﬁé}@ﬁ\%b%ﬁy acids~ 29
- 16. The conposition or process of claim 15 wherein the dicarboxylic acid
has 8-36 @rHepecarkaxylic aqids enmopeeaseMWic gpiddalidgschaving GR6qagham atsMgher ei n

t he di carboxylic acid has 9-10 carbon atons. 5 18. The conposition
or process of any of clains 1-14 wherein the 2-oxetanone conpounds are

2- oxet anon@. di ifbe sompositipn ox derasss ok wlain i Hwhewirpthesfatty aidsareamdngargexylic

20, *" Pape fuigh S GBI AiAEE g T % o BORECT "0 e & T ng
conposition or aqueous enul sion of any of the

11.  The composition or process of claims 1-8 wherein the saturated, straight chain

fatty acid is selected from the group consisting of stearic, isostearic, myristic, palmitic,

margaric, pentadecanoic, decanoic {capric), undecanoic, dodecanoic {lauric}, tridecanoic,

nonadecanoic, arachidic, and behenic acids and acid chlorides, and mixtures thereof, and

the unsaturated fatty acid is selected from the group consisting of oleic, linoleic,

dodecenoic, tetradecenoic {myristoleic), hexadecenocic (palmitoleic), octadecadienoic

N {linolelaidic), octadecatriencic {linolenic}, eicosenoic (gadoleic), eicosatetraenoic

{arachidonic}, docosenoic {erucic), docosenoic {brassidic}), and docosapentaenoic

{cilupanodonic) acids and acid chlorides, and mixtures thereof.

12. The composition or process of any of the preceding claims wherein the saturated,
straight chain fatty acid feedstock comprises at least 80 mole % saturated,__straight chain
fatty acid and the unsaturated fatty acid feedstock comprises at least 70 mole %

unsaturated fatty acid.

13.  The composition or process of claim 12 wherein the saturated, straight chain fatty
acid feedstock comprises at least about 95 mole % saturated, straight chain fatty acid
and the unsaturated fatty acid feedstock comprises at least about 90 mole % unsaturated

fatty acid.

14. The composition or process of any of the preceding claims wherein the mole ratio
of the unsaturated fatty acid feedstock to the saturated, straight chain fatty acid
feedstock is about 1:1-4:1.
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preteding clains. 21. The paper of claim20 wherein the paper also

conpri ses a“mwwwmﬂ mgor ganic salt of an alkali nmetal. 15 22.
A process otls mem of clainms 20 or 21 in high speed converting or
reprographi ¢ opératidnhss . -

156.  The composition or process of any of the preceding claims wherein the reaction

mixture additionally comprises {c) an alkyl dicarboxylic acid having 6-44 carbon atoms.

16. The composition or process of claim 15 wherein the dicarboxylic acid has 8-36

carbon atoms.

17. The composition or process of claim 15 wherein the dicarboxylic acid has 9-10

carbon atoms.

18. The composition or process of any of claims 1-14 wherein the 2-oxetanone

compounds are 2-oxetanone dimers.

19. An aqueous emulsion comprising water and 1-60 weight % of the sizing

composition of any of the preceding claims.

20. Paper made under alkaline conditions and sized with the sizing composition or

aqueous emulsion of any of the preceding claims.

21. The paper of claim 20 wherein the paper also comprises a water-soluble inorganic

salt of an alkali metal.

22, A process of using the paper of claims 20 or 21 in high speed converting or

reprographic operations.
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