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TI.,TLE: SWOLLEN STARCHES AS PAPERMAKI NG ADDI TI VES

Field of the Invention . The present invention has to do with
additives used in_the wet end of the paper naki ng processes. Mire
particularly, the 5 invention relates'to swollen starches ' dded
as dry st WEN¥(M92ddi ti ves in the papernaki ng process. WQhB%?§?@B i on
of .Rel ated-Art Paper is manufactured for the nost part from wood
pul p. There are nany different kinds of vvood pul p: nechanl cal pulp 10
(ground wood), sen q¢heRt CodwollEN. STARCHES A8 IFAPERMAKEL E&raft pulp,
soda pulp, and the |ike. Sone ar b er mechani cal nmeans,

ot hers by a conbination of nech em cal, , npans,

d.s b
chemical neans. Tfhe rﬁ?ﬁ&ﬁ#chﬁ“’eﬂt’-%%scﬁﬂt%‘? ﬁé‘-téhﬁgflhﬁ’c‘f%? I‘ﬂ?egl A0y ﬁlge vvgod
except  the baék @iyl oS thehpapérmdkitiar bpocessesge More partibpuerdyi,okhe
Sem - chen cal ventidfl Ry g'i:ﬁ p%t% 11¥%nf Eﬁﬁr&f)eé Wil a@eiﬁféﬂ a’uapy

however, are gssent| al ul ose, e unwanted [1gnin and ot her
non-cellu- strengh %Héﬁt%ﬂ dJihe PAPREBAKIRE iRRPEESEN di ssol ved away by
t he Serist idre @chi b Aty Because of this, chem cal 20

pul ps are nuch SL%%ﬁééH t Hﬁ £§gu¢§3 fggdtﬁgnhoé%uggf%akrgﬂlﬁgbd pulbor fine

paper maki ng. because speci q d,
they afe t ooTRRFRATSY Many §ifferent é‘iﬁ’ﬁﬁn goﬁ&é‘g puslF"of m??‘b?%‘?ag? %hpig
cheaper goadegro&n@amd)sushmascwmm pulp, sulfite ipulphespligLe oers were
the onl y congiLpuepify OfeoaaPilch, el 1ikle usdid!luesprapasde tyaper

i C

woul d be very rest

because .t he s eet | d
yel | owi sh coPBFelﬁnEPChamé’G&l Bears . é’s?u‘l’?‘ébjtmq‘r“f’g mepcifaﬁilgalupon
with ink. |fand chéeicdicateans; ahd rsomet bvoahémb@al meansar cBhe tneghanispl

printed o V3B bBSAOSbEeahACaLY 13 RAECOSSH Yexddhthtnd bl idher 30

i ngredients, as sl zin ents the

cel | ul osit8 f ithatslest i S59529% { n?B"Fﬁ%H 'Han%em'&‘%mea
Many papers, puipsparéhhpamiisdlyefite¢ ypied ignint er Chapiral pudp, howeNeyn, are
packagi ng papgkant Wiy Na8.AckNete GirRiantell Lighimdiad othed ndtaral luRe

o na i o addedipoconeotania oF,EhE vod Hatslg, bER Bigsotvetaud @ﬁﬂﬂﬁ ter
paper, to |m$1ngsa8@&mmnpehm@“ent- Berauseyof |'@|1}Fels° &R mon
si zi ng agRnt sAps addefiudly dupRrior to mechanicd® 8@dOdiitchemical pulps
PCT/ US96/ 106 or fine papermaking. However, because of the special process—
ing required, they are ‘too expensive to serve as a main source
of fiber for the cheaper grades of paper such as newsprint.
If the pulp fibers were the only constituents of a paper
25 sheet, the usefulness of the paper would be'very restricted
because the sheet would be soft, have a yellowish color, and
could net be successfully written or printed upon with ink. If
the sheet was thin, it would be transparent to matter printed
upon the opposite side. It is necessary, then, to add other
30 ingredients, such as gizing or coloring agents and fillers to
the cellulosic fibers to produce papers suited to their many
uses.
Many papers, except the absorbent types, filter papers and
most packaging papers, must have a finely ground filler added to
35 them, the purpose of which is to provide opacity and whiteness
to the paper. Sizing is added to the paper, other than absor-
bent papers and filter paper, to impart resistance to penetra-
tion by liquids. The common sizing agents are added to the



stock (i.e., wet pulp, nore specifically, the brepar ed paper mak- I ng

furnish) before it is forned into a sheet. These may be acid, neutral
and al kaline sizing materials. Acid sizes are typically rosin based
and preci pitated by aI um Neutral sizes 5 may al so be rosin-based, but are
used at near Al kal i ne sizes are synthetic gg;&r%n

as al kenyl suc anhydri de (ASA) and al kyl ketene di (ﬂ uch
si zings as : descrl bed in this paragraph are known in the trade as

i nt er nal sizing. 10 The termsizing is also used in a second
context in thstock (Hapsr, waﬂLp.iIg/, mbbesspecifitally,i shé epareds p&béﬁﬁak
sizing. It m&“ﬂfﬁ{ h”BHlﬁ E%r Eé?méﬁzixﬂ% RN SHLOE'S! YrrfiRRC Wabe
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seal the geE@sivda iRC PP SParagraphabfe Skridwif 1@%@%95%& fa%ahﬁiei-ﬂg{ef -
tance than internal sizing for certarn types of papers suc witing
papers, print?HtMpers and sone wapping papers. It is i mportant to

surface sie paperThehdermssiziny iis adsof bsed jn insecdhdicxntExacdasthence

this prevent spigés aftiduatel . swﬁﬁé:eetzbharasm known! B8 A@RGlcd $iFRhgt ened
w th water ontie‘_nps surface.slzé is,to

apply the sizTh %%é’@nf:h?o”b‘%ﬁwa%l g“?B? ?’?’F‘e"ﬁ?é‘ﬁg?’ g‘fs‘flﬁé’%dl iz ﬁP@Eslt
| nherent in 1is appkiad Secthe surfpgei ofsthe wapsx shepeoit camentiscbhenke it

ex- 30 pensi veibérsip theanBodyid¥ dhe papslf&idndepoeitsf a thsreSicke 1@8st he

surface t Mﬁ¥ el 3s q [ Y, th S
t he adde sexgg%se of evap g?g&mﬁgbﬁgt g{r;P%‘E ed §u§'?'%&é siz&m‘%pef W?ﬁ §°
di | ute suspenB¥ANIH & ﬁ@°§F§eha’(§)rﬁ\'ﬁ'ﬁP99t Waich Mill notscateh & @enowhen
starch deri vathe epapexh mmﬂtm dipon( WL1ENIgt itk o6pVEf ttafe Papethis

Starch has | opg; DE&D &I ﬁg:gr Tah&ewifl %‘Le ’%%QeEeﬁi%unﬁ ’ Q’Sg?éﬁs heet

in the rranufacture of pa er exa all,
Starch: Chem %’i‘lf'y ﬁﬁB“%’gy’ "RE&B@ a surface size is that oi
-2- 20 resistydce’bd00Be paper is improved since the size tends to seal

PCT/ US96/ 1066€ne pores BEe§§e|§EberJVe§h¥Qé&e SNzivy mag bégﬁg grdddale i mpbr-
For this t% %o%tﬁ L S aq_ ed_to thle S'tnép! € roced re a
pr oduces rhﬂ'ln ﬁﬁ? TG FOR FRETRN" SYPEE: P ?I&E“ﬁgd #n
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important to surface size paper that is used in an offset print-
25 1ing process since this prevents loosening of surface fibers when
the paper is moistened with water on the press.

A common way to add a surface size is to apply the sizing
agent to both sides of the paper at the size press. Inherent in
this process are various mechanical problems which make it ex-

30 pensive to apply and maintain a uniform layer of the size on the
surface of the paper. This mechanical equipment is costly, and
there is the added expense of evaporating the water added to the
paper with a dilute suspension of the size. Commonly the size
is a starch or a starch derivative such as an oxidized or enzyme

35 converted starch.

Starch has long been used as an additive to strengthen the
paper sheet in the manufacture of paper. See for example Whis-
tler and Paschall, Starch: cChemistry and Technology, Academic
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5 U S Patent 2,805,966, issued Septenber 10, 1957, wherein the starch
slurry was heated In a steaminjection cooker. This was said to permt
control of the heating so that the nmgjority of the starch granul es were
swol | en but not ruptured. However, the tenperature range over whi ch
granul es of starch swell and gela- 10 tinize is |arge.

process only a WB(W’P?%}] of the granul es coul d be obt ai ned I N t?’ue dazsi red
swol l en state. Sone starch granules were still unswollen and hence

usel ess as an adhesive while others m ght have been sol ubilized and not
re- t ai neRkass tine.paNew. Ydrk, NY VoDnez néitd6Gd ChaptemiVif.a Eedirthisvhose

awg' ! en ar ?mﬁxﬁsp 2 ge& arch f;lss degb&gﬁét@néllgﬁd&& .agrhfd | grocetrdi ﬁédlidéisbl n
reac- ti gt 55’5'&‘!" R WRbery Hﬁgﬂthﬁem]trﬁ%fﬁf’ga‘ﬂ%]ty rs?%raggfastiairﬁge y

di spersi on i npdymr whieet. ahnl imppevesentr batstarchncopking aas digcrosed in
vi gor olis 859' t@ts Ofbéten'i:eﬂdséstm ,Stiakaba SseptthilnRrasod DY wheresh Othe

additive. t hese treatpent i r,e and be
starch.is onI ?)%ﬁsl'{ sé'I“FFr'é?%%ﬂ?& nifhd 3‘%‘@'} in ecéi%’étcmtkﬁg E‘ é%%]
never found asaizbttangeermitttentrglecfnthe-heating;southay %%ﬂwitz?f

A second met hgge t4 Al gPafubés et e \BREE1ENUULE hog! 2ipt@fed. HOWEVEr NGihe

di sintegrate durpa]taa‘_ig_l tat | on &ﬁe;rsglglgkﬁéle&dﬁﬁ °§ 5a5c£%&& 4nd2 e]'.3§7

I ssued SepterTY) CcCo reacfing t
starch with coinige J@ntlmrsﬁy orEysmodphthis PrQQﬁ§§ é'ﬂilbr‘r‘ Rexrtden of the
oxychl ori des. giféimma du18UDE Estitafinelatint Eite Hegiredusws1 ey kitalre .usséme i n

e Ul act U] fegln AR oR0gbTe oti1a! (BSHoPIAF Ui HIALE MiGlec’ QHNEh

accept ance i n® I'nd the products

descri bed shoshesiveshile otpers mjgm have RReY Siibid éz'iﬁniﬂdp&m‘-. EeTy

ret ained in thginea iMptle phper. 35 ‘1t would therefore be an advance
inthe arfgif an a&gét.re\eﬁoa to aﬁrandgsgexﬁaﬁw&yecews riieqr 88" aé€d
into the paper sto ri or

t t hat
woul d i npart dlsl“‘l‘?ﬁﬁ%?e&“FM“érmta&leﬂeY’?g rraéfﬁg‘blqsﬁg bﬁp‘(&:‘r S. IF{;%'SI& oo

properties 2,113,034, issued April 5, 1938. This3was accomplished hﬂ)reac—

97/ 00921 n of starch w1th formaldehyde. Tﬁgjyﬂéaﬁ@£1ﬂ§GEES1stant goul d
be inparted w tﬂout causji ngeget rinment al

n
questi on woul G1FPREEIA AP DotcBRteie 31 Fﬁguh’r‘?s etreatm%fe'ﬁ/t& aq‘q‘%l?hxgdl
properti egoof vigerbus aditattioneto pegndlerathecstarch suitgbhe aas [auPAPeSt r engt h

and tensile S&r;serat&dﬂﬁe rmaeved.-éami GQaﬂﬁeQé ﬁmmdttra@ma@twuha

be an added e nomc nef.i_t A se_0 tive of
‘this type. becad I&? fﬁaﬁgpef%r"éﬂa}’n éggl% %ﬂgﬁle#vgﬁtéo%rka?;%r ovi de a
new and i sbeetedthe oreducs, hasnaver §ovndhacerrtance 18t the RapsrRgnu-
factured paperabyutirg atkthistey.of a specific additive to the 10 stock

duri ng thGepaper Ml g G Rthoa to obtair’al HELPEK HRIRCbubs1eR dHabitade an

agent of Is type
would not disintegrate during agitation was disclosed in U.S.

Patent 2,328,537, issued September 7, 1943. This was accom-
plished by reacting the starch with certain antimony or phospho-
rous chlorides or oxychlorides. The patent suggested that the

30 products might be useful in the manufacture of paper. Again,
these products have never found acceptance in the paper manufac-
turing industry, because the products described show limited
swelling in hot water and are only partially retained in the
paper sheet.

35 It woulad therefore be an advance in the art if an additive
were discovered which could be incorporated into the paper stock
prior to and/or during the sheet formation that would impart
improved internal properties to the paper. If such properties
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i nprove properties without interfering with the other additives and

subst ances used in the makeup and manufacture of paper and W t hout
showi ng adverse effects on the chem cal and physical 15 characteristics of
the finished sheet. Anot her object of the invention is to provide
arf additive for inmproving internal properties which isr | 13 the
paper duriW&WW%heet form ng process. An irrpom)ﬁ]g&g‘gf%ct of
the invention is to provide an addi- 20 tive for inproving properties of
manuf act ured paper which will operate on a w de variety of paper

stocks, is safemldobhaimparted] without| tausing tletpinemtdl widlecdf Sémte, the
orovi de & metkeg ey h Guestion woul8 Rl relly PEbolitanbe thitES AR paper
by el oyi ng MFecyere it die RESPAFELRG G hen SANALLY, SOFRER, BaPRr ARFIF Ary
strength to tsheH asi bhesit pstpmngtht anictensile strergth iwdre imphevedlijyect of

this inventi %45.% be SVidifitive, tAl8 wdhIte! hCaddda RRRAONI BMeretit
readi ly prepar ea??n ose I T en anul.es do not. di sintegrate when

i S\WO r
subj ected t o %7 R gained thrpush usg of ah additiye of This,S¥PEnd" as it is
used herein refer gtt bst thergfore an obfjechefpiper inkentiqn doeprovids @diney

the st Ockhpr S ??t.rmijthe& hﬁ‘et%hhod Fopr Qﬂﬁ@rﬁtix@/\’sﬁgét éﬂ&f&&éﬂ@fu@éré? Gantile t
paper machine_prior to ryer.sectian. ‘os .. percegntages se
Porth hor of n tAGEuea, Beper b toes SaRAEESH 'SH)p PRacipia ddisive €' ik
-4- 10 stock WEr9Hg OleL papermaking process.
PCT/ US96/ 10662 A further object is to provid¥VARYagbnt [z WNYENEYEN to
Starches fromvarious EI ant, sour.ces gan be eeg_l oyed ac&ord- (g&.to t he
i nventi on pr oYARFEAY®: REPPE $ JAEDRPE IR SHFeE 1P th the i%ﬁ‘eﬁrﬁé Ves
The starches arsh subskaucés atsest ionkbei hakenp Bndnanufactudfe ofdpaper andd -
\l;ﬂ_moﬂl fied Sg@%ﬂ{ag& Qﬁgwﬁ‘n%f[é&\%%s@f effectd I has ti:%@ﬁi&l#]f fa@iaeﬁhxé§fjﬁﬂtlﬁes

ich ar Lfied. or.upnodi res thereof, provide ey are
gr anul ar grrg ‘f}h%ra(%:ﬁﬁ?f 1es Jnée‘rnlt?'s? ﬁ%egg?%%)%%eﬁ%'smel ling properties.

The wet end addit iApetherpeRiettoPfothehinyertden df o praiideyanpaddiriye
control |l ed swbd iiagproirihdgeintamile propertidsamhliichl iisryetaind@ainnthe gapsxdry

subst ance cowgarthgnfﬁge@bf | % M\chg@‘se - solution wherein swoll en
arc - t

non- br oken st granules are nal al ned i.n suspensi on . as a .
col | oi dal di sper sif8n iBPoEtant pbigGteof the jnventign i& 49, Proyifesen aidis
t he i nverag ontiwe Forwimphexing Fropentliés ot manulfactuped paperhwhiclh wildry -

substance frofahay off a%ide variekgUbs3pBerd stoksd SUdRN tOhuABLd 8

about 1.6 n1/£qf¥n£ﬂ%art to the finished sheet desirable characteristics.

Another object of this invention is to provide a method of

improving surface properties of manufactured paper by employing
25 a new additive at the wet end which imparts improved dry
strength to the finished paper article.

A still further object of this inventioﬁ is to provide a
starch additive for paper that is readily pfepared and whose
swollen granules do not disintegrate when subjected to vigorous

30 agitation.

The term "wet end" as it is used herein refers to that part
of the papermaking process including the stock preparation, the
approach flow system and that part of the paper machine prior to
the dryer section. ' ' :

35 All percentages set forth herein are by weight unless oth-
erwise specified.



about 100 m ./gram and cooked sol ubl es from about 0.5 to about 50%

The conposition of the invention is obtained by enploying 20 as a starting
material a starch suspension (also referred to herein as a "slurry")
having a dry substance concentration of about 30% or |ess and by

carefully control l'ing the swel i ng t enperature and/or pH [ 3] ons to
avoi d or n1n|rﬁﬂﬁ?ﬂmwgldis- rupti on (breakage) of the swoF%&ﬁgg%@ﬁ | es.
When these -condi- 25 tions are not properly controlled, the granules
become di srupted and a one phase solution is made which is not as

effective as t he two phase SUMMARYO BF Ofmit NeNVERYEOR I ONn When used as a
wet- end addi t ot her han the ara f tly
swol | en accordi ng tgrf:Hgs VP5A°Ys Pﬂ?ﬂ sr?u ceQ +q'bet{g;§§ngggg§8 %é&l%n
granul es on ting visb the m*eerpap@r mvm@%@aﬁ%é eYIliaY% Rriedictable; s¥ellre of
t hﬁ i nventi onidg ;&\Wel ktfiée. Ofyells@artHed EdiibeOhbatified oﬂ\m&m&diﬁs?]d o

achi eve i mumyvol ume for.1 [ L. & i t

br eakagemi.’x lﬁ’c?ﬂ?%ree s \%eﬂo?"l’é'eréggﬁ a LS‘& lere? %lﬂarcl%%s \H;}"‘\ég‘q?%%%u ‘gﬁ of

t he paper makistarehss fyontdifferent, &QPEG% whigh are medified graHpmedified
conpl ete theigy gﬂaaidrabzahéﬁbf, provided iy e gramiliar wnds thaceompo+ he

starch suspenS| onsglave Qh . sane ﬁge??llga &% &E@rtl ng materials of the

i nvention wilT para us enp| oyed to cause
swel ling. A rel a- The wet end addrt::l.ve composition of the inyention is pre-

WO 97/ 00941l pared by controlled swelling of the grank(dd UG Hiawzh slurry

tively hi gherh%pmﬁrg rsgeag%sgig%%naﬁego BRSNS tweo Pﬁﬁé em

than in a bat ranu es are heate

a conti nuous 59!5‘5‘%?9%#&959&“I%MW&P}}‘P@‘W’E&“‘"’*‘ %u]eﬁﬁj aE'PeQR’-Because
t hey are onl ytained |in exppenslidrm dsha cblbeidal Wispersiowy of stazchti nMoxs -
system (such Cé&[&ﬁ; Vi t ation
up to about 3€§/e éﬁﬁ:&ﬁ&f nra%l s)lt‘i.ﬂggﬁf‘ %%iilﬁg‘g&??e%% ﬁwz;grﬁgr%ia%o
3% to 1%bo§‘t'°&b% s§ﬁ&'°ﬁn§‘[‘s 39n, BRYLRY of, Yo GRPSEARGE

bat ch syst em tbhabmitiraog ,cancdekesl swihlilesuislume Erovnakont k4 mlygranpte o

about 30% prghgaebioo Wi .Y grad?%ﬂd 2 UUKelDES] RS RIS £3BhY about fo FMtabaubug% t 0
about 10% and rrgst prefera y from about 3%to about 8% The

opti num t enpe P2fure and pH conditions will vary depend- i ng upon the
type of starch enpThysbmpogitien of the jpvenhion 3ssphtained b Employing

Gener al | ya¢ or aBegt Q‘Ehx%&s'fqeﬁﬁtéﬂ@ai Wa&—ch suspetisionafal 86 geefaredltout 55C
to about 95[e&rﬁ ?Clﬁna?ﬁ)t he'sRurrj?‘ph havir g.edi' Oyexgé{%%ﬁ T:Qn(t:gn %é:l%fo

General ly, hi enper a- res-a ower an | ower
t enper at ures abeut 30%mN dpsd apd H’W%&fu éentrollings the ? N9 phase
swol | en st ar clkempapatiste andj/ot hpH | coiriitions b cavoist prepinixnize ttheadilse

diluted to a %g%@?ﬁ éﬁféy?ﬁagggl S e swoﬁgﬁu%rgmﬁ% Pr fheh aPhesd cdmiy-as

about 1% _bef or, itive Lodhe o
manuf act ugé Oftlﬁﬁﬁe?re A'E%HPHQ"]-% controlled » the granules ecome disrupted
and a one phase solution is made which is not as effective as

the two phase solution of the invention when used as a wet end
additive. On the other hand, the granules must be sufficiently
swolien according to the invention so that they will be retained
30 as granules on the web in the papermaking machine. It is an
objective of the invention to swell the granules in a controlled
way so as to achieve maximum volume for the particular starch
involved without breakage. Of course, when the material enters
the drying section of the papermaking machine it is desirable
35 that the swollen granules complete their gelatinization.
The maximum dry substance of the starch suspensions which
can be used as starting materials of the invention will vary
with the type of apparatus employed to cause swelling. A rela-
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the invention, the two phase swollen starch suspension is added 25 to the
stock after any refining step in a papernaking process.

DETAI LED DESCRI PTI ON OF THE |'NVENTI ON The starch granules in a
starch slurry nmay be swollen ei- ther with heating in a continuous

batch system or through a | ow tenperature (anbient) bat I@_ W t h
an al kal i ne soVV@?"8%2 i on.  \Wen a continuous systemis enpl é%%ﬁaé

starch slurry starting materials can have a dry substance concentration
up to about 30% preferably up to about 20% nore preferably from
about 3% to alioetylRiglerd coneenpratiomidan beouseadain a3tebtedbeoitinuou8%

hen & bat ch 3AELATL, SIP:0KEden! bfe alnR taladki e Skl g5 WBLR 21 ©

shoul d have a“dry substance conce tration u 0% preferably
up to about 2‘9‘37(? fBrekhy éF’ePaSP? ‘i"b‘?ﬁsaﬁ@ﬁeg%nd arg &eéﬁoﬁ%ki A)%ﬂt(?"ﬁﬁst
pref erably f heatabndtb¥sk beabusé Bley are only briefly exposed to the

Grd/ Qﬂ%gg .

PCT/ USs96/ ?LOGgfat d/sX t ar c ecéo%ﬁn(ﬂ?ugaﬁygge%s(esamlhngfuée %n etst ar ches
havi ng piCOGKer AnFan e AngrYr SHRStance srpcenkration: ppqko @Kk 398 and
nodi fi ed st aprle€erably wgd tior abvatiy26%y immeepuefemmyi Fromsabbutsis to corn,

waxy naize, Q%Eﬂi:%?f' Gnha ‘M&Eét ré K’i’]ﬂ H' 8bout '\ﬁd'to abotit Bk St anches
can i ncl ude Lca 1¥ an eT %‘?‘b [ tarches and

conbi-nat i ons%f’%'ﬁ eBYS* o iFe b PREY "q’@"'gnﬁl ary “b%?ﬂ'cﬁhﬁ%%%%%’?
have thelg@anmpstel abogt ;ﬁoaoepreﬁerably up to AbouttiGhea®rar prepewabity onal | y

slurried w t B 0gt 8bout % to aBbuel 169G osk PLeEIAAF f%ﬁyafaé@é“ﬁb%t 4
t o about 13m§J’°e 10 preferred pH for continuous systens and for heated

bat ch syste ¥-fromabout 5 to about 8 and the nost preferred pHis
from about 5. Sheoomiatwn Tenmperatnre ande pHt gonditinsemi]llbvarh dgpend-

tems the pH ijngf bpsh el otosééﬂm Wby%dt Qn&ttm&tn& 880not the

mai nt ai nig at th_%h %_evel g S tgtrng' ge ause theﬁ{liS tde5| red
amount of>swélP , ed5enaF Mabsh b4 BsC TS e
t han one hourturgr eﬂenamge ffG‘PmaEbQ'ﬂt 155 1@ typabout I @nd thmepH cean ed
amount of swalahgegfiém tdrouthdi. oUBL dlvdut 13.@an tenékiiaiyne dighbéhotémpera~

di srupting t a S efore
the. dryi ng seuPEaners Mittye°uith [over ot dRaP 387G HenibERFER it 1O,
9. Suitabl e SRPREVERSWith hlgheﬁd?ﬁstl ng the pH are mainly selected fromthe
group comei sti ng Aftenftisd kalol phasal swellemistarcheswsdnsiont of ths eimvaneh

as sodium * £48 ta§| b ac@lgéa Cat%amtwl%t%a tIyQ'éﬁLée\htrE‘E@bH”&é"yﬁvPH

S used. i ¢ reagents stin are, se-

| ected from tAROUGr Bup® c RRSEEEPRYY oS RN F‘E %t d’eﬁ.ﬂﬂef aki is emp]a&?e&
boric acid orassal wetsemd addidlivei nuntl!mlniam@acfypeaw lpaper. actéxding &oi d

and al um numgid iabBnBish U@ two phase sWRA1LANBEAAM uspettsibAtiffaddi
swel |1 ng gr O%esih\ém lsLoc\:/l?rQ/fter any refining step in a papermaking process.
DETAILED DESCRIPTION OF THE INVENTION
The starch granules in a starch slurry may be swollen ei-
ther with heating in a continuous batch system, or through a
low temperature (ambient) batch system with an alkaline solu-

30 tion. When a continuous system is employed, the starch slurry
starting materials can have a dry substance concentration up to
about 30%, preferably up to about'_zo%, more preferably from
about 3% to about 10% and most preferably from about 3% to about
8%. When a batch system is employed, the starch slurry starting

35 materials should have a dry substance concentration up to about
30%, preferably up to about 20%, more preferably from about 3%
to about 10% and most preferably from about 3% to about 8%.



with the type of starch and the type of equi'prrent used. In a 30 continuous

system a starch slurry is punped to a jet cooker and steamis
injected into the jet cooker in order to obtain, and maintain within a
controll ed range, a preselected, steady state swel l'ing tenperature of

f rsom about 55 ut 95[err]C.  The preferred swellin ures
will vary depgﬂé?wgg on the 35 starch which is used as sumﬂca‘tllﬁze Bﬁl%%

Tabl e 1. -7- WO

97/ 00921 PCT/ US96/ 10662

TABLE | Seaethes achiSie ldannhe Tesguerincinde any shanchesobaviyst em

Kof:l er[err] é'éﬁblllng proﬁ@fff&h and theBeeifdii® uhfbdifled and

'El;g:[n?)grat ure quﬁsfig g r hes dﬁfzygd from any far:.naczeous é‘?t?Elal' sucl'b&sat o

62-69 , corn, waxy maiZs8, G®tato, riggeastheat, sago and/magpdoc. Modi-

?g' ?‘51 5 fl&f starches can, ﬁél%ﬁe p %51cally and chemid¥1{SmdQ@ified Sago

59- 69 . stqwhssheaﬁemtawy& r%"of'aFfovédﬁﬂp%%(fggnﬂr?ﬂ%lixon-
tents are heaarsll thei egngonents jhavec thersae smedhing prepextites. | acket. The

tagk i s provided Vl:chbh s%ﬁré?éé Hry cbﬁv&ﬁt:[ﬁrﬂilrlyt Reutbied it whﬁeﬁustpﬂﬁﬁl on
and cause nor eatd n r i subs e
concentrati onP P"ﬁ ryté"?'&bﬁ ?rch iR e?&sér% ngggbilg?&fg{?y‘t "%) e
pref erabl 30 f rmm BH, for Q@mpslﬂﬁw m'@t far cheatasd Pﬁ?bnﬁ‘!ﬁ?&ﬁﬂs 3%
to about 8% i$ from awelites € drrit BUahdietld Wiost ppeférred\pl isngrom

tenperature from.?2 aout r]c.t o Lr r Ol D
it ee to mPE e t8 gpaty ! Tp, o8 Eofinstacuell (EubPing | BALERMIe D

M nutes. St eakems the,pHl §si Sirsk paiugted &9 GoREENP FR abputsid pd
within the papitefitiededtstrRat i TwrdlcEper atsufticiene. tine v afamsecthewel | i ng

t enper at ui &%Hbﬁe\@%oqﬁeegfhé%ﬂ&% £8% ééﬂ,C@eW@ES*ﬂli(Sgl_iAﬁ%blglﬁt s

summar i ze

Preferred S\/\BN!“FEFSTé‘I?pé‘PEPqu Ve PEHE e PERATIRLIYS fOF, about 10 to 30
Kof I er Gel ati fiimdttésan (The desirddiramount of Tengidrimguie thermgxipum that

Tenperature R%%Hebt{va[oeﬂéa]iaad:g@i o%@qigruptmg the staZ-Qthranules dur:.n%
gg: ;421 the papermak1n§8p5%cesso before the drying sect )2 Then the
20 is adjusted to from about 5 to about 9. Suitable alkalies for
adjusting the pH are mainly selected from the group consisting
of alkali metals and alkaline earth metal bases such as sodium
. hydroxide and calcium hydroxide. Typically, sodium hydroxide is
used. Suitable acidic reagents for adjusting the pH are se-

25 lected from the group consisting of hydrochloric acid, sulfuric

Otﬁlt (0]

acid, boric acid or salts such as aluminum sulfate. Typically,
sulfuric acid and aluminum sulfate are used.
The temperature and time of the swelling process will vary

with the type of starch and the type of equipment used. In a

30 continuous system, a starch slurry is pumped to a jet cooker and
steam is injected into the jet cooker in order to obtain, and
maintain within a. controlled range, a preselected, steady state
swelling temperature of from about 55°C to about 95°C. The
preferred swelling temperatures will vary depending upon the

35 starch which is used as summarized in Table I.



Wheat 75- 90 ' 58- 64 Ri ce

75- 95 68-78 35 Sago 70- 80

60- 72 Mani oc 60- 75 59- 69

[err] Van Beynum G M A. & Roels, J. A, Starch Conversion Technol ogy,
pages 31- 38, Marcel ggte)kg(;/r 0:38(2:1 NY. 1985. PCT/USY6/10662
PCT/ U896/ 10662 In a |l ow tenperature batch system a slurry
having a dry substance concentration up to about 30% preferably up to
about 20% nore preferabl y from abomﬁ%jo about 10% and nost prefer-

ably from about 3%gt.g L ¢ adf the
slurry to a swelling p ’o" 0 10 abou apout 10 to
about 30 minutes until swollen to the maX| rrumx"ﬁllﬁﬁlr Ge&ag}'\’élﬁ@’r?’} ng is
st opped by adj ustStagchhe pH Temperatuabo(ich t @en ghotd Range| 00CH
reagent. The sweldy g reaction iJa i s systemis cadrg_lzd out at anbi ent
t enperature, genera from10 _about 10[err]C to about_ 35[err]C.

In a preferred Mdﬂééﬁ? of thd9dw tenperature systef?=72 the pHis

I ncreased to frdotalteut 12 to 1%2m6Ph a sodi um hydr ox- 58-68 de sol ution
havi ng a concentyfalaiton from aboys-g% t 0o about 10% gH54S5UbsSt ance. The
solution is hel%ﬂ‘ﬂt that pH for frg@ about 15 10 to about 15 minutes until
swol len to the ®um and t hen? djustedtoaprrQPrﬁ"z?bout 6 to 7

usi ng hydioochl orSagoaci d hav- 701§ a concentration frém72out 5% to about
20% Fq&a,ﬁwcng swel I'i ngohyeany of the neans digglggsed above, the
swol  en starch su ens C '1:;;3 diluted to a concentration as 20 |ow as
about 0.5% bef or e E%‘g ch FEETERu Ad@ns ¢8 erPived and thei SR ure
of paper. tents amhmte@n&maddnreetptmmom epstahmerordsbgano t he

et ho? of thejame&ent Thavesm q& mvsaealﬁcrﬁéb\la/% ugw@é% &b tx)na:.{a%%ﬂécér#e/ t
granul es Vi n rom .abou g (0]
about 100 r}% /%?ar g’r ngge ‘“% a%‘guf:aﬁsé grore ufmégea}ﬁ 3 and cooked
solubles (C S.) fmomlasmthwm godry Smn@ownm@#@r@lﬂwuﬁ &m about 1%

t o about 35%3@; ipreiferabl{. up \to abmdut. 50% )V alotes preférallly Aopcadbig 3pon
the type of Mcaos%&mtggwwéﬁwaﬁégé \1/J.c1 a%th 8%, is

TABLE |11

Starch swolden Pﬁ|p§7t1ng ﬁggss@ggry up to a swelling tqggq;ature from
4-6 20 abdiitl 55°C to about 95°C foXakyor/hiboat 5 minutds 2@ more than 1-7
35 one ﬂ%ﬂf@t referably froﬁoaﬁgut 10 to abo&@‘fg)minutes. Stean
\{%_egl(:) supply, g'._s adjusted in order g%glﬁaintain- the slurz:y?glgthin the

20- 35 preferred swelling temperature range. The preferred swelling

temperatures will vary depending upon the starch which is used
25 as summarized in Table II.

Kéf ler Gelatinization

Starch Temperature (°C) Temperature Range (°C)
30 Corn 70~80 62-72
Waxy Maize 70-80 63-72
Potato . 62~74 58-68
Wheat 75-~90 58-64
Rice 75=-95 68-78
35 Sago 70-80 60-72
Manioc 60-75 59-69

‘YVan Beynunm, G.M.A. & Roels, J.A., Starch Conversion
Pechnology, pages 31-38, Marcel Dekker Inc., NY. 1985.

-8 -



Mani oc 15- 40 6- 15

-9- WO 97/ 00921

PCT/ US96/ 10662 The procedures and formul as for cal cul ating
C.S. V. .and C S. are as foll ows: To 10.00 g dry basis of
st:arch in a 600-n stain- | ess steel beaker is addelglﬁ’l,@%
distilled wat YO 9500921 Cover with a watch glass having a ce oefor
a stirring shaft. Stir at 500 rpmfor 18 min. in a

b0|I|ng wat er bath. Cool to 28[err]C by stirring in a col d wat er

bath. Add distill ath walew temperatacre bBatch systenm, acslqranaawangraldm by

evapor ati on Lianshile Ednderthation uBSfs Undiftbok UpFefiiial s g ap dtﬁ"é)%f) el uge
% an

at 2000 rpm evel Ih t t-

tle. To deterffi¥re W%BFE@er%P%lfﬁﬂEda}éWﬁﬁ tor apput 1 moghePrrk
liquid is evagbinatfrdmoabautti®armdiabbut 8%, is swblldentlye imesedsdéngstie ip!ti

for 4 hourgs = e 10 LkCy| fo% Wherying YR CHIGR QUBRL29kINURRI15 F5F £rom

percent solubles (C S cal cul at ed ai "E,
C.S =.Wei ghtal?ﬂutRésq c2hoyl 5P minutes until swo len to e maxwpﬂht Then
Al i quot 20 the swHEldiwgl isestdppedabycadjustpingd the pHete dirom AbgutbDitd e

i s measured igpdgdd Id WislifgSak fﬁ&idﬁh%eg%&xé/ "ﬁlecﬁbﬁﬂllnq reactioh@if Uciiss
fol | ows: Past e Vol une

n
| nsol ubl e Wi §¥item)is carried out %8@1?%507?%%5‘6@?"@’!1@4“%13@ fom
% nsol ubl¥s) digmt 1IJC to abfep@fdicag on the starch eval uated, the weight

of the _s?rr]rpl e P abiyrbféi-féh Ehboudiknt SN €10 16%) tehgéFatute! 89stdh)
grans w

cor justnent _Jjn t al cyl at PN f arnu
When starch g "£§' é@Fﬁegﬁ\%(? '?%émf"hg%}mﬁ’ g're% 9;[ il#o'gt st°ﬁéuF‘aﬁydr°x'
pol ari zati on ﬂ%%ﬁslﬁﬂcosbaﬁin%@ concaytration fromegbeut RV Toogbpul| 10%,
transm tt ancyggytbubst@nce. Vi sR@Ed1atibRass eRDtatothkfepH fors lfmmoab&m

S0l 1 e Of@nul SSs bt 016 HLELPIRAN CRUb1I G & the MRULL S3H BaR "0

| ess t han | les using-a n Crone areta en and
neasured at dadiustad Q%#p?ﬂaftﬂ@sﬂh?ﬁﬁ f to 7 uSlng hydrochloric acid hav-

ing a concentration from about 5% to about 20%.

Following swelling by any of the means discussed above, the

swollen starch suspension can be diluted to a concentration as
20 low as about 0.5% before it is used as a wet end additive in the
manufacture of paper.

The wet end additive product prepared according to the
method of the present invention has swollen but unruptured
starch granules having a cooked swollen volume (C.S.V.) from

25 about 1.6 ml/g to about 100 ml/g, preferably from about 4 to
about 65 ml/g, and cooked solubles (C.S.) from about 0.5% to
about 50%, preferably from about 1% to about 35%. Optimal
C.S.V. and C.S. values will vary depending upon the type of
starch employed as summarized in Table III.

30 TABLE TII .
Optimal C.S.V. and C.S. Values
Staxch C.S.V.(ml/q) C.8.(%)
Corn 4-6 2=4
* Waxy Maize 5-20 1-7
35 Potato 30-60 30~40
‘ Wheat 7-10 6-10
Rice 10-30 7=-25
Sago 25~65 20-35
Manioc 15-40 6-15

- 9 -



- 10 - WD 97/ 00921

PCT/ US96/ 10662 t he maxi mum size wi thout disruption is reached. At
this point, the CS. V. is nmeasured at fromabout 1.6 ni/g to about 100
m/g and C.S. is neasured at from about 0.5%to about 50%

The wet end additive conposition of the invention may be 5

paper stock havﬂ?am?sz fromabout 4 to about 9. The st?g‘.gﬁ%%‘{}ﬁfﬁcl ude
hard wood, soft wood or non wood fibers (i.e., Bagasse) or a blend of
the sanme, and fibers may be bl eached or unbl eached, virgin or recycled.

The stock al so nayThengrocdedures fard dosmullge sforsicaleglating . .aanaot her
additives. 10are as fHiQoWet end additive conposition of the invention may

be added at any point after the refining step in the paper naking

process. The additive 38@%5??i%rﬁ;}é’a%’aﬁéseﬂgl%ﬁfé%hi AaR Sffsmk staing, o

about 25% pref er diss Steniabeakter i5Yatidedblan . 7Y afddimtilled watekerably

from abouts 0. 5% t QRRQULI R0 Ytk dh a8k ALRIA o %ﬁtéf’ d;,éf@%to@ﬂse) based
en

on total paper weight i.n the stock. . The wet addj t1ve composition
can be added to arf{Fgradd ﬁPa%é’pers,tlﬁf at 500, xpmy Lo dBmin. in a  The ppst
.important benefit soaiflingewater ddathhe ©molll tm 28°C Hyastiwsiraf irhe i nvention

as conpared Wi th ool Gathal6has. Aidia dlstiilea Aaledes LGiRlceLaLeh
retention due to th hlgger tarch%%e)égu ; A

| oner bi ol ogi cal o%&e}:dgn gAY I§’°c5tD%}’ Fhap Nretransfer qa or sent to
sewage; 10 RYA-gilc ceptipifugs botgile and cantrifage stRO00 apmst arch 25
addedttOfth;e paperedrdyd hg’..nh' qmrkt ﬁ:ﬁﬂ?ﬁv&ﬁt@f‘tﬁt@'bhste idn the @o&o\ggfd t
amount of steamrequire ave. t he C re o be added to
the paper nachi ne?toie. Q'o aepez‘:mn.le soiu%ies, a weigheg)@ﬁﬁ\.}%t of tE?arrpI e 1
30 An aqueoSHPRImatantf Liguistiis eyaporates omgacsteam batincen-

L r?t ihon of 6-:3% byrheei ehe élégi@&&)ifsaafi&eaﬁﬁoﬁ}/@!ddﬁt%sijataléb"'l}(’@.'i‘ra ltional
atch sysgem for ahal n . m inj.ec nto he.slurry
and the r% e of in ec%ﬁv\%‘asﬁ‘gjﬁ"f&gggi'nv%r?%eéurcen%t 8°Héti’irﬁsai(ﬁt’ghé slurry
t enper at ure bet weet® GRlgNdated a5 [folloys: At the end of the swelling
process, cold water having a tenperature of about 22 C was added to
the tank to dilute the eQBcan y substance. The

O
C.S.V. was from 32 m/gramto 58 WeightapfHdaueE C.S. was from34%to
41%

20 The volume the paste occupied in the centrifuge bottle
is measured in milliliters (ml). The C.S.V. is calcu-
lated as follows:

c.s.v. = —_Paste Volume (ml)
25 "“°"°  1Insoluble Weight (g)

Where Insoluble Weight = 10.00 1 - i I“sfg:bles)

30 Depending on the starch evaluated, the weight of the sample
to be tested may vary from two (2) grams to ten (10) grams with
corresponding adjustﬁent in the calculation formulas.

When starch granules begin swelling, they start to lose
their polarization crosses (loss of birefringence), increase in

35 optical transmittancy and rise in'viscosity. Measurement of the
size of the swollen granules can be done microscopically at a
magnification of no less than 100 times using a micrometer lens.
Samples are taken and measured at different temperatures until

- 10 -
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A furnl sh was prepared vmth a 50:50 bl end of Bl eached Soft- wood
Kraft( BSWK") and Bl eached Hardwood Kraft ("BHWK") fibers resuspended
in water at 1% by wei ght dry substance of fiber using a pilot plant
hydr apul per for 15 mnutes at 3000 RPM 1% 5 of rosin size o al um
al so were adde¥Pq®®He hydr apul per. The pH of the fﬁ?’ﬁ’“é?m“
adjusted to 4.8 with sulfuric  acid. D fferent anounts of the
swol | en starch suspensi on were added to the furnish and it was

subj ect ed tomesheﬁd mﬁmtsizﬁ wiﬁhoabmﬁsrﬁ&1aﬂl\/is/rmadﬁuﬂ.svmtl'Em:]:sstpmu.nh,
suspensi on a i
Labgratory 8 s nﬁggg%ﬁ %Q orne BB&E g%qﬁﬁz}% %"?’éﬂﬁ%’%o to
80 g/nferr]. ana c.s. 1%Wsé’é‘eﬂnatdf/mna@%#apnﬁﬁet‘éﬁ% PBR* was per f or ned
Wi th a Dynam en&apet driteaidattyvd acduposlithenkof | the dnviehtien degcibebed in
15 the er e b I

Oger afy gga Avenuggap&p@to‘éﬂl\ﬁXv%ﬁg zaPi,B Er&i Bt % BDREGIO'Y. The

I nc. St onel el retention

of each fur nisechaBayelichude Rard veeds Seft w°°13|%rdf°"¥/\ll‘ﬁ°f’9 ﬁHP%‘?S die&iemed

fromthe 30 sagasde)lyoran dolemnal nagene samegs and( Fibews metye bei bheachegicforned
th 0 t d t

as jhe amounturi ebbhed ! @ﬂg,&% orl FBgS1de! ARedet Bk %wg&yu%e

di vided by the to er an er in th
The amount offidderas ‘T’Y’Pﬁheﬂﬂlﬁ"r 29entR)| 3N ABY 8 enpddiEIves. 4 oi nage

eval uati @o was obfrae meelt band iddidting compdmidigh af sthen-inventdan dndy [beer
(5892 Wite Ri{faanafsih Sﬁoﬁ@%@t@”%@%éﬁiﬁ@nﬁ)’s@%l §Ph’.llﬁ| pagér Sparcitiee! |

P.O Box 4, D 3354 Das n.oven to

dryness. procesg . Ihy Lﬁc{@‘%l FP@W%"F‘I géf‘sb? e?"éﬁlr?g(f A0 AR FROTRE
sheet cambé&odebenti 28%, [preferabiyifrap ehoutinBudt s ahoutd?diand mere
filtrate fro ztelﬁraswnfréﬁ auitd . 59 weaﬂdartnu%hby?:&blgnt ofSEﬁﬁfidéh (ary

et o L U B W n ol e £ i85 % ar ch

from the papesnd 2dgiyrive mpqqig-lparcm be adﬁﬁﬁut@sat‘ﬁé@%ﬁ’a papRE, £fpl e
in a solutiommf geammageBaund (Blerr]) cal ci um chl or: de adj ust edhvm t hI

| aci al acetic ac t r t ' t he pu
\?vashed with water. Lrg 8"8{' £mr1‘|§3°ﬂ'%?“: EQﬁ?ﬂ reﬁéeltgfenglglﬁ eéﬁ %quggnm : vmpt hIO
wat er. One nistarchegf of hthe ANVRALIAN; s SFRRRATSEH WibReEPPked SFaRERRt i3] e d

for sé@r ch by ashaghepgtotdih skarch péténti%npldaeoto atlte Shigherconcen-
- 12 - X‘Q LADO02 Yy

t lume;
bCT) Usos) 10662 SErR, gral Sulfurrc acid, Ootical

is read at lower biological oxygen deéa%d (B. oDen§| glég; %Hgtganple
water sent to sewage;
A higher paper strength with the same amount of starch

25 added to the paper (due to higher starch retention):

A lower amount of steam reguired to have the starch
ready to be added to the paper machine.
; EXAMPLES
Example 1

30 An aqueous slurry of unmodified potato starch at a concen-
tration of 6.0% by weight dry substance was swollen in a conven-
tional batch system for about 12 minutes. Steam was injected
into the slurry and the rate of injection was adjusted in order
to maintain the slurry temperéture between 62 and 69°C.

35 At the end of the swelling process, cold water having a
temperatﬁre of about 22°C was added to the tank to dilute the
concentration to about 3% dry substance. The C.S.V. was from 32
ml/gram to 58 ml/gram and the C.S. was from 343% to 41%. .

-1l -



490 nferr] and the anount of starch is obtained froma standard " curve.

The following fornmula is used: 5 % Starch = ¢g. starch x
1000 x 100 sanple weight g. x 0.4 The
results of the tests showed that the starch retention irrproverrents of

t he swol | en rch conpared with cooked 10 potato st r

t he range of pg‘%g @% while no differ- ences were obse &sﬁo%ﬁt al
retenti on and dynam c drai nage. (The cooked potato starch was prepared
usi ng the sane 6% by wei ght aqueous slurry by cooking with steamin a

batch system at A furmishhaas preparednwih @ 56: %D fhyergD ofi Bleached@aftwi ng
cook- 15 i ngwodaakeafmsidﬂqd ah@ sléamaed RRAraee6E ¥t QvBHAKS Oﬁbéé dry

subst ance. ranul s We e et.e i Sru Ie 2
An aqueous sl urr%%gﬁg ‘g %Obrgt h% g %‘%ﬁ%@ﬁ)"e of on of
6. 0% by wei ghsingr ¢ pilbet mi@el)t Mgrpn\ﬁ#mt tforalp enimetesc adk 3000 m!aaml%

| an e% | gn swclglsbcilzadioﬁheémé\ aﬁfddgzl%t bedaﬁhﬁ\t taligd @ere a&cfélaﬂ%rtattﬁée ﬁéi-éﬁﬁﬁ%e@o
an wa ed to ute €. SWO

concentration to tZ"§Ed¥€ °sfﬁ(¥g‘t ar%lem%\ was ad@u§g J %eﬁ?v%' nSYEERI%yr am
and 40 MIgréfﬁlé‘nd the C S. was bet ween 6% and 14% 25 A furnish
was prepared wit hui@ﬁ&mﬁ: le@oaktedof | 158 SwWol28h stardy HE8bh NGere

contai ners (", t |Iot p ant hydr a Iper
for 30 m nut es at §80€§%M§ge \A@{e‘;asa h‘%é?%%%‘g s fﬁo %ﬂ

filler wd® adtRoyf 200 RPM Whemehskswllm mrﬁhswmsa@uyaedadeeemmt 4.8
with sul fu- 3fhe fuenaehd .Paper handshbéf<iite E6BHed SJ.era U&ﬁoﬁ&@éf wigtar ch

suspensi on Rﬁ&%ﬁ& ur r Jsate
of about Wqu%SlsR en %%grogﬁﬁg%re%“és[ba r‘]‘ﬁm sgae"?m 0 é oag‘? /

furni sh. Paper haﬁd?ﬂe%?@%ﬂ@%%ﬁe@rqwagq_&ﬂéi‘ﬁﬂﬂn was P&ﬁﬁ"med With
Handsheet s ‘Far mDynhanthevPagsem Chenivege Jaet Maaki EUI | reynifd is0a88cribed in

g/nferrlas en £oL fhg Mantidl' SllppSi “hee e m ¢

dr ai nage vvere eevg ﬁat e’c?i‘]“‘:'sl@afnﬁlIg g ?f %i%} B ﬁgg,&." cﬁﬂéilu%% E%&a%%

- 13 - Inc., @gffue, Carmel, NY 10512, U.S.A.

PCT/ US96/ 10662 Total retemonesﬂl eachffurndshesss mdemaned katht ive Haw=-ch

retention plmoﬁﬁﬂf‘é'tvfaﬁéfr BB‘Ea§HQ&|ﬁfbﬂBb0§o Séééoqla isdd dirp?

cooked &@ g? vere .o th?e.. nge 40 to 90% f % no er -

ence was observed i ATPBh TS EREAPT o a%ﬂlﬁ(}l‘a sEither andoked

mani oc st&r cHfikersprepainad da khet nepe:armmsyt lelded bY the total
amount of filler and fiber in the furnish.)

The amount of solids in the filtrate collected during the
drainage evaluation was obtained by filtering it through a stan-
dard filter (589° White Ribbon ashless paper manufactured by

25 Schleicher & Schuell P.O. Box 4, D-3354 Dasel, Germany) and
drying them in an oven to dryness.

The amount of filler and fibers retained in the paper sheet
can be determined by subtractihg the amount of solids in the
filtrate from the amount of solids in the furnish.

30 Starch retention was evaluated measuring starch content
with the Phencl/Sulfuric Acid Method. This method involves
extracting the starch from the paper (2 g.) by boiling for 30
minutes the ground paper sample in a solution of 33°Baumé (Bé)
calcium chloride adjusted with glacial acetic acid to pH 1.8.

35 The slurry is then filtered and the pulp washed with water. 40
ml. of the filtrate are diluted to 100 ml. with water. One ml.
of this dilution is speétrophotometrically quantitated for
starch by staining with 1 ml. of 0.5% phenol and 5 ml. concen-

- 12 -



wei ght aqueous slurry by punping to a jet cooker and adjusting st eam
injection to maintain the tenperature at about 100[err] C. Col d wat er
then was added to dilute the swollen starch concen- tration to 2%dry
substance. The starch granules were com 10 pletely disrupted.)

Exanpl e 3 n, aqueous slurry of unnodified corn star
concentr a- wﬂ’&ﬂ“@&? 6% by wei ght (dry substance) and at a%g:llj)?]tsﬁof‘grr]c

was_ swol - len in a batch systemfor 10 to 15 m nutes by increasing the
pH 15 of the slurry up to between 12.0 to 13.0 by adding a 5% by
wei ght (dry sofates) ssdifuricomaifd.sodptical dendity. ofhthe tdamplled is read at

ad{j US]E e?ht 0 74% Wyl fand £Re0 ﬁﬂgﬁx‘%ﬂ QBt Q'Ea?ﬁﬁ”f& mb‘_&%i:i.ﬁeé‘ffﬁm a tstandalf:'é\t bt h?
end o e swelling process. co er vi ng a enmperature of abou
24[ err] C) wasSHdHed t%‘et E@fjsmqqe%yggﬁ}%hfitfﬁ%dzo pension to dilute the
concentration to about 3%dry basis. The C.S.V. was between 4 nl/gram

and 7 m/gramand the C. S was _ qiekweeeh & T60@xd1§90 A stock
was prepared with a 30: 70 BFR¥RP 5f samphierweign® g. x oDF p and recycl ed

fibers.(0OCC) resuspended in water in a pilot 25g pl ant hydrapul per for 30
m nutes at 3000 RPM at 1% by wei ght (dry substance) of fiber. No resin

ortL i1l F][ were add@fd results of the BEs8s shbwdd thhtNeH@ SN ketehLidn 8
W Su uri c,

@Cld. o Da?_fere&térl Felyge) nts.of the V\D|.|t n st]gr&h
suspensi on wetBPTRYenehkS | Fotl}ehgwlp Rl sROER S v?eragcguﬁ?@catree P33 SR rate
of about 10 pokatRPIEtArch vere siolthenrange (?f A% Fon8Pdn Whideadgedifderhe
L; r gi ﬁh' Paleeén&‘@é\dféi@e_ bbsébved fior Kbdal Nrétémtivi rﬁhﬁﬂYde(;dﬂcﬁm‘ginage. '

ndsheets Fo : N C : t
g/nerr]. 35 f*ﬁﬁé © o\égl g?e %;ntaélgo;%,gﬁs a?gﬁrér/%{ ee(:ﬁjp%!ﬁggtn%%(?%g%cgﬁdbﬁynam C
drai nage wer W@l AMGONS FHUEY,bY| go9king with stepm jn@ hatchr sygEepaks
showed t hat taectahperaturet eadm @B to 95MPr SN i nGtes he FRIXdwdRgC 866k~

starch c ar Wi d s . - 1de-
VO 97/ 0 08% £y VhidterOAKEdaadea to ailute the concentration to aboit 43" ary

corn starch wERRStanqere ThRgELaNcChH grapguies, vela |compdetely disrapted.) s
observed i n tExahpleetenti on and dynam c drai nage. (The . cooked corn

starch was prepar ' h % ; ; r

swel | ing wi P P i%'ia&g“%t %@%‘@ﬁmﬂ%ﬁoﬁﬂé}% Banioo SSLERYP ot %3%‘3%‘?3’0

For 20 m nut cSTRERR (95, 2n8E BB (dik; spbaganca) ues (ERHA, 2 o de

concent r a20 onceokeboutStasnd igjectionuesandiustint iax arder gramaisdaior 8

conpl etely di gempéffbure betRS@NTHE atha 70°C. colliwatexaidl Gddda!tor ateaté he

properties of o eoulof diMTRdken GndenidatObh &5 4 b ullRn ™G od corn
C.S.V. was between 15 ml/gram and 40 ml/gram and the C.S. was
between 6% and 14%.

25 A furnish was prepared with 100% of recycled fibers from
old corrugating containers ("OCC"), resuspended in water at a
pilot plant hydrapulper for 30 minutes at 3000 RPM. Fiber dry
substance was 1% {no resin or filler was added).

The pH of the furnish was adjusted to about 4.8 with sulfu-

30 ric acid.

hDifferent amounts of the swollen starch suspension were
added to the furnish and were subjected to a shear rate of about
200 RPM when the swollen starch suspension was added to the
furnish. Paper handsheets were formed in a Laboratory Williams

35 Handsheets Former, having a grammage that varied from 60 to 80
g/m=.

Total retention, starch retention and 30 second dynamic
drainage were evaluated as in Example 1.

- 13 -



addi tives. The foll ow ng properties were eval uat ed: [err]
Cooked Swollen Volune ("C. S.V.") at different tenpera- tures,
increments of five degrees Celsius from60 to 85[err]C. 15 [err]
Cooked Sol ubles (C.S.) at different tenperatures (the sane as for

C:S. V.) err] Granule volune at different tenperature 50 to
95[err] Q). WOJ" see the starch granule volune at di ffé’r‘%ﬂ'{s;&l%

tenperatures, 20 both starches were cooked in a Brabender Viscograph (See
J. A Radl ey, Exami nation and Anal ysis of Starch and Starch Products,
pp. 107-110, Appl Thd Seswltee diuitheshests [shidwelil thalonthkd &thrch reteaitiong t he

tenperature amdafahéntd Jr El:y{eeect X & 'harﬁtocd E%fél? rEom[parehemi"@ﬁ A dbied

sonme drops of pr.oduct were co i ng the cooking
process. Thé“%"(?ﬁssﬁ?r?ﬂ iRethe rangg ©F4Qi £0 20% o Whiile PPl‘%’eﬁfserof
col d wat er t cersteopwasecolsmettedidn total tétemancimogrdamdm apdihage.si zes of

the swol | gn gmiwbssked o %@% a&e@%g&'&ﬂfﬁ% Bdnd 53 Gypnet er

| ens. . Each starch was swo J ar | ous eratures 1 n-a batch
30 system i 79198t cASPRUS (SIUrFY H@gP‘é‘E%“Eeltgl fsJet sRokeT GDQS?‘éllﬁtenand
paper handshestenm\éngeqtiopa rted mainbaitin f the cenperatuts aif abbatchoo’c. added

1% and 39 t 0
e, el bt 0TS e ot

was adj ust ed ¥&tAo8 stapre- fihe §5areR)| ITANNESpFERe TS wer e
eval uat ed0 pletely disrugtdd.)st pass starch retention [err]

Paper Strengt&'%ﬂérb Bur st | ndex [err]
Tensil e Strengt An 1 .. - 15 -
WO 97/ 00921 aqueous slurry of unmodified corn F‘tﬁ?%ﬁFlBG‘B@ce“tra‘

Cooked Swol | diionolofing? (iy Weidhtafdryosmbkatadeelband {1C.ahout 25° ¢l vas \swod -

eRvaI uat ed. N len m a Th&t gl ey lstlw@aheﬂs Std\@hemiﬁﬁééélwqch%alﬁ?é"dﬁ bl
00M accqrg Ay urpas

eval uat i %g 5°ft g%‘ées{e\‘ggtﬁ%gﬁgg%n]oé) aﬁgr gﬁaﬁg&% qt ﬁeg?'ol?’f oW ng

t est prod’tﬁi&hé‘s (dey sqlisisgy sglution ° Soﬂlmmdﬁ-ar Fhen the pH
retention- Phavesd a8gustied ctoAca.® Mithod 10% solutidn dBpffardchlefiéassid.

Bur st St
(Burst Tnde),, > 2o 0hdl ena og, eap glECH P gesiiafibord batly, turvigg o104 o
- 87 temperature (cﬁ é’&?ﬂ"ﬁg Eeﬁbt"?ﬁs added to the syaldep efarehgaus-

TAPPI  No.2041(peormion88o dilute ther coscamntatdion 66 absutp@icdrpapdsiect Theer e

prepared and df @bsaayede@eém mugapae% st ﬁwsiiarw&& ipdi peganghs

:j: L;J[nl Bﬁfed between on,g)%po d’;ll‘l zed transmtted I1ght to see the Starch
A stock was prepared with a 30:70 blend of semichemical

pulp and recycled fibers (OCC) resuspended in water in a pilot
25 plant hydrapulper for 30 minutes at 3000 RPM, at 1% by weight
(dry substance) of fiber. No resin or filler were added.
The pH of the furnish was adjusted to 4.8 with sulfuric
acid.
Different amounts of the swollen starch suspension were
30 added to the furnish and were subjected to a shear rate of about
200 RPM when the swollen starch suspension was added to the
furnish. Paper handsheets were formed in a Laboratory Williams
Handsheets Former, having a grammage which varied from 60 to 80
g/m=.
35 Total retention, starch retention and 30 second dynamic
drainage were evaluated as in Example 1.
The results of the tests showed that the starch retention
improvements of the swollen corn starch compared with cooked

- 14 -



tion into the sheet. The results of the anal yses are shown in

Table 1 for regu- | ar starch, Table 2 for waxy starch and Table 3 for
réference. 20 Starch analysis is sunmarized in Table 4. The
unnodi fi ed waxy mai ze corn starch, conpared w th unnod- i fied regular
carn starch, shows: [err] A higher cooked swollen v | ower
cooked sol ubl S¥0 970092t wor ki ng at tenperatures higher than%ﬁ@% At
tenperatures 25 |l ower than 70 C there are no differences between both
st ar ches. [err] Hi gher inprovenent in one pass starch retention

(pr ObabLy co(;rn stakth werie SnhtBéckangd wiepo ddhsoypwhiceend differeadei s
From 790 B L0 U5 kb 0N O RALR OFldO e hE

regul ar st ar ¢ paper WI th the
sane anpunt ¢fooked corn Sélmwaﬂdbﬁeﬂﬁqdhésﬁ%e\"h% ERAME; sfl‘nBEx"’?jg

ﬁDDLOXI) mat el )é(ﬂ:'é%.ls s%urry by Gheum@ctu&heakeaﬂ iengtbatch spptexiatakel y 20%
i gher 0 .0 tar t t ent
35 5 tompebffund fabn BaBE! of CAGH 26 FNCEE. 5""1%%9?% S ol e
fr om Techni catars¥as addad 6710 @néupalﬁl%mnpsﬁ‘a?a#mﬁq 3HEYDUNWoOdy

Park, Atl ant asudehadfs4l MheSstarch granules were completely d1srupted.)16 -

VO 97/ 00921 PCT/ US96/ 10662

of starch i nW&i‘%g% (retention) Burst index is apfrom mat el y 28%
hi gher, and Breaki FBis ¥AmPYSs 1AABFERRTRR &hp PROPertisq Gfcregulax d"l"‘f‘?@lrmr e
honbgeneqss diidd icbvhi Stardh tdand waxy stmmadi fiietiocpepestarch as wet end

additives.
The following properties were evaluated:
® Cooked Swollen Volume ("C.S.V.") at different tempera-
tures, increments of five degrees Celsius from 60 to 85°C.
15 m Cooked 801ub1es'(c.s.) at different temperatures (the
same as for C.S.V.)
s Granule volume at different temperatures (from 50 to
95°C).
To see the starch granule volume at different temperatures,
20 Dboth starches were cooked in a Brabender Viscograph (See J.A.
Radley, Examination and Analysis of Starch and Starch Products,
pPp-. 107-110, Applied Science Publishers Ltd. (London 1976),
raising the temperature at a rate of 1. 5°C/min. At different
temperatures, some drops of product were collected, without
25 interrupting the cooking process. The drops of product were
mixed with a few milliliters of cold water to stop the swelling
of the starch granules and the sizes of the swollen granules
were measured microscopically using a micrometer lens.
Each starch was swollen at various temperatures in a batch
30 system in increments of five degrees Celsius from 70 to 85°C and
paper handsheets were prepared with different amounts of starch
added (1% and 3%) -working with 100% of virgin fibers (50% BSWK
and 50% BHWK), no filler, 1% rosin and 2% alum were added to the
stock. The pH was adjusted to 4.8 with sulfuric acid. The
35 following properties were evaluated:
s First pass starch retention
s Paper Strength: = Burst Index
= Tensile Strength

- 15 -
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WO 97/00921 PCT/US96/10662

Cooked Swollen Volume (C.S.V.) and Cooked Solubles (C.S.)
also were evaluated.
The paper handsheets were conditioned at TAPPI? Room accord-
ing to TAPPI No. 402 - om - 88 and for purposes of evaluating
5 the process conditions and paper handsheets, the following test
procedures were employed: '
1. One pass starch retention-Phenol/Sulfuric Acid Method
2. Paper Properties: _
» Bursting Strength - TAPPI No. 403 om - 91

10 (Burst Index)
» Tensile Strength TAPPI No. 404 om -~ 87
(Breaking Length)
= Grammage TAPPI No. 410 om - 88

Cross sections of the paper handsheets were prepared and
15 observed at the microscope stained with iodine and illuminated
with no polarized transmitted light to see the starch distribu-
tion into the sheet.
The results of the analyses are shown in Table 1 for regu-
lar starch, Table 2. for waxy starch and Table 3 for reference.
20 Starch analysis is summarized in Table 4.
The unmodified waxy maize corn starch, compared with unmod-
ified regular corn starch, shows:
s A higher cooked swollen volume and lower cooked solubles
working at temperatures higher than 70°C. At temperatures
25 lower than 70°C there are no differences between both
starches.
= Higher improvement in one pass starch retention (probably
due to its higher volume). The improvement obtained is
from 57% to 85% for the waxy starch and from 28% to 53% for
30 the regular starch.
s Higher paper strength is obtained with the same amount of
starch added to the paper (Burst Index is approximately 45%
higher, and Breaking Length is approximately 20% higher)
due to the higher starch retention. With the same content
35

*TAPPI test methods are published and they are available
from Technical Association of the Pulp and Paper Industry,
One Dunwoody Park, Atlanta, GA 30341 U.S.A.
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WO 97/ 00921
PCT/ US96/ 10662 [err]

WO 97/00921 PCT/US96/10662

of starch in the paper (retention) Burst index is approxi-
mately 28% higher, and Breaking Length is approximately 18%
higher due to the more homogeneous distribution of the
starch into paper.
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65[err]C 2. 40 1.22 2.41 1.32 20 70[err]C

4. 43 2.51 5.26 1. 47 75[err]C 6.12

3.95 8. 20 6. 87 80[err]C 7.33 6. 40

26. 50 10. 00 85[err]C 8.32 5. 30 39. 00

11. 60 25 Moisture 12. 5% . 8%
Scott Vi scosiWWQPHR 12g/ 83 seg 7gl/’(§riussgggl;“&1

Br abender Vi scoam | ogr aph: Pasti ng Tenperature: 86 C
72[err] C 74 C* 30 Peak

Tenper at ur e: n@® peak* 85[err] C Vi scosity
at.the Peak no peak*$9 m 10 U & ﬁ i n.Brabender Units
("BU") * measur gd at°°6%(@ coprentgati @h ** measured at 8% of
concentration [err] Scott Viscosity is a method to determ ne

t he hot paste. viscosity of starch pastes. The nethod is published in
Kerr, ~ R W "Chem sty and Industry of Starch", pages 119-121, 2nd

Edi ti on, 1950. Academi caPress |now, New Yornk 1n N

- 20 . W8 97/ 80821 ° =

PCT/ US96/ 10662 Eﬁrrpl e5 © = Fpis Uxanple illustrates the
properties of manioc, pé&tato, wheat, sago and rice starch as wet end
addi tives. For,, purposes of evaluating the swollen starches, the

fol- 5 lowing test progedures wepe el oygd: ., 1lg Cooked Swollen Vol une
(C.S.V.) at different tenpergtureg bt = S [&r] Manioc:

55/ 60/ 65/ 70/ 75/ 80 C = © [e-rr] |Is’otatf'(;: 55/ 62/ 69/ 76/ 83 [err] C
[err] Wheat: 55/ 65/ 75/@5/ 95 [err]C 10 [err] Sago:
65/ 70/ 75/ 80/ 85 [err] C [err] Rice: 65/ 75/ 85/ 95/ 95* [err]C
(*) The starch was mai nti ned at 95[err]C for 20 mn, 2. Cooked
Sol ubles (C.S.) at the fRne tenpeRat ures asi f ore v S. V. 15 The
starches al so were swol Ipn af™ di f8erent teﬁ)era&ures in a conventi onal
batch systemas fol | ows:Z [err] Manioc: 60/68/76/84 [err] C
[err] Potato: 60/6& 72/78 [err]C [err] Weat: 59/ 71/ 83/ 95
[err]C 20 o [®rr] Sago: 69/ 74/ 79/ 84 [err]C .
[err] Rice: 70‘/“8") 95/@5*[(3,{@,0" ';, § 2 2
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(*) The starch was maintained at 95 [err] C for 20 min. Paper

handsheets were prepared with different anmounts starch added (1% and
3%, working with 100% of virgin pulps (50% 25 BSWK and 50% BHWK), no
filler, 1%rosin size and 2% alumin the stock. The pH was adjusted to
4.8 with sul furic acid. The paper handsheets were condit d at
TAPPI Room acM®8U00%21 g to TAPPI No. 402 - on - 88 and f¥f¥ ’gi?ﬁ)'g“g s of
eval uati ng t he process conditions and paper handsheets, the foll ow ng
test 30 procedures were enpl oyed: 1. One pass starch
retention-Phenol/Sulfuric Acid Method TABLE 3 2. Paper Properties:

[err] Bursting Strength TAPPI No. 403 on - 91

(Burst Index) 35 ierr] Tensile Strength TAPPI No. 404
om - 87 Seppi8ki ng Lengt h) BLANK  [err] Grammage
TAPPI No. 410 om - 88 Swelling - 21 -

WO 97/ 00921 o PCT/ U396/ 10662

Cross secfions of the papereﬁgeﬁa et s were p e%éred and observed under
the mcroscope stained wt®oE8dene and illum {¥) nated=with unpol ari zed

transmitted light to see thﬂanhagéh di s- (gywtyion e8t® the sheet. 5
Tabl e 5A gives the results ﬁQ?Iyses * (o] tarch, Table 5B
for potato starch, Table SSE%O ﬁ%ea staré&ga ﬂ?@% 153§for sago starch
and Table 5E for rice star&feaking Lengt
10 Starch cOntent' (%) e
Starch Retention* (%) -
*First Pass

TABLE 4
STARCH ANALYSIS
15 Starch: —VRegular Waxy
C.S.V. Cc.S. C.S8.V c.s.
Temperature ) :
60°C 1.71 0.96 1.91 1.17
65°C : 2.40 1.22 2.41 1.32
20 70°C 4.43 2.51 5.26° 1.47
75°C 6.12 3.95 8.20 6.87
80°C 7.33 6.40 26.50 10.00
85°C 8.32 5.30 39.00 11.60
25 Moisture 12.5% 11.8%
Scott Viscosity® 12g/83 seg 79/84 seg
Brabender Viscoamilograph:
Pasting Temperature: 86°Cx 72°C*
74° Ck*
30 Peak Temperature: no peak#* 85°C*
" Viscosity at the Peak no peak* 610 BU*
in Brabender -Units ("BU")
* measured at 6% of concentration

*% measured at 8% of concentration

3scott Viscosity is a method to determine the hot paste
viscosity of starch pastes. The method is published in Kerr,
R.W. "Chenmistry and Industry of Starch", pages 119-121, 2nd
Edition, 1950. Academic Press Inc., New York.
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WO 97/00921 PCT/US96/10662

Example 5
This example illustrates the properties of manioc, potato,
wheat, sago and rice starch as wet end additives.

- For purposes of evaluating the swollen starches, the fol-
5 lowing test procedures were employed:
. 1. Cooked Swollen Volume (C.S.V.) at different temperatures

= Manioc: 55/60/65/70/75/80 °C
s Potato: 55/62/69/76/83 °C
» Wheat: 55/65/75/85/95 °C
10 ® Sago: 65/70/75/80/85 °C
s Rice: 65/75/85/95/95% °C
{*) The starch was maintained at 95°C for 20 min.
2. Cooked Solubles (C.S.) at the same temperatures as for
c.S.V. '
15 The starches also were swollen at different temperatures in
a conventional batch system as follows:
= Manioc: 60/68/76/84 °C
s Potato: 60/66/72/78 °C
s Wheat: 59/71/83/95 'C
20 = Sago: 69/74/79/84 °C
= Rice: 70/82/95/95%°C

(*) The starch was maintained at 95°C for 20 min.

Paper handsheets were prepared with different amounts
starch added (1% and 3%), working with 100% of virgin pulps (50%

25 BSWK and 50% BHWK), no filler, 1% rosin size and 2% alum in the
stock. The pH was adjusted to 4.8 with sulfuric acid.

The paper handsheets were conditioned at TAPPI Room accord-
ing to TAPPI No. 402 - om - 88 and for purposes of evaluating
the process conditions and paper handsheets, the following test

30 procedures were employed:
1. One pass starch retention-Phencl/Sulfuric Acid Method
2. Paper Properties:

» Bursting Strength TAPPI No. 403 om - 91
A {Burst Index)
35 s Tensile Strength TAPPI No. 404 om ~ 87
: (Breaking Length)
s Grammage TAPPI No. 410 om - 88
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Cross sections of the paper handsheets were prepared and
observed under the microscope stained with iodine and illumi-
nated with unpolarized transmitted light to see the starch dis-
tribution into the sheet.

Table 5A gives the results of the analyses for manioc
starch, Table 5B for potato starch, Table 5C for wheat starch,
Table 5D for sago starch and Table 5E for rice starch.
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PCT/ US96/ 10662 W were able to divide the starches eval uated
into two gr oups: a. Manioc, Potato and Sago.

WO 97/00921 ' PCT/US96/10662

We were able to divide the starches evaluated into two
groups: .
a. Manioc, Potato and Sago.
They showed high Cooked Swollen Volume (C.S.V.),

5 high Cooked Solubles (C.S.) and the highest first-pass
starch retention,.mainly working with high starch dos-
ages.

b. Wheat and Rice.
They showed low C.S.V. and low C.S.

10 Sago starch swollen at 84°C in a batch system also showed
good results. (Similar behavior could be obtained by swelling
the sago starch in a jet cooker at lower temperature.) It could
be useful in countries where Sago starch is available and where
starch modification channels do not exist.

- 28 -



They showed hi gh Cooked Swollen Volune (C.S.V.), 5 hi gh Cooked

Solubles (C. S.) and the highest first-pass starch retention,

mai nly working with high starch dos- . ages. - b. Weat and
Ri ce. They showed | ow Cr“"m(uﬂﬂmm rﬂm ' 100I I Sago starch
swol len at 84[err]C in a batch syste good results.

(Simlar beha&f(b? |'d be obtained by sfeltiny s *the sagdH{EPIEZ, 5

j et cooker at |ower tenperature.) It could be useful in countries where
Sago starch is avail able and where starch nodification channels do not
exi st. What is claimed is:

- 28 - 1. A papermaking additive composition comprising a two

phase suspension of swollen starch having a dry substance from

- about 0.5% to about 30% by weight, a cooked swollen volume from
5 about 1.6 ml./gram to about 100 nl./gram and cooked solubles
R from about 0.5% to about 50% by weight.

2. The composition of claim 1 having a cooked swollen
volume from about 4 ml./gram to about 65 ml./gram and cooked
solubles from about 1% to about 35% by weight.

10 3. The composition of claim 1 wherein the starch is se-
lected from the group consisting of corn, waxy maize, potato,
wheat, rice, sago and manioc.

4. The composition of claim 1 wherein the starch is corn
starch, the cooked swollen volume is from about 1.6 ml./gram to

15 about 10 ml./gram and the cooked solubles are from about 0.5% to
about 6%.

5. The composition of claim 1 wherein the starch is waxy
maize corn starch, the cooked swollen volume is from about 1.9
ml/gram to about 40.0 ml/gram and the cooked solubles are from

20 about 1.1% to about 12.0%.

6. The composition of claim 1 wherein the starch is po-
tato starch and the cooked swollen volume is from about 32
ml/gram to about 58 ml/gram and the cooked solubles are from
about 34% to about 41%.

25 7. The composition of claim 1 wherein the starch is
manioc starch and the cooked swollen volume is from about 15
ml/gram to about 40 ml/gram and the cooked solubles are from
about 6% to about 14%.

8. The composition of claim 1 wherein the dry substance

30 is from about 0.5% to about 10% by weight.

9. The composition of claim 1 wherein the dry substance
is from about 0.5% to about 8% by weight.

10. A method of making a papermaking additive composition
comprising cooking a starch slurry having a dry substance from

35 about 0.5% to about 30% by weight under controlled temperature
conditions from about 55°C to about 95°C for a sufficient time
to obtain a two phase suspension of swollen starch having a
cooked swollen volume from about 1.6 ml./gram to about 100



WO 97/ 00921 ' PCT/ US95/ 10.662 What

is clainmed is: 1.__A papermaking—addi-ti ve conposition conprising
a two phase suspension of swollen stalgmtavi ng a dry substance from

about 0.5%to about 30% by wei mmli | len volume from 5 about
.6 m./gram t 100 m./

: . | ubl es ,[%[th&ut
0.5% to about R wei ght. 2. The conposition l’(g‘?l’rc m 1

havi ng a cooked swol | en : vol une fromabout 4 m./gramto about 65
m-. /gram and cooked sol ubl es from about 1% to about 35% by wei ght.
10 3.ml .‘I'/rga:'amoapdscmlned colmibdiesn fratheabout DhE% staradouts 58%-by

| ect ed from‘ggfgtg,_r oup consisting of corn, waxy naize, potato, wheat ,
rice, sago and |oc n of cJaiml wherein

the starch is co The methed, of ﬁiat’:ﬂok%d'%sl hgeo‘F‘Eﬁ%‘q% 18 6 about
1.6 ml./grandected in aabontimous processaattl & IpHl foohecabawt Ubhltesabhowt f&.0m

%0‘“ 0. t53/;]° to 2 . apREI néfhod of claim 11 %he%&nﬁ%ﬁ?ﬁ&ﬂ'éi%sgﬁnééfiilin 1
erein the starc i.ze corn starc e ‘cooked swol | en

vol ume is frg’r‘ﬁ % vvg fo aboyk ;Igr%aﬁ?’t‘ﬁe t 40.0 nl/gram and the cooked
sol ubl es are from3 20hegpethod df/cleimbbeiwhkxed the cooking isGeoffhe
COWEOZI ti olnl&.ic&l.flm & nagéle'&&&&ssw;ﬁmm&ﬁ%us agitd®ich tstcggC%rfnd the
cooked swol I en vol une,is_.from.a ou ram
and the cook%'&’%%a}"ﬁ’ﬁl 48 fFem f?%?ﬁq: £ o BRME gé?"/%f’@%ﬁﬁa}? yfrom t

7. The Ybhnp®ste iaheusf 8¢l aim 1 wherein the starch is mani oc starch

and the cooked swa.l eR metua@ 53 ﬂm&gab pé'ﬁlaklng aahiﬂiﬁn 389t orft O

m /gram and t he coqked 39 Qut _6%to ut 14

8. The corrpoé TRYSE-0F SP é SHer c&‘ ??‘é"%ﬁy h?ﬂﬂ'??aﬁcé‘ %‘g’s téﬁ"?"?;lbOUt
0.5%to abou?bqw%ﬁytﬂeﬁaﬁ%t 8% by weight, cat mlea#pﬁsmwwwe.cﬁa@m 1
wher ei n the siboutsuhStaaseabout 35°¢,f ianaabatdh Qroteks whentcohtibouei ght .

10. A

O e
about 30% byadiqsfiad Ei’ﬁgEr CRYP *%I"f%@rpﬂnﬁﬁﬁ“&f (f &o about b} ARG F@intaingd
about 55[ erratatnat 1eveflefor Ffam abomitl 5i to aliouti 20 minutes cfallbamed byt WO

phase 5“““@%&%&?&%‘ Bfnaiiér&l‘ g%@&b@gtﬁe pH to $28HCEpSYP!d &3 ¥BbWE®

from about 1 ramto

1150 2P 163 dhradh aeup Pinan, SHAPSDSIRR O SHRHLER FERFRLURNING. 36 ¢ o
about 5020 bycookedvswpililen volume. frbl abhut nkid ol .¢oramaton diouthd00i n t he

cooking i s CRY;/gram and cooked solubles from about 0.5% to about 50% by
weight.
15. A method of sizing paper comprising adding to the
furnish in a papermaking process at a point after the refining
25 step a papermaking additive composition comprising a two phase
suspension of swollen starch having a dry substance from about
0.5% to about 30% by weight, a cooked swollen volume from about
1 ml./gram to about 100 ml./gram and cooked solubles from about
0.5% to about 50% by weight.
30 16. The method of claim 15 wherein the pH of the furnish
is from about 4 to about 9.
17. The product of the process of claim 15.
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ducted in a continuous process at_a pH from about 5 to about 8. 5?"“\"P SI@PY
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met hod of claim1l
about 10% by wei ght.
ing is con-

ﬂg%@e tance is from about 3% to
d of claim 10 wherein the

ducted in a batch process with continuous agi
substance is fromabout 3% to about 8% and the pH i|ZPRE
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(54) Title: SWOI_._LEN STARCHES AS PAPERMAKING ADDITIVES
(57) Abstract

A

A wet end additive composition which is used as a sizing agent in 2 papermaking process, the composition comprising a two phase
suspension of swollen starch having 2 dry substance from about 0.5 to about 30 % by weight, a cooked swollen volume from about 1.6
ml./gram to about 100 ml/gram and cooked solubles from about 0.5 % to about 50 % by weight. The composition is preparated starching
with a starch slwry having a relatively low concentration (dry substance) of starch, The shurry is subjected to carefully controlled swelling
conditions (temperature and pH) which can vary depending upon the type of starch employed. The dry substance of the siurry also may
vary depending vipon whether a continuous or batch process is employed. The composition is used in a papermaking process by adding it
to the furnish after the refining stage.




