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DESCRI PTI ON REACTI ON_PRODUCT_OE SULEQNATED AM NO-RESHN AND-AM-NO—
GROUP-"CONTAI NI NG SUBSTANCE AND PAPERMAKI' NG PROCESS 5

TECHNI CAL FI ELD The present invention relates to a product

obt ai ned by reacting a sulfonated amno resin and an a

cont ai ni ng sWNWABE  a sol of the product and a process dqh?or produci ng
it. The present invention also relates to 10 a papermnaki ng process which

conprises sheeting an aqueous paper making st ock containing cellul ose
fibers or cellulose fiber and an inorganic filler material,

foll owed by renoval of water and drying, characterized by use of a
product obtained by reacting a sulfonated amno 15 resin and an am no

gr oup- cont ai ni ng substance, whereby DESGRIPRIGMt i on of cellul ose fibers
and an inorganic filler material during sheeting is sufficiently

i mproved, and REACTIEON PRODUGE QR FULEONATED AMENONBESEN AND AMENO or

t he quality of a paper sheet, to 'qprove t he Broduction 20
efficiency during shGBB TCONTAINANG SUBSTANCE AND PAPERMAKING PROCESS

BACKGROUND ART A zeta potenthg#sﬁig#ggiiggé(M’ paper maki ng whi ch

contai ns a subfonic acid group-cont ai = f or mal dehyde

condensate as an acti i keBhvbftidn réi @ igh eeSebRexaqi ned
e (PSR CEPTERL SR LR

Pat ent Publicati on No. 85. The publication discloses that the

sul fonic. by reacting a sulfonated amino resin and an amino group-

containing substance, a sol of the product and a process
for producing it. The present invention also relates to

10 a papermaking process which comprises sheeting an aqueous
papermaking stock containing cellulose fibers or
cellulose fiber and an inorganic filler material,
followed by removal of water and drying, characterized by
use of a product obtained by ‘reacting a sulfonated amino

15 resin and an amino group-containing substance, whereby
the retention of cellulose fibers and an inorganic filler
material during sheeting is sufficiently improved, and
drainage is improved without lowering the strength or the
qguality of a paper sheet, to improve the production

20 efficiency during sheeting and during drying.

BACKGROUND ART
A zeta potential regulator for papermaking which

contains a sulfonic acid group-containing melamine-
formaldehyde condensate as an active ingredient is

25 proposed in Japanese Unexamined Patent Publication No.
259699/1985. The publication discloses that the sulfonic

acid group-containing melamine-formaldehyde condensate is



. acid group-containing nelam ne-fornal dehyde condensate is WO
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- 2 - obt ai ned by condensing 1 part by nol of nelamne or a

m xture of nel am ne and anot her condensabl e conmpound, 2 to 4 parts by
mol® of formal dehyde or an equival ent nols of a formal dehvde ,donor,
and from 0.5 VO3t s by nol 5 of a bisulfite and a su ﬁ%"g'?‘"ah
equi val ent nols of a bisulfite or sulfite donor in a nolar ratio of
formal dehyde to the bisulfite or the sulfite pf-from 4.5:1 to 2:1.

Many sul fonated am no resins have been proposed as 10 water reducing

agents for concret %hta%eangggcgﬁéﬂ%- 1 .partP%E(eﬂBlp Plfngﬂd\% " a

13991/ 1977 proposes an aque uti‘on of "a sultonic ac

group- cont ai ni Ng Myli&EuRe- of melamiHd RNE Andtheendonaehsawhe aedisbuha, 2
reacting a nel am ne- urea m xture, formal dehyde and an alkali sulfite

in an 15 aqueous teoldupavksi by amoiblafr fcamaddehyde20o7 an Sy@ivalerito mols

1.1. Japanese Exam ned Patent Publication No. 43699/1989 proposes a
sul fonic acid groupfcanfermahdehyde donor, and £remng) 3ictR @ Raxis byamel

aducous. modi um $n BF S0BLABIESc¢ e el I ts e 4R Sprifatine icid o'
The above-menti oneg; gih EQRLCoP Chith A1tU HonBR! #hNh"Holar ratio of
formaldehyde to the bisulfite or the sulfite of from
4,5:1 to 2:l.
Many sulfonated amino resins have been proposed as
10 water reducing agents for concrete. Japanese Examined
Patent Publication No. 13991/1977 proposes an agueous
solution of a sulfonic acid group-containing melamine-
formaldehyde condensate obtained by reacting a melamine-
urea mixture, formaldehyde arnd an alkali sulfite in an
15 aqueous solution in a molar ratio of 1:2.7 to 3.2:0.9 to
l.1. Japanese Examined Patent Publication No. 43699/1989
proposes a sulfonic acid group~containing melamine-
formaldehyde condensate obtained by condensing melamine,
formaldehyde and a sulfite in an agqueous medium in a
20 molar ratio of 1:2.2 to 3.2:0.3 to 1.0,
The above-mentioned sulfonic acid group-containing
melamine~formaldehyde condensates are not so effective as
a retention aid during sheeting, and have a drawback that
it is inferior in slump retention, though they are very
25 effective as a water reducing agent for concrete. The
sulfonic acid group—-containing melamine-formaldehyde

condensates has another drawback that their application
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mel am ne-f or mal dehyde condensates are not so effective as a retention
aid during sheeting, and have a drawback that—— it is inAferer—a—stunp
retention, though they are very 25 effective as a water reduci ng agent
for concrete. The sul foni c acid group-contai ni ng

mef am ne- f or mal dehyde condensat es has anot her drawbac I r

appl i cati on WO96/34027 \\ 96/ 34027 ‘pribbonbis

PCT/ JP96/ 01043 - 3 - and anount are
limted because of the remaining free - 3ormal dehyde. In addition, it is
difficult to obtain a sul foni c acid group-contai ni ng

mel am ne-f or mal dgpgd;e ount %‘}'édg@ﬁi"tﬁdhﬁé_léﬂféédf the' irenRliningbErbbe

nmet hods 5 dis I'n the above publications. NGO report has
been made about argymdidehydet.ai 1adadfition, itede idif fi it evabbtabni a0
resin and an am no group- cont ai ni ng subst ance. The first
aspect of the preadfioninyaciidogrpupveortaining nelanmine-Sornaddehyder cact i ng
a sulfonated am no resin and . an_ am no, groyp-cont ai ni sugstance whi ch

sol ves the Arnfensate 5azdngr avBdek VisCaRIR By tthéng'%F§° Snovel
The present 1 iverfraohatt iR sRe shabe FERoY gt containing
substance such as el bl Hig Baah! Made abdiits W'ptdduct BBasHER by
reacting a sulfonated amino resin and an amino group-
containing substance.
The first aspect of the present invention provides a

10 product obtained by reacting a sulfonated amino resin and
an amino group-containing substance which solves the
above-mentioned drawbacks of prior art and is a novel
material useful in many ways, and a process for its
production.

15 The present inventors have found that an amino group-
containing substance such as melamine can be easily
dissolved in an aqueous solution of a sulfonated amino
resin, and accomplished the first aspect of the present
invention as a result of extensive researches. Namely,

20 the first aspect of the present invention provides a
product obtained by reacting a2 sulfonated amino resin and
an amino group-containing substance which is useful in a
wide variety of industries, e.g., as a retention aid in
production of paper made mainly of cellulose fibers, or

25 cellulose fibers and inorganic filler materials, as a

- £locculant in waste water treatment, as a water reducing

agent in preparation of hydraulic inorganic materials



resin, and acconplished the first aspect of the present I nvention as a

result of extensive researches. Nanely, 20 thefirst aspect—ef—t+he—present

i nvention provides a product obtained by reacting a sul fonated am no
resin and an am no group-contai ni ng substance which is useful in a

witle variety of industries, e.g., as a retention aid in ﬂgﬂﬁ ion of
paper made mWOPEB4EY7 cel | ul ose fibers, or 25 cellul ose fibgﬁggan ok’

inorganic filler materials, as a flocculant in waste water treatnent,
as a water reducing agent in preparatiog of hydraulic inorganic
material s WO 96/ 34027

PCT/ JP96/ 01043 c ; h t
and gypsum as an %%%?x??w%? SF Fﬁg gg??%m, as aﬁj%&?;&}g‘gh?g?dtﬁﬁnﬁe I ng
method, and as a dpseesrdisHi@ld tunnelOR§imgkhdd,s and agnd aibBpecesnt ffur
Its production. Paper made mainly of cellulose fibers or of
cel | ul ose 5 fi besatmgl, iiter gadi andi & | processficxl dtisspgeductioy.
manuf act ured by suppl yi ng an agueous paper nmaki ng st ock prepar ed. by

di spersing and separ at Papez madel BRdndypaf pcehlulose fibess oxdpfisephiulone
concenty a0 o0 300 oo 0ot Yporgans SPELLS: SUSRAATE HLARRPREITLIET, o
oY, 10 P 0vesses, dfpbeEARY By bl bha ) ldhiste paperhikEsy S
paper maki ng machi neSepdydd B4S dAdgeis¥A§ and separating a cellulose pulp in
water, aﬂjusting the concentration and, if desired,
adding filler materials and other additives, to a
10 papermaking machine, followed by removal of water and
drying processes. To improve retention of cellulose
fibers and fillers, strength and quality of a paper sheet
and productivity, papermaking machines, various additives
such as cationic starch and papermaking processes have
15 Dbeen improved?
it has'been conventional to employ the acid
papérmaking process wherein aluminum sulfate is used as a
flocculant and as a fixer for sizing agents, and an
anionic organic polymer is used as a strength agent and
20 as a retention aid. In recent years, inorganic filler
materials are added in increasing amounts for the
purposes of cost-cutting and improved quality of a paper
sheet, and more low-quality pulp is used due to shortage
of high quality pulp and for the purpose of cost-cutting.
25 Further, the sheeting rate is increasing for improved

productivity. The acid papermaking process, which

requires much aluminum sulfate, is displaced by a



such as cationic starch and paper naki ng processes have 15 been inproved.
It. has been conventional to enploy the acid pape+mali-rg process——
wheréin alunmnumsulfate is used as a flocculant and as a fixer for
si zing agents, and an ani oni c organic polyner is used as a strength
agent and 20 as a retention aid. In recent years, |norg k+ﬁﬁ§
material s ar QMM n i ncreasi ng anounts for the purposes
cost-cutting and inproved quality of a paper sheet, and nore

| ow-quality pulp is used due to shortage - s - of high quality pul p and for
t he purpose of cost-cutting. 25 Further, the sheeting rate is increasing
for inproved I 1 gPBPEEERK | 18 NB3P CaFeS . neftirah '
requires nuch al u%aﬁgﬁ?é%l%/a%a/e pa;gs&(ljn?g[’)' gcgd by a ¥ WO 96/ 34027

PCT/ JP96/ 01043  papermaking process in many cases Sbecause obdirfadequaced
paper maki ng process and by the neutral paper maki ng process in many
cases because of éunualeility of thedresuilting pPapPehe #Q;&.Hﬁ§ qvgqctapsnse of

i nsufficient reuse of white water, orros on, of f |I|t|

unusabi lity of  Whibe WabBTmIRFTOB0NsO iEiRg an téﬂ of
Tech d add devel oped for t t
paper ki ng. prboeCRlEHER AR HETHYEC a8 pry *fﬁ??%‘!?écefﬁﬂr ma%rzﬁ'al Lernative
processes. Ther ef Qééhﬂ:@dé‘é"tdrg‘ a%d(igives aee'erﬁlséa)%:f Q'.rhel BYrvénRYonal

10 desire eve

retention are especla to be d oped, and many proposal s
for the acid acid papermaking process are not sufficiently effective

in the alternative processes. Therefore, retention aid
and methods for improving retention are especially

10 desired to be developed, and many proposals for the acid
papermaking process and the neutral papermaking methods .
have been made.

It has been long known to use a cationic starch in

order to cause flocculation, 'which is advantageous to

15 papermaking and to improve strength of a paper sheet.
Japanese Examined Patent Publication No. 6587/1980
proposes a method employing a combination of a cationic
component such as a cationic starch or an acrylamide
copolymer with an anionic component such as natural

20 starch or a carboxymethylated starch, and Japanese
Unexamined Patent Publication No. 12824/1980 proposes a
method using a cationic resin emulsion and an anionic
water-soluble polymer in combination. Japanese
Unexamined Patent Publication No. 259699/1985 discloses a

25 method wherein a zeta potential regulator containing a
sulfonic acid group-containing melamine-formaldehyde

condensate as the active ingredient is added before



paper maki ng process and the neutral papermaki ng nmet hods have been
made. I't has been long known to use_a-cationic starch—in—r1-

order to cause flocculation, which is advantageous to 15 papermaki ng and
to inprove strength of a paper sheet. Japanese Exam ned Pat ent
Publ i cati on No. 6587/1980 proposes a net hod enpl oyi ng gﬁﬁﬁ@ﬁion of
a cationic WO%BMBbnent such as a cationic starch or an a(a:?w

copolymer with an ani oni c conponent such as natural 20 starch or

car boxynet hyl at ed starch, and Japanese - &nexam ned Pat ent Publlcatlon
No. 12824/ 1980 proposes a met hod using a cationic resin enul sion and

Cnexam ned Pat ent PO Sog Ao "R JEoR8y PO EePsk 19RRASATng an

wherein a zeta pOtﬁiﬁHoﬁer&%g%iPQérfDﬁfdé“dw adstrengthl 5§8h€. aCidbanese

group- cont ai ni ng el am ne-f or nal dehyde condensate as the active
i ngredi ent i s adddtheébimined Patent Py¥LDSIt34002 No. 14096/1990 proposes a
PCT/ JP96/ 01043 sheeting an

aqueous papernaklm&ﬁﬁﬂﬁcwhséﬁ@alﬁl?@ﬁ%ﬂplc StarSBpHStEFFG b%l?%&#ﬁﬂ
DI R S R Lt L TR
conbination 5 Wdd}i3aG@Nkeatel €a5LOHUL w’ittﬁrEPoﬂbb?h ngd DY GEPKii%ea
on the cationic starch, of an anionic polymer. As the
anionic polymer, a sulfonic acid group-—containing
~ melamine-formaldehyde condensate is proposegd.
10 The methods proposed by Japanese Unexamined Patent
Publications No. 6587/1980 and No. 12824/1980
characterized by combined use of a cationic organic
polymer with an anionic organic polymer, improve
retention of cellulose f£ibers and inorganic filler
15 materials and strength of a paper sheet, but has a low
productivity due to poor drainage, and lower quality of a
paper sheet such as formation.
The combination of an amphoteric polyacrylamide with
a zeta potential reguiator containing a sulfonic acid
20 group-containing melamine-formaldehyde condensate as the
active ingredient, as proposed in Japanese Unexamined
Patent Publication No. 259699/1985, can improve strength
of a paper sheet. However, in this method, retention of
cellulose fibers and inorganic filler materials is poor
25 Adue to weak flocculation, and the drainage is also poor.
The combination of a converted cationic starch with a

sulfonic acid group-containing melamine-formaldehyde



cationic starch together with fromO0.2 to 15 w% based on the
cationic starch, of an anionic polyner. As the ani oni-c—poyrer—a
surfoni ¢ acid group-contai ni ng mel am ne- f or mal dehyde condensate is
proposed. 10 The net hods proposed by Japanese Unexam ned Pat ent
Publ i cati ons No. 6587/1980 and No. 12824/1980 characte

conmbi ned useWS¥9684Q&2t | oni ¢ or ganic pol ymer with an ani ‘Tzl?ﬂ'g%gﬁ c

pol ymer, inprove retention of cellulose fibers and inorganic filler

15 materials and strength of a paper sheet, sbut has a | ow productivity
due to poor drainage, and lower quality of a paper sheet such as

format i on. i SeRPAPEENTAOA Uhibhnid) pRIDHRLETAE BPLYAELY! AT Hipalied

a zeta potential regu contal ni roup-co ta|n|n
mel ami ne- f or mal debﬁ@ﬁaﬁi’ﬂ@@rﬁﬂé\@@dﬂmcatmnaﬂbl Vﬂﬁ@&l}ﬁb@ﬂtacﬁ%v@s()posed
i n Japanese Unexam ned Pat ent Publication No. 259699/1985, can inprove
strength of gopépeetemicidn dridvé@rainage bhtscamtmotl acletevd i on of
cellulose fibers and inorganic filler materials is poor 25 due to weak

fl occul ati on, andsuﬁélqiemheﬂﬁtﬁlﬁ'-mns@ﬂéeér certain Teendbrinnfmidush t&f a

converted cationi¢ st tainin

mel am ne- f or NS deﬁpﬂgﬂmlent f]\mcgé.)%iel?];g%chgsm { c?z[aov%ac Or{:hat co %trol

PCT/ JP96/ 01043 of the performance of a_ convertéd ‘cationic SEHIMNSRLe as an
ani oni ¢ pol yner, 8s proﬂ%% apanese

difficult.

The second aspect of the present invention provides a
papermaking process which can achieve sufficient
10 retention and good drainage in sheeting under acidic and
neutral conditions by the use of a product obtained by
reacting a sulfonated amino resin and an amino group-
containing substance.
DISCLOSURE OF INVENTION
15 The first aspect of the present invention provides a
product obtained by reacting a sulfonated amino resin and
an amino group-containing substance in a weight ratio of
from 1:0.05 to 1l:3.
The second aspect of the present invention provides a
20 papermaking process which compfise sheeting an aqueous
papermaking stock contains cellulose fibers (A), or
cellulose fibers (A) and an inorganic filler material
(B), followed by removal of water and drying, wherein a
cationic or amphoteric polymer (C) and a product (D)
25 obtained by reactin§ a sulfonated amino resin and an
amino group-containing substance are added to the aqueous

papermaking stock before the sheeting.



Unexam ned Patent Publication No. 14096/1990, achieves good retention

and drai nage but can not _achieve sufficient retention under_certain
conditions due to 5 insufficient flocculation and has a drawback that
control of the performance of a converted cationic starch is

di fficult. The second aspect of the present I nventi N4adCS 2@
paper maki ng pMRXWBIO2Lhi ch can achi eve sufficient retentﬁgﬂugﬁﬁ'gg

dr ai nage i n sheeting under acidic and neutral condltlons by the use
of a product obtained by reacting a sulgfenated am no resin and an

am no group- cont ai ni ng subst ance. DI SCLOSURE
OF I NVENTI ON 15 e r fﬁﬂgggd e e v, @yl des a
product obtai ned by rea?:t Fir}g gﬁ]éu f onat gjmg% rﬁggggsﬁ %ﬁ i %rgﬁﬂgm no

group- cont ai ni ng sghgk@naspect of\itghpriesent dhvention freullfédndtet-o 1: 3.
The second aspect of the present invention provides a 20 papernaking
process whi ch conpeepbaihies imelaninerfosmsldehyde gandandate disopkefonablns

cel lul ose fibers (ﬁ%gﬁ mﬁﬂeﬁvﬁﬁ%#éhgfgafLagiﬁﬁféﬁﬂég;ifg%¥ na&ggnkgagl;ler
t I B 4 f t,

ggt?gh?c or anéhét o % # ﬁm@ gggfu§$léég te I bt.ai.ned by

reacting a sul f%na r an no agro %Sﬂ‘tnéf’ﬁl ng

EEEZE ?gge are addeﬂeismiﬂs—f&ml&nyae ceﬁaeﬁmﬁﬂv%tﬂ%ﬁe&ar 8qh86us
solutions may be used as the sulfonate-containing
melamine-formaldehyde condensate. Any aqueous sulfonate-
containing melamine-formaldehyde condensate solutions

10 obtained by known methods may be used. For example,
Japanese Examined Patent Publication No. 43763/1990
discloses a method of preparing a highly concentrated
aqueous sulfonate-containing melamihe-formaldehyde
condensate solution, which comprises reacting an amino

15 group-containing substance composed mainly of melamine
with from 0.9 to 1.1 mols of formaldehyde and f£rom 0.3 to
0.4 mol of a sulfite per 1 mol of the amino groups in an
aqueous medium at a pH of from 10 to 13 at a temperature
of from 60 to 80°C for from 20 to 60 minutes by heating,

20 adding amidosulfonic acid and/or sulfuric acid to the
reaction mixture to the pH of 4-6, heating the reaction
mixture at a temperature of from 40 to 60°C for from 50
to 300 minutes, immediately adjusting the pH to 11.5-13.5
and coocling it. The aqueous sulfonate-containing

25 melamine-formaldehyde condensate solution obtained by
this method may be used for the first aspect of the

present invention. 1In this method, the amino group-
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- 8 - _ As the sulfonated amna resin-to-be used+o++the

fiTst aspect of the present invention, a sulfonate- cont ai ni ng

mel am ne-f or mal dehyde condensate is preferably used. The sul fonate is
a alkali metal salt, preferably 5 the sodiumsalt. Conmer G

sul f onat e- coMOA6319%] nmel am ne-f or mal dehyde condensat e?(?\'fg?‘lmggfae I n
aqueous solutions may be used as the sul fonate-containing

mel am ne-f or mal dehyde condensate. Any aqueows =sul f onat e- cont ai ni ng

mel am ne-for mal dehyde condensate solutions 10 obtained by known nethods

may be used. For sasegvhﬁng subs taliA tHpOEEANMALH1 Pa6 £ e Riiric dls on No.
43763/ 1990 glsc oses a nmethod of preparing a highly concentrated

aqueous sul f onat emedamthsi alonel arrianaifxturel déhpezamine withdenswist 20
sol ution, which conprises reacting an amno 15 group-containi ng substance
conposed mai nly ofttse| based on the pmelaminem @foapoanino wampaind &ueh @8hyde

and fromO0.3 to 0.4 nmol of a sulfite.per .l nol of, the am_nq groups in
an - aqueous Hﬁ&ﬁun?a?uéﬁfﬂ+ﬁﬁ'14iﬁ¥aﬂglgﬂlfg’a?na??tﬂﬁkﬂiﬁtﬂ%&éy of

from 60 to 80C for & 60 g1 NaRL! !
rom 0 or ﬁg?ggﬂguﬁ} hd U igxthgﬁalEgrm?fgkﬁgﬁgTi%?xture to

anm dosul foni c %ciamé uric acl to eac

Z ge pH of 4-6, he%?fasﬂhe p&PetdrialdehydeTor! Hhe Biké, t Qe sHlFit eOMmakr OM
to 60[err]C for rom 50 to 300" m nutes, inmmediately adjusting the
pHto 11.5-13.5 be sodpdmcoolfity, lammbndumgsadfiiteyl sadiate bisulfiitieng 25
nmel am ne-f or mal dehyde condensate sol ution obtained b
‘ammonium bisulfite, sodium pyrosulfife or the like. The
pH adjustment is effected with an alkaline substance such
10 as caustic soda. The molecular weight of the sulfonated
amino resin is preferably from 2,000 to 200,000, though
it is not particularly restricted.
As the amino group-containing substance to be used
for the first aspect of the present invention, melamine
15 may be used solely, or a mixture of melamine with urea, a
guanamine, dicyandiamide, an amine, an acid amide,
phenol, resorcin and the like may be used. It is
particularly preferred to use melamine (C3B¢Ng) solely.
Usual commercially available powdery melamine may be
20 used. '

The process for producing the product obtained by
reacting a sulfonated amino resin and an amino group-
containing substance according to the first aspect of the
present invention comprises mixing an aqueous sulfonated

25 amino resin solution and the amino group-containing

substance in a solid content weight ratio of from 1:0.05

to 1:3, and heating the resulting mixture at a



this method may be used for the first aspect of the pr esent

insention. In this nethod,_the am no group- ..__ WD 96/ 34027 .
PCT/ JP96/ 01043 - 9 - cont ai ni ng
substance conposed mainly of melamne is mel am ne al one or a m xture
of el ami ne with at nost 20 wt % based on the nel am ne,_of I NO
conpound suchWR9%B402T ;o5 3 guanani ne, di cyandi anmi de, an &M 'qg%ﬁﬂaci d
5 ami de, phenol and resorcin. The formal dehyde is formalin,

par af or mal dehyde or the like. The sulfite vepp - be sodium sul fite,
ammoni um sul fite, sodiumbisulfite, ammoni um bi sul fite, sodi um

| fit t he, L] dj | spefdfiagt '
pyrosul fite or eté#ﬁ,aeﬁoxee of froR5@dtySiswsd. | S LIdRG Qo%&?hf@t(xﬁ he

al kal i ne substance s as caustic soda. The nolecular weig

sul f onat ed admivo 'froup-icontathengbsybs tanee Mi30 Heo mdREA0ROLHt HPUGh
it is not particularly restricted. As the am no group-containing
subst ance to be usagheous sulfionatedf amino apesin sgdluttionpbefone heakimgon,

melam ne 15 may be used solely, or a mxture of nelamne with urea,, a
guanam ne, di cyand®aradfed &o aPre-heated; 2augaus. sulfonatgd.pmino (g&%IR| n

ol ari ne. (L er ) HART B | Rrosrdry, 8 TR Rt SeRaBengRr 100 F tha
Bfgﬁﬁg%’ gg't Zimngg br%ﬁﬂﬁlat%% ati%8 resin, it is!‘PreFe2r®aStbOhi P Ol Gdihd Ne

group-containing substance with an aqueous sulfonated
amino resin solution before heating. Upon heating at the
above-mentioned temperature, the methylol or sulfonic

10 acid groups in the sulfonated amino resin and the amino
groups in ‘the amino group-containing substance undergo
condensation by dehydration to give a condensation
product. The condensation is promoted by addition of a
catalyst, for example, a minéral acid such as sulfuric

15 acid or hydrochloric acid, or an organic acid such as
sulfamic acid, formic acid, or acetic acid. 1It is
preferred to add a catalyst so that the pH of the aqueous -
solution containing the sulfonated amino resin and the
amino group-containing substance is from 5 to 10. sincé

20 a sulfonated amino resin usually contains an alkali salt
of sulfuric or sulfamic acid, the pH may be adjusted to
5-10 by removing the alkali by cation exchange.

According to the first aspect of the present

invention, the mixture of an agqueous sulfonated amino

25 1zresin solution with an amino group-containing substance
may be heated at a temperature of from 50 to 150°C for 5

to 6 hours after addition of a catalyst such as sulfuric



reacting a sulfonated am no resin and an am no group- cont ai ni ng
substance according to the first aspect of the——— presest—nvention—
conprlses m Xi ng an aqueous sulfonated 25 amno resin solution and the

am no group-contai ni ng substance in a solid content weight ratio of
from 1: 0. 05 to 1:3, and heating the resulting m xture

VO 96/ 34027 WO 96134027 PeT] 3P0/ ofgibese10ds

- 10 - tenperature of from50 to 150[err]C. In this process, the

am no group-containing substance may be mxad with an aqueous

sul fonated am no resin solution before heating, or added to a
pre-heated aqueousy *&f%%eaﬂ}sgabifﬁaa by &ﬂuﬁﬂ@wﬂta Rader be prevent
sel f-condensati on of the onated am™o resin, is preferred to

m x the am no adfiGP a0 AlRENEAG substance. wnhmaaquemys ghef nietece
am no resin solution before heating. Upon heating at the

above- nent i oned tmﬁaarataqugomshsuhﬁomteﬁ aming | resdinc so}gtzaol Ulghoﬂ@s in
the sul fonated am no resin and the, am

gr oup- cont ai ni ng §ﬂ%§¥hﬁﬂ@“@ﬁ&9ﬂ§61nln9 QP%EH%%?%@W bg Béﬁ}ﬂ?é??ﬁh}¥o gi ve
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heated for 5 to 6 hoqrs and stabilized by diluting with
water or by adding of an alkaline substance.
The product obtained by reacting a sulfonated amino
10 resin and an amino group-containing substance according
to the first aspect of the present invention contains the
sulfonated amino resin and the amino group-containing
substance in a weight ratio of from 1:0.05 to 1:3. The
weight ratio in the product can be measured by elemental
15 analysis. If the sulfonated amino resin and the amino
group-containing substance are reacted in a weight ratio
larger than 1:3, unfavorable precipitation of the excess
amino group-containing substance 6ccurs, although the
desired product is produced. It is also unfavorable to
20 react them in a weight ratio less than 0.05, because the
desired product is produced only in a small amount. 1In
the production of the product obtained by reacting a
sulfonated amino resin and an amino group-containing
substance according to the first aspect of the present
25 invention, the mixture of an agqueous sulfonated amino
resin solution with an amino group-containing substance

has a concentration of from 1 to 50 wts. It is



preferred to add a catal yst so that the pH of the aqueous sol ution
containing the sulfonated amno resin and the . am-no_gr oup- containi ng
substance is from5 to 10. Since 20 a sulfonated am no resin usually
contains an alkali salt of sulfuric or sulfamc acid, the pH may be
adj‘usted to 5-10 by renoving the alkali by cation excha

Accordi ng to WR&6BHRLt sspect of the present i nvention, g?ﬁt?’ﬁ@%re of

an aqueous sulfonated amino 25 resin solution with an am no
gr oup- cont ai ni ng subst ance may be heaterbat a tenperature of from 50
to 150[err]C for 5 to 6 hours after addition of a catal yst such as

sul furic YReQPLP4PYd that the concentration is less than 1 wt :
PCT/ JP96/ 01043 - 11 - agid, ana'then

stabilized by dil ubeBgusétsuemtzzniow concentratioy resulldealinne eaduletionCces
Alternatively, the m xture of an aqueous sul fonated am no resin
solution with an produatdivityw odpconeentnabion ubigher &hany Sfewty is also
prelimnarily 5 heated to atemmrﬂur&offrom50to]§0euﬂctmfme.

addi tion of a cataFygﬁv%{E##%ﬁPQSﬂﬂfﬁrFE?aE*ﬂ?°%ﬁﬁVt?ﬁﬂ¥he mixthss 48 FOP 5
05100 an 2 SR A A e c B S 2508 26, 2

al kal i ne subst ahce" réacting a su

fhe first aspect of thor bele gt BeRpRLaLaLots S PRI 2Lh P t0eq
anmino resin and thgsewe ndufing! [Fotmatabni 6f the condensation product from

the mixture of an agqueous sulfonated amino resin solution
with an amino group—containing substance. 1In the case of

10 the reaction at a temperature higher than the boiling
point of the aqueous medium, an autoclave may be used.
Reaction temperature lower than 50°C is unfavorable
because the product is not formed enough. At a reaction
temperature of higher than 150°C, the reaction is

15 difficult to control though the product can be formed.
Therefore, such a high reaction temperature is
unfavorable. Particularly preferred reaction temperature
is from 60 to 100°C. The reaction time for formation of
the product is from 10 minutes to 20 hours, though it

20 depends on the reaction temperature. If the reaction
time is less than 10 minutes, the product can not be
formed in a sufficient amount. The reaction may be
terminated in 20 hours, and a reaction time longer than
that is not.econcmical.

25 According to the first aspect of the present
invention, after the mixture of an aqueous sulfonated

amino resin solution with an amino group-containing



substance in a weight ratio of from1:0.05 to 1:3. The wei ght ratio
I n.the product can_be neasured by elenmental __15 analysis. If the —
sul fonated am no resin and the am no group-cont ai ni ng substance are
reacted in a weight ratio | arger than 1:3, unfavorable precipitation

of the excess am no group-containi ng substance occurs,réhppgﬁﬂaﬂthe
desired proddwp9ﬂ§w5?oduced. It is also unfavorable to 20 reacC emin a

wei ght ratio | ess than 0.05, because the desired product is produced
only in a small amount. In t he produetin- of the product obtained by
reacting a sul fonated am no resin and an am no group-contai ni ng

substance accor di ng,ioeddce i HeateBCat BiohNSoRE BESNIS50ED, IAnGRNerOBatERe
m xture of an aqueous sul fonated am no resin solution with an am no

group-cont ai ni ng seP st CGigueous shdfonatedcaminatresinisdiutbch be fhewt %

It is WO 96/ 34027
PCT/ JP96/ 01043 amino group-containing substance may be addeghtovshebl e

that the concentratjon is less  than 1 wt % ause, such a_l ow
concentration resdi%tyre cantadnindothe Pr°d$ﬁ§ﬂhé;ﬁiﬂqﬁﬂ %ﬂ'gﬁﬁEéﬁgrﬁFion
hi gher than 50 wt % | opUNfavorabl e because the viscosity of the
mxture i s too3 %écﬁ?g%i%ﬂ]é'sgoﬁéentration Is preferably from5 to 20 wt %

The reaction tenperat %ﬁeiﬁrd&ﬁtebﬁhhinéé%%éaiihneg a s%i%g][cbﬁ giihgY

formati on of the condensation product from m xture an aqueous

sul fonated am no reedin srditan0oamino group-containing substance according

to the first aspect of the present invention is basically
a particulate colloidal substance. Therefore, the

10 solution of the product obtained the process according to
the first ‘aspect of the present invention is a colloidal
solution (sol). The primary particle diameter of the
colloidal particulate product is from 1 to 100 nm. Since
the product is present in the solution as discrete

15 particles or as aggregated particles, the colloigdal
solution of the product may be a transparent colorless
solution or a transparent solution tinged with a
colloidal color. According to the first aspect of the
present invention, the product obtained by reacting an

20 sulfonated amino resin and an amino group—-containing
substance is obtained in a sol as particles having a
primary diameter of from 1 to 100 nm dispersed in a
liquid medium. The liquid medium is preferably an
aqueous medium. The primary particle diameter means, not

25 & diameter of aggregates of the particles, but a diameter
of discrete particles, and is measured visually by using

an electron microscope. When primary particles gather



wi th an am no group-containing substance. In the case of 10 the reaction

at a tenperature higher_than the ‘boiling_—. poi nt—of t he aqueaus_nedi um
- an autocl ave may be used. Reaction tenperature |ower than 50[err]Cis
unf avor abl e because the product is not fornmed enough. At a reaction
t enperature of higher than 150[err]C, the reaction is 15 diffj 0
control thougﬁv??é‘??r’oduct can be for ned. Ther ef or e, sd%‘tr#wgﬁ
reaction tenperature is unfavorable. Particularly preferred reaction
tenperature is from60 to 100[err]C. diws reaction tine for formation
of the product is from10 mnutes to 20 hours, though it 20 depends

on the reaction tenpghethés, addregatesCack Bormed. THdpartildesaibast
m nut es, the product Can not be formed in a sufficient anount. The

reacti on nmay be of tke "Aqiesyhties Z@nhbarmeasined hyeac dynamiicnightger
t han that is not economical. 25 According to the first aspect
of the present scateming metiode byt H8ing @R rimstrumentqsuehsasulN§onat ed

am no resin solution mﬁ%h an 1. NO grgug-contahnin VE)gG[ 4027
PCT/ JP96/ 01043 manufactured by Coulter Inc. in¥.S.A. Thg goliqidal
heated at from S0[eLr] G {8 IR0 plr la?gdﬂ@?tﬂﬂ PUiosity off FEB& FogIeqy!s
sul fonat ed ani n@ redPn  sol ut1on or e ani no groug;con arning
substance may be adflgfied mBA\Y at a cBhebiELaEiBH JENLOIwitRCaREOGHEbrgoes

foll owed by heating at
gelation, which is peculiar to a colloidal solution.
The colloid of the product is basically amphoteric,
having a negative charge attributable to the sulfonic
10 acid groups and cationic sites attributable to the amino
groups. The zeta potential of the colloid is from 0 to
-60 mv.
According to the first aspect of the present
invention, the pH of the solition of the product may be
15 adjusted to 7-12 with an alkali metal hydroxide, sodium
aluminate, sodium silicate, ammonia, an amine and the
like. Since the free formaldehyde in the starting
aqueous sulfonated amino resin solution reacts with an
amino group—-containing substance upon heating during the
20 reaction to form an amino resin, the resulting solution
of the product virtually contains no free formaldehyde.
The solution of the product obtained by reacting a
sulfonated amino resin and an amino group-containing
substance acéording to the first aspect of the present
25 invention may be concentrated by evaporation,
ultrafiltration or the like. Ultrafiltration can achieve

removal of salts such as sodium sulfate in the solution



5 from50 to 150[err] C ' The product obtained by reacting a

su] fonat ed am no resin and anamno group-contai ni hg—substanee——
accordi ng to the first aspect of the present invention is basically
a particulate colloidal substance. Therefore, the 10 solution of the
product obtained the process according to the first aspeg e
present i nveNQWPNX 3 col | oi dal solution (sol). The pri n%??ﬁlggt icle
di aneter of the col |l oidal particulate product is from1l to 100 nm

Si nce the product is present in the=-sabution as discrete 15
particles or as aggregated particles, the coll oi dal solution of the
product may be a tsfﬁiﬁ-il%%h%aﬁsﬁ?!.Ori'ﬁéssolut:.orﬁ(ﬁayt beNcehvarteanspesd catdry
solution tinged wt | oi dal color. According to the first aspect
of the presgmmaeﬁvbythSnstbe P rsptayt dﬂyaiunaddbymréagerngrahhe20

sul fonated am no resin and an am no_group-cont ai ni ng bstance is
obtained in a soIléseparﬂheléSYhaﬂv¢gFeﬁOfms apFP%&PydEFaﬁﬁ%BFlﬁﬁ {3k Pfo

100 nm di spersed in a The Li nme refer

an aqueous nﬁir&h"l‘?ﬁe° r%r@"ﬂi}ﬁ? &"e"&ltg g?"ng erﬁ%‘? “}5“38&61”&/

di anet er of aggre%%é'iuof the particles, but a dianeter of discrete
i's Ey

particles, andi red visually by using an el ectron m croscope.

Wien primary particl eg03elietal, an aque¥ddFuitodated amino resin
PCT/ JP96/ 01043

solution is stabilized with caustic soda. According to
the first aspect of the present invention the solution of
the product obtained by reacting a sulfonated amino resin

10 and an amino group-containing substance is stabilized
with caustic soda. The solution of the above product maﬁ
be stabilized with ammonia, an amine or calcium by
passing the solution through a column packed with a
cationic ion exchange resin Having been exchanged by a

15 cation such as ammonium ion, an amine or calcium. The
solution of the product according to the first aspect of
the present invention may be mixed with a surfactant such
as a naphthalenesulfonate, lignin sulfonate or an
alkylbenzenesulfonate, an anionic polymer such as a

20 silica sol, bentonite or an anionic polyacrylamide or a
water-soluble polymer such as polyvinyl alcohol,
hydroxyethyl cellulose or carboxymethyl cellulose.
| The sulfonated amino resin is a two-dimensional
condensate usually having an average molecular weight of

25 from 2,000 to 200,000, has negatively charged due to
sulfonic acid groups, and usually available in an agqueous

colorless transparent polymer solution. When an amino



- 14 - t oget her, aggregates are forned. The particle dianeter

of .t he aggregates can_be neasured by a dynamic light- scattering.
nmet hod by using an instrunment such as Nerr], manuf act ured by
Coulter Inc. in U S A The colloidal 5 solution of the product has a
viscosity of from1.5 to 10000 nPaferr]S at a concentr, 10

wt % and underW’ gel ation, which is peculiar to a colr?%%{“%‘s

sol uti on. The colloid of the product is basically anphoteric,
having a negative charge attributable to theyjgulfonic 10 acid groups and
cationic sites attributable to the am no groups. The zeta potenti al

of the colloid is g&%ﬁbgcbﬂtalnzn -SbdPhnce with md L EH s G NG Fi st

a
aspect of the pres I nvehtion, the pH of t%e solutTon of %t he

product may be  l1gated] 8&tR0as netaldind tils aadéhkﬂtbte nedaal dBAdIANiYe in

sodi um alum nater sodiumsilicate, ammonia, an anmi ne and the
like. Since the freateer tel drhygirecus tsodustient ofigthe sulfonated aminbonat ed
am no resin solution reacts with an am no group-contai ni ng substance

upon heating duringesia fodbowed kst heatisgs oBWFRRLSHATAY r @diln thenamino
¥g$ﬁ;}hggyzg!HtéOn9r°“p'?ﬁ5t%{#{ﬁgf§$$§%a¥hét 5%%%@£%%$ﬁp (r%’%bffB eacting a
according to the 1 PrepiBlladd Gl RpUOUBRTERL® e Lo not” WiRAETRES
concentrated by evapayaihOBerms of ddsb&@%hbhréi €Hb<§b§ﬂﬁidé1becharged
Utrafiltration can achi eve renoval of salts such as sodiumsulfate
in the solution amino group-containing substance on the surfaces of the
negatively charged sulfonated amino resin. This should
10 be interpreted as the result of the depolymerization of
the sulfonated amino resin upon heating in the presence
of the amino group-containing substance and subsequent
formation of the reaction product of the sulfonated amino
resin and the amino group-containing substance through
15 reaction between the depolymerization product and the
amino group-containing substance. Namely, it is
estimated that methylol groups (-CH,0H) or sulfonic acid
groups (-S04H) in the sulfonated amino resin and amino
groups (-NH,) in the amino group-containing substance
20 undergo dehydration to form chemical bonds. An amino
group-containing substance having at least two amino
groups and a sulfonated amino resin form a three-
dimensional reaction product. Therefore, the product is
basically colloidal particulate products, and a solution
25 of the product according to the first aspect of the
present invention is a colloidal solution {sol).

The cellulose fibers {(A) to be used for the second
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- 15 - simul taneously. The solution may—-be—converted i nte—a-dry
powder by nmeans of a spray dryer, a drumdryer or the | i ke. The dry
powder forms a colloidal solution (sol) of particles of the product

I n= wat er when di spersed in water 5 agai n. In g s
aqueous sul f WP6BM221i no resin solution is stabilized wth caustic
soda. According to the first aspect of the present invention the

sol ution of t he product obtai ned by-rgacting a sulfonated am no resin
10 and an am no group-containing substance is stabilized W th caustic
soda. The SO'UF'0QS?ECEhsfaeﬂ%sbfgégﬂgﬂiﬂvﬁhtion ar&Cobtaphéaza9¢l W th
anmoni a, an am ne of cal cium passi ng the solution through a colum
‘packed with a mecBahiesl Coi WhemidlN 3 eatment has i vegdeablexkimerged by a
15 cation such as ammoni umion, an ami ne or calcium The sol uti on of
the product accor gougces.t hRulp ris aadasst off cellulose cf hers feraratind o

n
may be m xed with _a surfactant such as a,napht hg] enesul fonate, ljgnin
sul fonate or an £rom XFE?FMW%%,a“aﬁmé%%ﬁ"fﬁ“p%l%%&&d#eéis a
20 silica sol,_bentonite or_.an ani gl '

wat er - sol ubl e §)0I ﬁ'ﬁrPsBEﬁ lgulﬁ)'l y%mr?&gog':%gﬁéﬁé@%gélsyg’rso%g/ett%ﬁake .
cell ul ose or car b%ggg%ﬁ&h &6\ dd8@PSVheat, straw, |ESmmoh frewd ekeidgo resin

s a two-di nensio condensat e usual ly having an average nol ecul ar
wei ght of bagasse, bamboo and bamboo plant, wood is most widely

used. Pulp is classified as chemical pulp, mechanical
pulp, thermomechanical pulp and the like, according to
10 the pulping process, namely the process of separating
cellulose ‘fibers from fiber sources, and any pulp may be
used. Pulp made by treatment with chemicals is called
chemical pulp. Mechanical pulp is made by beating raw
materials by means of a beater and is represented by
15 ground wood pulp. Thermomechanical pulp is made by heat
treatment and mechanical grinding. According to the
- second aspect of the present invention, part of these
fresh pulps may be replaced by waste paper.
As the inorganic filler material (B) used for the
20 second aspect of the present invention, usual filler
materials for paper which have negatively charged
particle surfaces in an aqueous papermaking stock, such
as kaolin clay, clay, titanium oxide, anionic heavy
calcium carbonate, precipitated calcium carbonate,
25 calcined clay, wollastonite, synthetic silica, talec,
aluminum hydroxide, mineral fibers, glass fibers and

perlite, may be used solely or in combination. The



25 from 2,000 to 200,000, has negatively charged due to sul fonic

aci.d groups, and usually available in an aqueaus col orl ess
transparent polymer solution. When an am no WO 96/ 34027

PCT/ JP96/ 01043 - 16 - gr oup- cont ai ni ng
substance with a small solubility in wat er such as nel gm ' dded
nore than solﬂﬁ?*$¥§"in wat er to an aqueous sol ution O?%#ﬁgmkﬁug
sul f onat ed am no resin followed by heating, surprisingly, all the

am no 5 group-contai ni ng substance di sselMes- and does not

preci pitate even upon cooling. This is not expl ai ned only in terns of

adsorption of the gtgﬁgéj,ﬁ{&wim 64 onic fiﬁﬂﬁ%ﬁf%{gg | ReNgssybpt ance

on the surfaces of negatively charged “sul mno resin

This should 10 bgehbifi®ich afitds dationteutileiun hearisplteror Eabi Dikdf
the sul fonated am no resin upon heating in the presence of the am no
gr oup- cont ai ni ng subst Rne caguebus ipaperaaking stodhrysad domfthehseceadt i on
product of the sulfonated am n in and the anjno grqQup-containing

substance through ageeck &E;ﬁ&?ﬁ%@ﬁﬁ&éaggﬁﬁ“ﬂ’eﬂfblmi%ﬂ%ﬁ*ﬁ%‘oﬁﬁc‘_ﬁh%md
that methyl o | df oUESLRS RS Htee SRS g P diose ibers, (o) (S
o oo oup. oty SREREE A AR () Ui M RBLLR L1
. amount of the inorganic filler material (B) is not
particularly restricted, it is preferable to add the
inorganic filler material (B) to an aqueous papermaking
10 stock so that the finished paper contains at most 150 wt$
of the inorganic filler material (B), based on the
cellulose fibers. A still larger amount of the inorganic
filler material (B) may be added. The aqueous
papermaking. stock may contairn sizing chemicals, fixers,
15 antifoamers, slime control agents, dyes and other
additives, so long as the object of the second aspect of
the present invention can be achieved. The papermaking
stock has a pH of from 4 to 10, preferably from 4 to 5.5
when used for the acid papermaking method, and from 5.5
20 to 10 when used for the neutral papermaking method.
The polymer (C) used for the second aspect of the
present invention is preferably cationic or amphoteric.
Cationic polymer means a polymer having cationic groups
in its molecules. Amphoteric polymer means a polymer
25 having both positive and negative groups on its chain.
In amphoteric polymers, either positive (cationic) groups

or negative (anionic) groups usually function dominantly.



20 undergo dehydration to form chem cal bonds. An am no

group-contai ni ng substance having_at |east twoam-no gr oups—att—ea—
sul'fonated am no resin forma three- di mensi onal reaction product.
Therefore, the product S basically colloidal particul ate products,
and a sol ution of the product according to the first a e
present inveW¥ QW‘P% a colloidal solution (sol). mﬁlﬁse
fibers (A) to be used for the second WO 96/ 34027 _

PCT/ JP96/ 01043 -19 - 17 - aspect of the

pr esent invention are obtained by mechani cal or chem cal treatnent of

veget abl e fi ber

from veget abl e source

paper maki ng. Andrgrefaciliy € Qespett USE dfimc tidre.
nmmon reed, kenaf, bagasse, banboo and banboo pl ant,

wheat, straw, co
wood is nost wi deised as campshenkul(f)i tncludeid icatipnichoni emphetepic
mechani ca

t he pul pi ng proce%%BfQRNHQ3F%q%QnﬁF09§sSmEH°EEﬁkﬁwﬂﬂ¥¥§°rYlamlééIIulose
fibers fromfiber and an p.Ie ed Pul p made by
treatment witlP ch%?ﬁ C"'s"f%' @al‘?&%ogg or %"@lh“aqriﬁuﬂlsl rl\/@(‘fﬂangc pulp is

made by beating

by

15 ground wo

10

15

20

25

i'nt érmedi at e product use

pul p, thernonechani cal pulp and the like, according to

S |dds | bgr s separated
ampsHBY F:efcan ek SyotHBest dnfeld dxmct ?ﬁ
Polynitlspwhileh mayVbed,

10

et SOy sispesbshtne

nonech
a polyamide-polyamine—~epichlorohydrin resin. These

polymers may be used alone or as a combination of
cationic ones, of amphoteric ones or of a cationic one
and an amphoteric one. Preferable polymers used as
component ‘(C) are a cationic or amphoteric starch, a
cationic or amphoteric polyacrylamide derivative and a
mixture thereof. Particularly preferred are a cationic
starch and a cationic polyacrylamide derivative.

A cationic starch, which may be used as component
(C), is obtained by cationizing raw materials such as
potato starch, corn starch, wheat starch, tapioca starch
and an oxidized or hydrolyzed starch prepared therefrom,.

with a cationizing agent, by a wet method, a dry method,

. an organic solvent method or the like. As a cationizing

agent, a quaternary ammonium chloride, a quaternary
ammonium sulfate, a quaternary ammonium sulfamate and the
like may be mentioned. As the quaternary ammonium group,
3-chloro-2-hydroxypropyl-trimethylammonium group and 2,3-
epoxypropyl-trimethylammonium group ﬁay, for example, be
mentioned. The degree of cationization of starch with a

cationizing agent is represented by a degree of



treatment and mechani cal grinding. According to the second aspect of

the present invention, part of these fr esh—puwps—ay be reptaced by
wast e paper. As the inorganic filler material (B) used for the
20 second aspect of the present invention, usual filler materi al s

f or paper which have negatively charged particle surf |

agueous paper ﬂﬂﬁﬂtktock, such as kaolin clay, clay,%ﬁﬁig%@ﬁ@?%xide,
ani oni ¢ heavy cal cium carbonate, precipitated cal cium carbonate, 25
cal cined clay, wollastonite, synthetic siki@a, ~talc, al um num

hydr oxi de, mneral fibers, glass fibers and perlite, may be used

solely or in conbi ' £. The degrde oF 34B3¢ituti is defined as
PCT/ JP96/ 01043 siBlsttutiB ¢ cegr SEg TIOR8 Sove-ment foned

anionic filler parphigChamb@Ryobequitstnary ammondambgreaps nintiddused edac
cal cium carbonate or the |ike. The aqueous paper naki ng stock used
for the second ethezspontis oper leneggdncose nadht fonthe statalper Sasdophct he

AR R SN CRINTOE UK RO D LT
Lt TR (B) b ore peabty, e, Bor e ShASAS bl BETSRRET o0
B e R e
- starches may1be used. These cationic starches may be
aniodized by introducing functional groups such as
carboxymethyl, sulfonic acid or phosphonic acid groups to
10 the quaternary amines to form amphoteric starches.
Cationic or amphoterié polyacrylamide derivatives
used as component (C) are obtained by cationizing a
conventionally polymerized water-soluble polymer through
a Mannich or Hofmann reaction of the amide groups
15 (-CONH,), by anionizing such a water-soluble polymer
through partial hydrolytié carboxylation or
sulfomethylation of the amide groups, by copolymerizing
of sodium vinylsulfonate or acrylic acid with acrylamide
to form an anionic poiyacrylamide derivative, by
20 copolymerizing a cationic monomer having a secondary,
tertiary or guaternary amind groups such as
dimethylaminoethyl methacrylate with acrylamide to form a
cationic polyacrylamide, by cationizing the above-
mentioned water-soluble polymer through a commonly known
25 method, or by combinations thereof. The degree of
substitution of the cationic group is at least 0.0},

preferably at least 0.03, more preferably from 0.05 to



cellulose fibers. Astill larger anount of the inorganic filler

material (B) nmay be added. The aqueous paper maki ng _st.ock may—contain
sizi ng ‘chem cal s, "Tixers, 15 antifoaners, sline control agents, dyes and
ot her additives, so long as the object of the second aspect of

the present invention can be achieved. The paper naki ng stock has a pH
of from4 toWmeM2ferably from4 to 5.5 when used f

paper maki ng nethod, and from5.5 20 to 10 when used for the neutral

paper maki ng net hod. The polyner (@ used for the second aspect of

t he present invention is preferably cationic or anphoteric.

Cationic polymer neans_a pol yner havi ng cationi.G _qrQups in,its

mol ecul es. Amphot®ic F&; yﬁﬁﬁﬁgaﬁlgﬁl vé%ﬁ§£;kﬂ% ﬁbnﬁﬁfﬁubﬁgitiye_and
negative groups qpidry el most 2| B06TBOO! PrdEAUBIP at: mRfther positive
(cationic) groups or negative anlonlcﬁ groups usSually Functlon

donmi nantly. 1,500)00%G/ #b2é7preferably from 100,000 to 1,300,000,

PCT/ JP96/ 01043 - 19 - An anphoteric

pol ymer with cationi ;slcumpomenti $C), nopresky #blaatiioniss pacamphoteniei on.
Pol ymers whi ch may be used as conponent (C) include a cationic or
anmphoteric 5 starch andca: catienie empamphatericopPplyaFryianide 5

e A R Y PROLSE LS YLy Uit artc spar aum, o
polydimethylaminoethyl methacrylate, a polyethyleneimine
and a polyamide-polyamine-epichlorohydrin resin may be
used.

10 Guar gum is a galactomannan gum extracted from the
albumen of seeds of an annual ‘legume cyamopsis-
tetragonolobus grown.in India, Pakistan and Texas, U.S.A.
A guar gum molecule consists of a mannan main chain made
of D-mannopyranose units joiried by #(1+4) linkages, and a

15 monosaccharide, D-galactopyranose, attached to this main
chain by a-(1+6) linkages. Its cationic derivatives are
obtained by reaction of hydroxyl groups in the
polygalactomannan with a reactive gquaternary ammonium
compound. Such a cationic guar gum and an amphoteric

20 guar gum which has both cationic and anionic
characteristics are obtained by cationization or by
cationization and anionization, as described as for
starch. The degree of substitution is defined as the
proportion of the number of the quaternary ammonium

25 groups introduced in one guar gum molecule through
formation of ether bonds to the total number of the

mannose and galactose units in one guar gum molequle.



a pol yam de- pol yam ne-epi chl orohydrin resin. These pol ynmers may be
used al one or as a conbi nation of cationic ones, of anphoteric ones or
of Ta"catitonic one 10 and an anphoteric one. Preferable polyners used as
conponent (C) are a cationic or anphoteric starch, a cationic or
anphoteri c pol yacryl am de derivative and a m xture thereof.

Particul arly WOMB4R22d are a cationic starch and a cati BEFAP96/01043

pol yacryl am de derivative. 15 A cationic starch, which may be used as
conponent (C©, is obtained by cationi;igg raw materials such as

potato starch, corn starch, wheat starch, taproca starch and an

oxi di zed or hydrol yzed _starch prepared therefr.o .Wilh a catiqnizing
agent, by a wet ne d,deﬁrﬁ?fﬁﬁ ,1t"‘2{;°§n°8rg%ﬁi‘éa§ RN 9T AR d S0P tt he

like. As a cationizlgy o OJrf‘gf{géfea&qtﬁi;ftf%ﬂaBYoé”@@%m Chx%hger inﬂﬁ’ecﬁéafh o

quat ernary amvoni um Su ernary ammoni um sulTanmate an
like may be menti ogedghfSof hendélUpia bam) taNBRNhsEa P Urom 100,000 to
3-chl oro- 2- hydr oxypropyl -t ri met hyl ammoni um group and 2, 3- 25

epoxypropyl -tri met by 0eopood ynpieferablyy £frbmr 2062000 eto [300,000.nent i oned.
The degree of cationization of starch with a cationi zing agent is
represented by : degred pélydimethylagingetbydomethacrylate has a cationic
PCT/ JP96/ 01043 _ .. . - éﬁ?- . substitution.
The degree of subsCPaheFEeristifpattsibytable to the haxkiaryr afincgFAvRs-

amoni um gr oups intrOdﬂcgglyééhyleneimine has {(-CH,CH,NH-) linkages in its

molecules and has a cationic characteristics attributable
to the secondary amino groups. A polyethyleneimine is

10 obtained by ring opening polymerization of ethyleneimine
or by polycondensation of ethylene chloride and .
ethylenediamine.

A polyamide-polyamine-epichlorohydrin resin (PPE) is
obtained, for example, by polycondensing adipic acid with

15 diethylenetriamine to form poljamide-polyamine chains
linked via acid amide bonds (-CONH-) and adding reaction
of the amino groups in the polyamide-polyamine
intermediate with epichlorohydrin followed by
dehydrochlorination. Such a polyamide-polyamine-

20 epichlorohydrin resin is a polyamide-polyamine having
glycidyl groups in its molecule. A polyamide-polyamine-
epichlorohydrin resin has cationic secondary and tertiary
amino groups in the molecules.

As a product obtained by reacting a sulfonated amino

25 resin and an amino group-containing substance, or
component (D), used for the second aspect of the present

invention, the product obtained by reacting a sulfonated



et her bonds per one glucose unit in the starch. Cationic starches
havi ng degrees of substitution of fraomO0.0l1to 5 0.05-are preferabty—dsed
for the second aspect of the present invention, and comrercially
avai l abl e cationic starches may be used. These cationic starches may
be- ani odi zed by introduci ng functional groups such as 1P96/0

car boxynet hymog‘ngni c acid or phosphonic acid groups to 1¥)crlth 1043
guaternary am nes to form anphoteric starches. Cationic or

anphot eri c pol yacryl am de derivatives -~ 28sed as conponent (C) are
obt ai ned by cationizing a conventional ly polynerized water-sol uble
pol ymer through ,p5ne2 | £ha Odn HAL IRy HRBCLbARARhihBCs @B f4nck QUPS 15
(-CONH err]), by_&ﬁ?gﬁiEP%gﬂsﬁgﬂ %Pmater-gbfhgle pofymlerB s tﬁ?ough _
partial hydrol yti qe3ghboxxtedi 6 SFom 1:0.05UltboneBhutabraingf té heherfidat
groups, by copol ynerizi ng of sodiumvinylsul fonate or acrylic acid
with acryl am de aspectoof othe opresenhiinvenitioor pagnbedecugedi vati ve, by 20
copol ynmeri zing a cationic nonomer having a secondary, tertiary or
quaternary ami no groups ShenhpapermakingDRAGepSAFRBERADE KRt RBR$8¢AM with
acrylamde to forma cationic polyacrylam de. by catiponizing the
above- néntFﬁﬁ@&tmﬁfergoP{ﬁﬁiﬁﬁxﬁ IPﬁ(ohﬂBrévﬁ%ﬁﬂgn*? known 25
et hod, or by coniy ' t i asSipstodeidrn 3@f the
cationic group ig@aeiﬁ}ﬂe:gé?,o&gﬁ?ﬂge "‘mg e engrgig ?’éas%m%. 03, m)re1

preferably from 0gQ%ehgth of a papil? HHe#t)2Eormation and quality of a
PCT/ JP96/ 01043

paper sheet can be achieved by adding a cationic or
amphoteric polymer (C) and a product (D) obtained by

10 reacting a sulfonated amino resin and an amino group-
containing substance to a papermaking stock in a specific
ratio. To an aqueous papermaking stock, component (C)
and component (D) may be added in the form of sclid or
aqueous solution. 1In the case of agqueous solution, there

15 is no particular restriction on the concentration.

To achieve improvement in retention, the amount of
component (D) is at most 100 wty, preferably from 1 to 50
wt$, based on the cationic or anionic polymer (C). The
solid amount of compoﬁent (D) is from 0.01 to 2.0 wt% in

20 relation the solid amount of éellulose fibers, or the
total solid amount of cellulose fibers and an inorganic
filler material in an aqueous papermaking stock. The
solid amount of component (C) is from 0.0l to 5.0 wts in
relation to the solid amount of cellulose fibers, or the

25 total solid amount of cellulose fibers and an inorganic
filler material in an aqueous papermaking stock.

In the process according to the second aspect of the



- 21 - 0.5. The polyacrylam de derivative has a nol ecul ar wei ght
of -at nmost. 2,000, 000, —preferably at nost 1,500, 000, nore preferably
from 100, 000 to 1, 300, 000. As component (C), not only a cationic
or anphoteric 5 starch and a cationic or anphoteric polyacryl am de
deriivatives, a cationic or anphoteric guar gum a :

pol ydi net hyl am%éf??yl net hacryl ate, a pol yet hyl enei m ne PCT/IEP6p1043

pol yam de- pol yam ne- epi chl orohydrin resin nay be used. 10 Guar
gumis a gal actomannan gum extracted from jpe. al burren of seeds of an
annual | egune cyanopsi s- t et ragonol obus grown in India, Pakistan and

T , U S A A | | ' i i n.chai d
of B rrannopyr anoBE BRI s PEFRL{PR Glefef ther pRsfonfs Bh bnRalE" "
nmonosacchari de, P?% &6t PRy 'S ASfe pRblaehep) Cobtl Snd@idy reac%E?'”aby

[err]-(1[err]6) ages. Its cationic derivatives are I ned by
reaction of hydrgyyFofaee@saning tesin anfoayoahiws QEsUptontalindngeacti ve
guat er nary anmoni um conmpound. Such a cationic guar gum and an

anphoteric 20 gubstancesaybehaddedt hocani agweoushPapermaking stock

characteristics are obtained by cationization or b cationi zation and
ani oni zat i on, 5 ase@8&3ier pedARRtReS; °at1°néFaFEh5tal’Fﬁ§§j@Q’Fé’ea§f aguBiupini on

5 e o Rt RS ROt AESUTE ol MSBROBRL P
ether bonds to tReuhPheh SWIEMYe @hal BEsic aldMias S ATAtEANAG! BECadBedS | N
one guar gum nol ecul e.
to an aqueous papermaking stock at the same time as the
cationic or amphoteric polymer (C), so long as the object

10 of the second aspect of the present invention can be
achieved.

According to the second aspect of the present
invention, after addition of the cationic or amphoteric
polymer (C) and the product (D) obtained by reacting a

15 sulfonated amino resin and an amino'group-containing
substance, an agqueous papermaking stock is mixed enough
and supplied to a papermaking machine in a usual way, and
the resulting wet sheet is passed through the dehydration
step and the drying step to form a finished paper.

20 In an agueous papermaking stock, since negatively
charged cellulose fibers and inorganic filler materials,
strongly adsorb a cationic or amphoteric polymer on their
surfaces, the cationic or amphoteric polymer forms flocks
together with the cellulose fibers and the inorganic

25 filler and hence improves drainage and retention during

sheeting and strength and formation of the finished

paper, even in the absence of anions. However, because
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- 22 - The degree_of substitution of the-cationic groups—s—at——

| éast 0. 01, preferably from0.08 to 0.5. The nol ecul ar wei ght of the
guar gumto be used is from 100,000 to 1, 000, 000, preferably from
200, 000 to 300, 000. 5 A polydlnethylan1noethyl et hageyibiods 2
cationic Wom%'!cterlstlc attributable to the tertiary amno groups.

A pol yethyl eneim ne has (-CHerr]CHerr]NH) linkages in its

nol ecul es and has a cationic characterisjiégs_attributable to the

sécondary am no groups. A polyethyleneimne is 10 obtained by ring

openi ng pol ynerization of e | enei,m ne, or C nden |on of
et hyl ene chi ori deekintose f:ﬁ:@{: PAfBP shPpEganic 10 an:ena ave

pol yam de- pol ya%&%gﬁaﬁq . g@ﬁ%éncﬁg§?\§5 (fi)arde 1arge @PlAizeeds for

exanpl e, by pol ng a 15 dlethylenetrlan1ne to form

pol yani de- pol yanb&ﬁpﬁ&! Rfith the pblyferyisudiiflotisladwndak( and\agy and
addi ng reaction of the am no groups in the pol yam de-pol yam ne
internedi ate w t bocpreal doyo staong fnebhangelabysheanngjmcmndr gnati on.
Such a pol yam de-pol yam ne- 20 epichlorohydrin resin is

pol yami de- polsjanFﬂ'élqmiR Rplymer adppe; 45| nof piLective §"rﬁ5!9@cﬁl°em3\r°"e

POl Yo 0o POl VLo, SHAAHAE ROt adSStb R oot onic secondary and
obt ai ned by reaCt'”9m§-fﬁ5i6¥5ﬂd¥3135599 retention, productivity and
quality of a paper sheet, a dual polymer system is
employed. In the dual polymer system, both cationic and
10 anionic polymers are used, and by addition of an anionic
polymer having a large negative charge, flocks made by
the single action of a cationic polymer become much
stronger. The papermaking process according to the
second aspect of the present ‘invention is a kind of dual
15 polymer system, and is based on the same mechanism as a
usual dual polymer system.

However, the second aspect of the present'invention
is characterized in that a product (D) obtained by
reacting a sulfonated amino resin and an amino group-

20 containing substance is used as an anionic polymer.

Component (D) is a colloid having a primary particle
diameter of from 1 to 100 nm and an average particle
diameter of from 5 to 500 nm as measured by a dynamic
1ight-scattering method in solution. Although, component

25 (D) has a negative charge as a whole, it has an
amphoteric characte;istic with strong anion éites

attributable to sulfonic acid groups and weak cation



25 resin and an am no group-containing substance, or conmponent (D)
used for the second aspect of the present _ __invention, the

obt ai ned by reacting a sul f onated PCT/ JP96/ 01043 WO
96/ 34027 - 23 - am no resin and an

am no group-containi ng- substance in a wei ght ratio Ofrﬁééyﬂkhl 5to
1: 3 accordi nGV@86/34P%Y f i r st aspect of the present inve n-may be
used. I n the papermaki ng process according to the second 5
aspect of the present invention, inprovenggt.in retention, drainage
and productivity and inprovenent in strength of a paper sheet,

formation and quality of er..shee be ' b '
cationic or s kﬁ)"tte%bd’tﬁ&lfﬁgg %ﬁ%rﬁfoﬁ%ﬁodlﬁgw{%ﬁgbt% ne % a10
reacting a sul fonal &, 'mangggnbaeﬂ By g dc@Rulose £i6€FY Y NG

substance to a paper nmeki ng st In a specific rati o. To an aqueous
paper maki ng st 0CinoX i il let) materiahrahd Gyp@neat ipbjicney amplaskeadia n

the formof solid or aqueous solution. In the case of aqueous
sol ution, there pdfymer nanmshractsuhararskrons iflnecyd antec fosming $eronsh.
To achieve inprovenment in retention, the anou nppnent (.D) is

at nost 100 & %Elnaksaansistisg ofieektplose ryi\ﬂg%s l5§§édg8ﬁ tHF @t oni ¢
or janionic POl YNEL {Q maftiar (8)5Okhé GEHH: lorC AHBRBERE1E Bolfindy OM
(C) and the product (D) obtained by reacting sulfonated
amino resin and an amino group-containing substance.
Conventional anionic polymers never show such an

10 action. For example, conventional sulfonate-containing
melamine~formaldehyde condensates (SMF) are linear water-—
soluble polymers and dissolve in water. Unlike
conventional SMF, the product (D) obtained by reacting a
sulfonated amino resin and an amino group-containing.

15 substance used for the second aspect of the present
invention forms micro aggregates having a particle
diameter of a colloid level by virtue of the combination
of a sulfonated amino resin oligomer having negative
sites with an amino grohp-containing substance having

20 positive sites such as melamine. A solution of the
product (D) obtained by reacting a sulfonated amino resin
and an amino group-containing substance used for the
second aspect of the present invention is a stable
colloidal solution. When a solution of component (D) is

25 added to a pulp slurry containing cellulose fibers, an

inorganic filler material and an ionic polymer before

sheeting, component (D), which has both cation sites and



20 relation the solid amount of cellul ose fibers, or the total solid
ampunt of cellulose fibers and an inarganic filler mterialin an
aqueous papernaking stock. The solid anmobunt of conponent (C) is from
0.01 to 5.0 W% in relation to the solid amount of cellul ose fibers,
or *the 25t d anount of cellulose fibers and an ino

filler naterﬁ%& Pﬁagt aqueous paper naeki ng stock. ﬁgﬁﬁ§&$F8éess
according to the second aspect of the WO 96/ 34027

PCT/ JP96/ 01043 - 27 -- 24 - present

I nvention, either the cationic or anphoteric pol ymer (C) or the

product (D) -obt aLge 0y £EFIA% Aarce 3kt EFB" Sk AIRDD {544k ALE DT 1O

gr oup- cont ai ni ng ance nay 0 an aquebus paperna

stock 5 earli erioni\eowﬁpoﬁédﬁ&mrp t%%bﬂtﬁﬁcﬁfuﬁ#?fh:?& SHbwd T sol
basi ¢ alum num chloride, a cationic silica sol alun1nun1sulfate and

basi ¢ al um num spkhatkably tlocsdation abtmiap,aﬁpnming;ﬁnnmu!&klm@n@bock at
the sane tinme as the cationic or anphoteric polymer (C), so long as
the object 10 &t aatssas@Nn exneddenss r?henpasrets@ritdq n\Astgempared wéth

achi eved. Accor di tqQ t he second as ct he esent
inv;nrion, afiercaﬁHPFF{PﬁQ#]ﬁq%§QB§FFoﬁPBt6+ e 'l ﬂ%%@fﬁgﬂe(C3
and 1ne product ERhaRRLALAPhiedINAE' 1A0udted? co%ﬂém by T resin and

an am no group-contarn
colloidal state used for the second aspect of the present

invention, which renders flock formation easier, is
effective as an additive for papermaking.

10 Therefore, the papermaking process according to the
second aspect of the present invention which is
characterized by use of a cationic or amphoteric polymer,
is remarkably effective in a wide variety of papermaking
methods from the acid papermaking method to the neutral

15 papermaking method for improving retention, drainage,
productivity and quality of the finished paper such as
strength and formation.

BRIEF DESCRIPTION OF DRAWING

Figure 1 is a transmission electron micrograph of the
20 product obtained in Preparation Example 2 by reacting a
sulfonated amino resin and amino group-containing
substance. The magnification is 200,000.
BEST MODE FOR CARRYING OUT THE INVENTION

As products (D) obtained by reactipg a sulfonated
25 anmino resin and an émino group~containing substance,
products (Dl) to (D6) and (D'l) to (D'2) were prepared in
the following Preparation Examples (Dl1) to (D6) and



substance, an aqueous papermaki ng stock is m xed enough and supplied
to .a papernmaki ng machi ne-in a-usual way, and ——the.resulting-wet sheet

i s passed through the dehydration step and the drying step to forma
finished paper. 20 I n an aqueous papernaki ng stock, since negatively
char ged cel | ul bhers and inorganic filler materials,

adsorb a cati&ﬁ?ga%¢2§nphoteric pol ymer on their surface%?ﬁ#ﬁgghﬁ
cationic or anphoteric polynmer forns flocks together with the
cellulose fibers and the inorganic 25 f413ger and hence i nproves drai nage
and retention during sheeting and strength and formation of the
finished pa kN ' 27 Hoyever, ,because

VIO 96/ 34027 Redmpatétive pEEﬁa?BEE&&ezfgmﬁﬂﬂsoqgc+)J 6?81623

- 25 - cel | HrEraARATIONSERAMPER (DDy ganic filler material have

only small negative charges and are large in size as conpared with the
pol ymer, such fl ocks 200e gnefkanndquecys sulfanatiedcakiby sesbngsobetioy cal
shearing force, and a 5 cationic polymer 1Ione is not effective enough to
i npr ove r et @FEPGTEAPR ABgENeWY MRt iaf agueous solutimn jefmove

dr ai , [ . d L Vi (o P Li h . dual
ol y e syst o | Sodiuh Butebntetedi¥aining WelanifeCbotal MV AS C 1 TNl
and 10 anioni ¢ RplawBhEed! Spedfeic A¥hvdtyddiomeised MO Ydoc), pu

8.50, viscosity 23.9 mPa-S (measured at 20°C), electrical

conductivity 31.00 mS/cm, solid sulfonated amino resin
content 32.9 wt$ (containing 14.4 wtg$ as melamine), molar
10 ratio of formaldehyde/sulfonic acid 3.6, free
formaldehyde (measured by titration) 0.7 wts, molar ratio
of formaldehyde/melamine 3.50, average molecular weight
15,000, transmittance (L value) 99.8%, colorless
transparent liquid], (contairing 65.8 g of the sulfonated
15 amino resin) and 690 g of pure water were put in a four-
necked flask of 2¢ equipped with.a reflux condenser, a
stirrer and a thermometer. 3.5 g of 10% sulfuric acid
and then 39.0 g of melamine (manufactured by Nissan |
Chemical Industries, Ltd.) were added with stirring. The
20 total so0lid content of this mixéd solution of the
sulfonated amino resin and melamine was 11.2 wts, the
weight ratio of melamine/the sulfonated amino resin in
the mixed solution was 0.593, and the pH of the mixed
solution was 7.50. This mixed solution was allowed to
25 react by heating at 98°C for 2 hours and then cooled to
obtain 932.5 g of a solution of a product {Dl) obtained

by reacting the sulfonated amino resin and melamine.



pol yner having a | arge negative charge, flocks nmade by the single
action of a cationic polyner becone_much ——stronger. The -papeffrakifig—
process according to the second aspect of the present inventionis a
kind of dual 15 polyner system and is based on the sanme nmechanismas a
usual dual polynmer system However, the second aSpﬁﬁﬁﬂ@&Mhﬂﬁ
present i nvewDio64027 I's characterized in that a product ( tal ned by
reacting a sulfonated amno resin and an am no group- 20 containing
substance is used as an anionic polyner - 29 - Conponent (D) is a colloid
having a primary particle di ameter of from1 to 100 nm and an aver age
particle | f {r top d dynam c

| ight-scatteri né)a%tn%r &% nksggh??o oué;afl ésg'gﬁggﬁeﬁ?hg% (D) has a
negative charge (3gnapstene ak! aheémﬁékatur@wﬁtrem G0char ageerulséie the h
strong anion sites attrlbutable to sulfonic acid groups and weak
cation néQanind4 edhpletely dissolved, and then became tinged

PCT/ JP96/ 01043 - 26 - sites attributable
to anino groups wiktiheceddoddalt celer pe adsorbed strongly both by

|l .ul fib b
cati o ¢ or Smphot e/ solutien o Bt HoFedear (o) THE bBraEhEs Vag o
f t 5 f| |
91 er St ert g t(rgns%%%n%iﬁﬁ%ﬁ%%&?srﬁarﬁﬁﬁ%lt%‘f??‘aséi' VEER bdllold iyl ©
product (D) obt gigiehady a’ BpeciffcSgtdwity &f 1.056 (measured at 25°c), a

pH value of B.13, a viscosity of 2.4 mPa-S (measured at

25°C), a solid product content of 11.2 wtsg, a weight

10 ratio 6f melamine/the sulfonated amino resin of 0.593, a
molar ratio of formaldehyde/sulfonic acid of 3.6, a molar
ratio of formaldehyde/melamine of 1.49, an average
particle diameter measured by a dynamic light scattering
method of 16.1 nm (measured by means of Coulter N,

15 manufactured by Coulter Inc. in U.S.A.) and a zeta
potential of -10 mV. The primary particle diameter of
the product measured under an electron microscope was
from 5 to 10 nm. No free formaldehyde was detected in
this solution by titration, and this solution was stable

20 at room temperature for at least 6 months.

PREPARATION EXAMPLE (D2)

120 g of the same agueous sulfonated amino resin
solution as used in Preparation Example (Dl) f{an agueous
solution of a sodium sulfonate-contaiﬁing melamine-

25 formaldehyde condensate] (containing 39.5 g of the
sulfonated amino resin) and 615 g of pure water were put

in a four-necked flask of 2¢ equipped with a reflux



am no resin and an am no group-contai ni ng substance. Conventi ona
ani oni ¢ polymers never show such an 10 acti on—ker—exanpl e,—ecoenventional
sul f onat e- cont ai ni ng mel am ne- f or mal dehyde condensates (SMF) are

| i near wat er - sol ubl e pol yners and di ssolve in water. Unlike
conventional SMF, the product (D) obtained by reacting a ed
am no resin MO%ROHi no group-containing 15 substance useﬁw
second aspect of the present i nvention forns mcro aggregates having a
particle dianeter of a colloid | eves By ~virtue of the conbination

of a sulfonated am no resin oligonmer having negative sites with an

ani no_gr oup- cont gpiadfsSubSEAFFe WA tRRrnBRELEEY Cald £33 YIGT A%
mel am ne. A solution o product (D) obtairmed by reacting a

sul fonat ed am nogh8ghbic acl@.l’ﬁhdﬁl’ttﬁﬁ 20 .9r gupfcmelani:n@g(mathﬂiaa:tmeedsed

for the second aspect of the present invention is a stable

col | oi dal sol uti by. Ni\hsanaCBmmabri!@IllSGGRpénehtd(D)‘W%e FRledWi&d to a
pul p slurry containing cellul ose fibersg, ni c, fuiler terla
and an ionic pol phdrrbager eThe t°§§HeéP#ﬁQ ceﬁﬁﬁﬁﬁe %hﬁ FOtRE2B8Bt h

cation sites and [ 34
PCT/ JP96/ 0104@ of the Sulmat éga%;lo resin and 15971am1ne wasanal.gnwsi t'es and

a large Spec'f'CtﬁgrLQESht'§a9§§Qf %ﬂlaﬁlne/the'Qﬂlﬁoﬂﬁﬂﬂpﬁﬁﬁ%% resife pulp
slurry and shows rema e flocculation ability, formng flocks.
Hence, was 0.542, and the pH was 6.75. The mixed solution was
allowed to react at 98°C for 2.5 hours by heating. The
resulting solution of the product (D2) was tinged with
10 colloidal color. Then, 36 g of the same agueous
sulfonated amino resin solution as used in Preparation
Example (Dl) (containing 11.8 g of the sulfonated amino
resin) was added, it was allowed to react at 98°C for 3.5
hours. Then, 2.6 g of 10% adueous caustic soda solution
15 was added, and the mixture was heated at 98°C for 10
minutes and cooled to obtain 920.7 g of a solution of a
product (D2) ohtained'by reacting the sulfonated amino
resin and melamine.
The solution of the product (D2) thus obtained was a
20 highly transparent solution tinged with colloidal color,
and had a specific gravity of 1.039 (measured at 25°C), a
pH of 9.62, a viscosity of 5.2 mPa-S (measured at 25°C),
an electrical conductivity of 13.30 mS/cm, a solid
product content of 7.90 wt%, a weight ratio of
25 melamine/the sulfonated amino resin of 0.417, a molar
ratio of formaldehyde/sulfonic acid of 3.6, a molar ratio

of formaldehyde/melamine of 1.79, an average particle



It acts as an excellent retention aid. As conpared with 5 conventi onal
sul fonat e-cont ai ni ng_nel ani ne fornmaldehyde ———condensates di ssetved—n
water, conponent (D) in col | oidal state used for the second aspect of
t he present i nvention, which renders flock formation easier, is
effective as an additive for papernmaking. 10 Therefore . 1

paper maki ng YW according to the second aspect of the Drasumt

i nvention which is characterized by use of a cationic or anphoteric
pol yner, is remarkably effective ia ggwde variety of papernmaking

met hods fromthe acid papernaeking nethod to the neutral 15 papernmaking

method tor | oMl Mfiet el Sl Alked! ) WiUGnamic 1PERELSEA VE4Yi A heftiRd bY ©f

the finished paper 'suc streng and forfration

BRI EF DESCRI PTI O §FnPRAW NG a potentialll 867212 me and r&nsrarmsmiditagceciron
m crograph of the 20 product obtained in Preparation Exanple 2 by
reacting a galéonadeLBeuTino Nesifireanfioanabdelyyde wardatiected in
substance. The magnification is 200, 000. . BEST MODE FOR
CARRYI NG OUT THEthensolnighen by titragdoprodBhe sPYiBaphiRATEFYS diametrRg a

U TR R S S
fol l'owi ng Pr epar gf g BXGTY Gn ( Dithel RodBRLoR"Se the proauct/Rad°4i4nis

at room temperature for at least 6 months.
PREPARATION EXAMPLE (D3)
200 g of the same aqueous sulfonated amino resin

10 solution [aqueous solution of a sodium sulfonate-
containing melamine-formaldehyde condensate] as used in
Preparation Example (Dl) (containing 65.8 g of the
sulfonated amino resin) and 589 g of pure water were put
in a four-necked flask of 2¢ equipped with a reflux

15 condenser, a stirrer and a thermometer. 4.0 g of 10%
sulfuric acid and then 39.0 g of melamine (manufactured
by Nissan Chemical Industries, Ltd.) were added with
stirring. The solid content of the mixed solution of the
sulfonated amino resin and melamine was 12.6 wts, the

20 weight ratio of melamine/the sulfonated amino resin was
0.593, and the pH was 7.31. The mixed solution was
allowed to react by heating at 98°C for 2 hours, and 2 g
of 10% caustic soda and 40 g of the same aqueous
sulfonated amino resin solution as used in Preparation

25 Example (Dl) (containing 13.2 § of the sulfonated amino
resin) were added. The reaction mixture was allowed by

react at 98°C for 1.5 hours and cooled to obtain 912 g of



- 28 - Conpar ative Preparation Exanples (D 1) to (D 2).

PREPARATI ON EXAMPLE (D1) 200 g of an_aqueous_sul f onat ed—am-no-
resin solution prepared by an known nethod [an aqueous solution of a
5 sodi um sul f onat e- cont ai ni ng nel am ne-f or mal dehyde condensat e,
specific graV|ty 1.214 (neasured at 20[err]C), pH 8. 50

23.9 nPa[ er r | %O @m%red at 20[err]C), electrical condaﬁwﬂ‘gl 00
nS/cm solid sulfonated am no resin content 32.9 mﬂ@b(contalnlng 14. 4
wt% as nelamne), nolar 10 ratio of forwrallgehyde/ sul fonic acid 3 6, free
formal dehyde (nmeasured by titration) 0.7 w% nmolar ratio

f or mal dehyde/ nel ver ar

transm ttance (Lad\r/ne'i#l&g'e gg gofﬁ;sco or Iﬂeﬁﬁ) Ob‘??gﬁgpgr elr'lteaII'é &I)(%]he

(cont ai ni ng 65. 8 ghlFonhtedsamnindateslin dnd aelaminhesi n) and 690 g of pure

water were put in a four- necked flask of 2[err] equipped with a
refl ux condenser, a The seflutien afidthe tproduntet(®3) Bh8sOobtainéd swad wric
acid and then 39.0 g of nelam ne (manufactured by N ssan Chem cal

| ndustries, Ltd. )tfmaésa'éds‘?}‘ﬂ‘ff#%‘hsrlﬁ% 1yTkénged W%B‘?a@ls%mdflcml@m of

h d I f .th I d

112 wog tnes . 2a8Bednd preetely SRR, S ke 0el hfaf e RO RIS
h I Xed I 02893, h I

750, Thi's mixed ol at oA fat ST o7 350 Red ¥ hensured b AT 1

for 2 hours and hheﬁleeekﬁdaiOconducuﬂﬁﬂﬁyno&32759g m$/em sk Woxyd of a

product (Dl) obtained by reacting the sulfonated ami no resin and

nmel am ne. product content of 12.9 wtg, a weight ratio of
melamine/the sulfonated amino resin of 0.494, a molar

10 ratio of formaldehyde/sulfonic acid of 3.6, a molar ratio
of formaldehyde/melamine of 1.64, an average particle
diameter measured by a dynamic light-scattering method of
16.3 nm, a zeta potential of -12 mV and a transmittance
(L value) of 96.9%. No free formaldehyde was detected in

15 the solution by titration. The primary particle diameter
of the product measured under an electron microscope was
from 5 to 10 nm. ‘The solution was stable at room
temperature at least 6 months.

PREPARATION EXAMPLE (D4)

20 600 g of the same agueous sulfonated amino resin
solution [an agueous solution of a sodium sulfonate-
containing melamine-formaldehyde condensate] as used in
Preparation Example (Dl) {(containing 197.4 g of the
sulfonated amino resin) and 1,200 g of pure water were

25 put in a four-necked f£lask of 2¢ equipped with a reflux
condenser, a stirrer and a thermometer. 24 g of 10%

sulfuric acid and then 81 g of melamine {(manufactured by



WO 96/ 34027 - 29 - During the heating,
this m xed solution turned transparent at—a-tenperature—ef—F+oem86-to
90] errJC Where the mel am ne conpl etely dissolved, and then becane
tinged wi th coll oidal color. 5 The sol ution of the product (D1)
t hus obtai ned was a transparent solution slightly ting Hb;ér
col | oi dal cOW@M6/34027 and had a specific gravity of 1.056 (ngggure %ﬁ
25[err] O, a pH val ue of 8.13, a viscosity of 2.4 nPa[err]S (nmeasured
at 25[err]C), a solid product conter@3 of 11.2 wt% a weight 10 ratio
of nmelam ne/the sulfonated am no resin of 0.593, a nmol ar ratio of

for mal dehyde/SL}]kféger il cal $nlusfri®s A'Ltd.) vetld @ddka with

f or mal dehyde/ ne an1ne 1. 49, an average particle dianeter neasured
by a dynam c |Imrﬁqﬁtemﬁgtotal sol hdccaditerft bfntrhenmizededobytivans of
Coulter Nerr] 15 manufactured by Coulter Inc. in U S A) and a zeta
potential of - I rifie Bud.fonakad yamine i xesiniianfmelapine wast hé. érﬁﬁl’bct

neasur ed under an el ectron m,crosco

f or mal dehyde wddhejsted@hty rakio o EEVihﬁ(ﬁh?ﬂ?W¥%°PPfF§tPﬂﬁ“°aﬁﬁsfﬂ|s
S o Wag Shak © éz) Zha" eemﬁrq%aé HF. | ¥nelnik@ASbodulPoh Vas

PREPARATI ONSEXAI#L t he 'sane "aqueous™ sul T onat ed
amno resin - a11%ed it rddctSsy ﬁéhaxﬂfaé@tgm Ezs«imal RohPd) aRa gepieous

g of pure water was added. After cooling, 16 g of 10 wts
agueous NaOH solution was added to obtain 2,881 g of a
solution of a product (D4) obtained by reacting the

10 sulfonated amino resin and melamine. During the heating,
the mixed -solution turned transparent at a temperature of
from 80 to 90°C where the melamine completely dissolved,
and then became tinged with colloidal color.

The solution of the product (D4) thus obtained was a

15 transparent solution slightly tinged with colloidal color
and had a specific gravity of 1.044 (measured at 25°C), a
pH of 10.38, a viscosity of 65 mPa-S (measured at 25°cf.
a solid product content of 10.0 wty, a weight ratio of
melamine/the sulfonated amino resin of 0.41, a molar

20 ratio of formaldehyde/sulfonic acid of 3.6, a molar ratio
of formaldehyde/melaminéaof 1.81, an average particle
diameter measured by a dynamic light—-scattering method of
179 nm (measured by means of Coulter N,, manufactured by
Coulter Inc. in U.S.A.) and a zeta potential of -10 mV.

25 The primary particle diameter of the product (D4)
measured under an electron microscope was from 5 to 10

nm. No free formaldehyde was detected in this solution



solution of a sodium sul fonate-containing nelamne- 25 formal dehyde
condensate] (containing 39 5 g of the sulfonated am no resin)}—and 615
g of pure water were put in a four-necked flask of 2[err] equipped
with a reflux WD 96/ 34027

PCT/ JP96/ 01043 - 30 -
stirrer and a™MM¥PM*Heter, and 4.3 g of 10% sul furic acﬁ¥ﬂﬁ%ﬁQ%%n

21.4 g of nelam ne (nmanufactured by Ni ssan Chem cal Industries, Ltd.)
were added with stirring. The total -s@4i & content of the m xed

sol ution 5 of the sulfonated am no resin and nelamne was 8.0 wt %

the weight ratio %m&%wth@hé%ém@i&ﬂm 3@ab88! Bt roomW@s 0.542, and
the pH was 6. 75. e m xed sol ution was | owed to react at 98[err]C
for 2.5 hours by tefidraguréh€or at I€#dd té mpntdlsuti on of the product (D2)
was tinged with 10 colloidal color. Then, 36 g of the sanme aqueous

sul fonated ani no PRERARAIIONt EEAMBEE UERE) i n Preparation Exanpl e (D1)
(containing 11.8 g of_the sul fonated am added, , it was

allowed to react at P0G PE £he same aq“e‘mﬁjPé‘lf?ﬁéﬁedZaBiﬁ"o?ei’O“/o aqueous
[ |
SolorriCror ‘D‘Qéiﬂl;o$5 af’d cooIégnﬂ:Enboglétgéglgﬁ553$§$§§t Ltlon of

98[err] C for n1nu es a tain
a product (Q?anmhahaeﬁlebamimwmmyaul Eeﬁa&ﬁsaem NPs used [@Si N
and nel am ne. The solution of the product (D2) thus obtained was a

Preparation Example (Dl) (containing 197.4 g of the
sulfonated amino resin) and 1,000 g of pure water were
put in a four-necked flask of 2¢ equipped with a reflux
10 condenser, a stirrer and a thermometer. 24 g of 10%
sulfuric acid and then 69 g of melamine (manufactured by
Nissan Chemical Industries, Ltd.) were added. The total
solid content of the mixed solution of the sulfonated
amino resin and melamine was 15.7 wt%, the weight ratio
15 of melamine/the sulfonated amino resin was 1.40, and the
pPH was 6.65. The mixed solution was allowed to react by
- heating at 93°C for 7 hours, and 1,083 g of warm pure
water at 48°C was added. After maintained at 82°C for 1
hour, the mixed solution was cooled to 60°C, and after
20 addition of 14 g of 10% NaOH aqueous solution, it was
cooled further, to obtain 2,790 of a product (D5)
obtained by reacting the sulfonated amino resin and
melamine. During the heating, the mixed solution turned
transparent at a temperature of from 80 to 90°C, where
25 the melamine completely dissolved, and then became tinged
with colloidal color.

The solution of the product (D5) thus obtained was a



20 highly transparent solution tinged with colloidal color, and had a

specific gravity of 1.039 (neasured_at 25[err] QO a —pHoeo—9—62—a—

viscosity of 5.2 nPa[err]S (neasured at 25[err]C), an el ectri cal
conductivity of 13.30 nS/cm a solid product content of 7.90 wt% a
wet ght ratio of 25 nelam ne/the sulfonated am no resin of | ar
ratio of for WRWMPde/ sulfonic acid of 3.6, a nolar ratio Hﬁmw

f or mal dehyde/ nel am ne of 1.79, an average particle WO 96/ 34027
PCT/ JP96/ 01043 - 35 = 31 - di anet er neasur ed
by a dynamc light-scattering nethod of 103 nm a zeta potential of

L2 and 2 i1 agsghLbapes: (botution3hushedl E0ndgh Dovk 851 igram dehyde

was detected in e solution rat primary partlcle

dianmeter 5 of bbﬁoprOﬂh@thw&sm‘éiﬂéegrameyesfrpmm ClmdetsiiYed\at
from5 to 10 nm The solution of the product was stable at room
tenperature for 26°Ceasa pPH mMhI3, a vEEEBs§m§1QEJI?U&ﬁﬂ!i(sxnmeasured
200 g of the same aqueous sul fonated anmi no resin solutlon [ aqueous

sol ution of a so@tufPlC)fonAclid produskt spﬁtﬂatn%*alsﬁﬁbw
coniensa 2 5 Vet e 1oy RN ShAEEHIT PR G T 10,
(o1 necked 1 eobotl J8LL grifcmmopieractipse s Gr S mbia:,
of nel am ne (nanggeféupLiformaldehyde/melamine of 1.95, an average
particle diameter measured by a dynamic light-scattering
method of 135 nm (measured by means of Coulter N,,

10 manufactured by Coulter Inc. in U.S.A.) and a zeta
potential of -12 mV. The primary particle diameter of
the product (D5) measured under an electron microscope
was from 5 to 10 nm. No free formaldehyde was detected
in the solution by titration.” The solution was stable at

15 room temperature for at least 6 months.

PREPARATION EXAMPLE (D6)

400 g of the same aqueous sulfonated amino resin
solution [an aqueous solution of a sodium sulfonate-
containing melamine-formaldehyde condensate) as used in

20 Preparation Example (Dl) (containing 131.6 g of the
sulfonated amino resin) and 360 g of pure water were put
in a four-necked flask of 2¢ equipped with a reflux
condenser, a stirrer and a thermometer. 14.0 g of
melamine (manufactured by Nissan Chemical Industries,

25 Ltd.) was added with stirring. The solid content of the

mixed solution of the sulfonated amino resin and melamine

wvas 18.8 wty, the weight ratio of melamine/the sulfonated



by N ssan Chemi cal Industries, Ltd.) were added with stirring. The
solid content of the nixed solution of the .—_sulfonated anin '
mel am ne was 12.6 ww% the 20 weight ratio of nelam ne/the sulfonated
am no resin was 0.593, and the pH was 7.31. The m xed sol uti on was

al I'owed to react by heating at 98[err]C for 2 hours, and 2 g 0%
caustic soda WRPHAH of the same aqueous sul f onat ed amrr%’%ésqlﬁé
solution as used in Preparation 25 Exanple (D1) (containing 13.2 g of the
sul fonat ed am no resin) were added. -Thg weaction m xture was al | owed
by react at 98[err]C for 1.5 hours and cooled to obtain 912 g of

WO 96/ 34027 mino resin was .106,( D%rgd ot[%eaipﬁeggcl-ﬁé ngf.\?@géfhweas

- 32 - asxﬁu lon of a pro%uct by reactin

sul fonated ani no g &g N MyadmiRkasdEution was allbRedsebUisadt Oby tH tamyluct
(D3) thus obtained was a transparent solution slightly tinged with
col | oi dal color ats Z20%C ifad 3 Beers{ iandrthen yoofied. 0GAL (exras g axf 0%
25[err] O, a pH of 8.79, a viscosity of 2.6 nmPaJerr]S (neasured at

25[err] Q) #auatda sodal vasaddedyitihe gixed splykien, was sfiirred at

duct tent of 12..9 w % L ght f f ] ine/th | f t ed
hmino resin of 0.5 tempsrarirdcEet 30 Wedhess to oRbES 1Y 908 & o
3.6, a nolar ratifoguct {behObHR HdY A5y r?éa@qiaa the ls Pl ot ¥ U

particle di aneter nmeasured by a dynamc |1 ght-scattering nmethod of
resin and melamine.

nd

The solution of the product (D6) was a colorless

transparent solution and had a specific gravity of 1.110

10 (measured at 25°C), a pE of 11.90, a viscosity of 3.0
mPa-S (measured at 25°C), a sclid product content of 18.7
wt$, a weight ratio of melamine/the sulfonated amino
resin of 0.106, a molar ratio of formaldehyde/sulfonic
acid of 3.6, a molar ratio of formaldehyde/melamine of

15 2.82, and an average particle diameter measured by a
dynamic light-scattéring method of 5.8 nm. The primary
particle diameter of the product {D6) measured under an
electron microscope was from 5 to 10 nm. The solution of
the product (D6) was stable at room temperature for at

20 least 6 months.
COMPARATIVE PREPARATION EXAMPLE (D'l)

140 g of the same agqueous sulfonated amino resin
solution [an aqueous solution of a sodium sulfonate-
containing melamine-formaldehyde condensate] as used in

25 Preparation Example (Dl) (containing 46.1 g of the
sulfonated amino resin) and 700 g of pure water were put

in a four-necked flask of 2¢ equipped with a reflux



16.3 nm a zeta

potential of -12 nV and a transmttance (L val ue) of
96.9% No free fornmaldehyde was detected i n_15the sol uti on by—+t+t+ation.

The prinary particle dianeter of the product measured under an

el ectron m croscope was: from5 to 10 nm The solution was stable at
room tenperature at | east 6 nonths. PREPARATI ON Eﬁéyﬁkﬁmhgﬁ) 20
600 g of t heWOMB4Fueous sul fonated ami no resin sol ution [an aqueous
solution of a sodium sul fonate- cont ai ni ng el am ne-f or mal dehyde
condensate] as used in Preparati on Exayple (D1) (containing 197.4 g of
t he sul fonated am no resin) and 1,200 g of pure water were 25 put in
a pour-necked T aphdilnseiS’ 5l sgﬂygp%dwé rieraBeter .  5.60808RSE0y @
stirrer and a t hérnomet 10% sulfuric acid and then 81 g of

mel am ne (manuf aghurfhilyacid and tNéx %8 ?g4Qi£7melamme {(manufactured by
33 - Ni ssan Chem cal

| ndustries, Ltd. )Nissan @Mé-dcaﬂtnndustr1q§drﬁhdhg wrne addefl wdthd content
ution of the sul fonated am no_resin and_nel ani pe was

PCT/ JP96/ 01043

of the nixed sol
14.6 wt %

was 0.41, and th
react by heat?ng

to obtain 2, 881

i ngdmgnt Thei 5okAl LA Romtedtsafr She: Bixed; setrbien

I
o U Spd B d Sl e SoRetBine ol BB,
added. After COO'ﬂHEg’we].\@hQ ehtil &f%aelamﬁm&uaumahlaeehuahmowésﬁdded

90

. was 0.542, and the pH was 6.75. The reaction of the

10

15

20

25

mixed solution was attempted by heating at 40°C for 12
hours. However, the melamine did not dissolve, and the
mixed solution remained a mixed slurry containing the
undissolved melamine in the agueous resin solution.
COMPARATIVE PREPARATION EXAMPLE (D'2)

14 g of the same aqueous sulfonated amino resin
solution [an aqueous solution of a sodium sulfonate-
containing melamine-formaldehyde condensate] as used in
Preparation Example (Dl) (containing 4.6 g of the
sulfonated amino resin), 700 g of pure water and 50 g of
melamine (manufactured by Nissan Chemical Industries,
Ltd.) were put in a four-necked flask of 2¢ equipped with
a reflux condenser, a stirrer and a thermometer. The
total solid content of the mixed solution of the
sulfonated amino resin and melamine was 7.15 wt$, the
weight ratio of melamine/the sulfonated amino resin was
10.9, and the pH of the mixed solution was 9.60. The
mixed solution was allowed to react By heating at 98°C
for 6 hours and cooled. The mixed solution became

trangparent in 2 hours during the heating, but it was not

5



solution of a product (D4) obtained by reacting the 10 sulfonated am no

resin and nelam ne. __During the heating, —the m xed sol uti anturned
transparent at a tenperature of fromB80 to 90[err] C where the
mel am ne conpl etely dissol ved, and then becane tinged with coll oi dal
col-or. The solution of the product (D4) thus obtai a 15
transparent sWOMBAWE s|ightly tinged with colloidal color gsg@ﬁ%ﬁﬂﬁﬁ a
specific gravity of 1.044 (neasured at 25[err]C), a pH of 10.38, a
viscosity of 65 nPajerr]S (nmeasured at 25fesg]-C), a solid product
content of 10.0 wt% a weight ratio of mel am ne/the sul fonated am no

resin of 0.41, aog%gﬁa dem{/ﬂ%%ﬁﬁ@alf %Bﬁ%dﬁﬁ%dféﬂ&ﬁéwi&a‘i& %zgktf’g@ena

nolar ratio mel am ne o 1, an average partic

di ameter neasuredabye? éyWouts df Huatinatlt con NgooEind we mixedl48188ion
(measured by nmeans of Coulter N err], manufactured by Coulter Inc. in
U.S.A ) and a zet sepatated adntd twt0 layers28itihae gonsidderakde iamoanti afret er
of the product (D4) . nheasured under an electron mcroscope was _fromb5
to 10 nm Nomelamine seParabifg AuE . apd tRRe P (Wpifary gompRsite

WO 96/ 34027 . . P P 104 .

- 34 - b§/ tF?}‘éH%.waﬁ'ueobst@I’ﬁ I on \?\,ﬂg ] elaggfrjé%% Q:mg%d with
tenperature for apoheafdad dBEBAS which shBRERARAHAN SR APEpBaset, but

600 g of the same aqueous sul fonated am no resin
the weight ratio of melamine/sulfonated amino resin in

the product was 3.0.
EXAMPLE 1
10 (i) Preparation of pulp slurry
A softwood kraft dry bleached pulp (Al) and a
hardwood kraft dry breached pulp (A2} were supplied as
cellulose fibers (A).
90 g of the softwood kraft dry bleached pulp (Al) and
15 270 g of the hardwood kraft dry breached pulp (A2) were
added to 25 kg of water, and left in it all day long.
These pulps were beated in a laboratory beater to a
freeness of 350 mé according to Canadian standards to
obtain a pulp slurry.
20 (ii) Preparation of aqueous papermaking stocks
Heavy calcium carbonate (Bl), an agueous aluminum
sulfate solution {B2) and kaolin (China clay: B3) were
supplied as inorganic filler materials (B), and a rosin
size (B) as an organic filler material.
25 @ To the slurry of pulps (Al + A2), the heavy
calcium carbonate (Bl), water and sulfuric acid were

added to obtain a neutral aqueous papermaking stock (a)



5 solution [an aqueous solution of a sodium sul fonate- cont ai ni ng
mel am ne-for mal dehyde condensate] as used in——_ Preparati on—bExarpte—Dl1)

(containing 197.4 g of the sul fonated am no resin) and 1,000 g of
pure water were put in a four-necked flask of 2[err] equipped with a
reflux 10 condenser, a stirrer and a thernoneter. 24 g Ofréﬁ?@mmuua

sul furic aci WQ¥HBAen 69 g of nel ami ne (nmanufactured by | Ssan

Chem cal Industries, Ltd.) were added. The total solid content of the
m xed sol ution of the sulfonated - ar 39 +esin and nel am ne was 15.7
w% the weight ratio 15 of nelam ne/the sulfonated am no resin was 1.40,
and t he pH . 85 € R} J I & t by

heati ng at 93[erri%ngorg ?uﬁgufg?ﬁﬁgsof (%Smgﬁgssmgr %?Eﬁ?eegl f"i”\‘;;vater at

48[ err] C was adqe@dbofhter contehei 6£d0 215 SA{scandCaf pH &f 7.1.hour, the mni xed
solution was cooled to 60[err]C, and after 20 addition of 14 g of 10%
NaCH aqueous sol uti @, Tpt thasslurry b /pdpsuldher, ARY, obhei #APEMDD of a

produst (05) - sucslomaneiaBher oSkt (Gl baBRIR0(BRLAD EERD Y, .
5 Lot T VTR, TRAS ket IE adBLlE HRLGOF B Y
solution of the jyeidue! ahCalimbbus phpeimadgpstack (6) of MWD £03 Hdhg

- a pulp content of 0.35 wt3, a kaolin content of 0.15 wty,

a aluminum sulfate (octadecahydrate) content of 0.0035
wt%, a rosin size content of 0.0015 wt% and a kaolin/pulp
10 weight ratio of 0.43 wts.
{iii) Preparation of aqueous solutions of cationic
polymers (C)

As cationic polymers (C), a cationic starch (Cl) and

a cationic polyacrylamide (C2) as described below were
15 supplied.

@ By cationizing potato starch, a 0.5 wt% aqueous
solution of a cationic starch (Cl) was prepared. The
nitrogen content and the degree of substitution of the
cationic starch (Cl) were 0.35% and 0.042, respectively.

20 ® A commercial cationic polyacrylamide (C2) which
was as a flocculant for papermaking stock in the form of
a slurry containing 15 wts$ of the active ingredient was
diluted with pure water to obtain an aqueous solution
containing 0.5 wts of the active ingredient.
25 (iv) Addition method
To the slurry of beater pulps (Al + A2), additives

such as heavy calcium carbonate (Bl), an agueous aluminum



- 35 - transparent solution slightly tinged with coll oida

color, and had a specific.gravity of 1.042 (neasured at 25[err] Q)  a
pH of 9.73, a viscosity of 17.8 nPa[err]S (nmeasured at 250, a solid
product content of 10.0 wt% a weight 5 ratio of nelam ne/the sul fonated
amno resin of 1.40. _2a nmol ar ratio of fornal dehyde/ sul f Qi hﬁ of
3.6, a nolar tio of formal dehyde/ nel am ne of 1.95, an average
particle dianeter neasured by a dynamic |ight-scattering met hod of
135 nm (measured by neans of Coulter N errkpo -10 manufactured by Coul ter
Inc. in US A) and a zeta potential bf -12 nV. The primary particle
di anet er of o] ) S n Ir o] pe

was from5 to 10 strli‘%%a% ?rﬂggt%}? ( eh%a?iﬁsqgg%ggtgjdﬂ §J§l)| rrlaﬁesigl ution
by titration. Theegelsghair9p wsosi:al:diezeat(EHSwereoaaaeapeas Pprepadeacidilceast
6 nont hs. PREPARATI ON EXAMPLE ( D6) 400 g of the sane aqueous
sul fonat ed am noandsneutral pap&ﬂah:ﬁgaﬁ%é@usﬁgbﬁmadﬂiwma ofodi um

sul fonate- cont ai ni ng_ne| am ne- f or.nal degége condens}i;lt“}lr as used in 20

Preparati on Exam$©@ king) spiuhicn R, Fatipnic atfestarc onat ed ani no
resin) and 36g dg c%ftﬁg “?eﬁfﬁh@faﬁﬂérﬁs ammbﬂz@mfc?ﬁ'ioﬁeﬂ( gar{ a&illéogfs

2[ err] equi pp con a stirrer ter.
14.0 g of MgloARiE R 8n( BBanéﬂwxﬁfé %1%&&&%&1@@1 ﬁ@) Iaﬁalsg_dlh&aons%_
Ltd.) was added with stirring. The solid content of the m xed sol ution
of the sul f onat edfatheopreductsnibljeltani(Ds) obtaiwmed ¥y Teaciirngha wei ght

rati o of mel am ne/the sul fonated . .
sulfonated amino resin and an amino group-containing

substance in the preceding Preparation Examples (Dl) to

10 (D5), these stocks were sheeted, and the retention of

fines was measured.
(v) Method of measuring the retention of fines

The retention was measured as follows in accordance
with a Dynamic Drainage Jar Test Method (which is also

15 called a Britt-Jar Test Method) disclosed in Tappi
(Britt.‘K.W.: Tappi, 56(10), 46-50, 1973).

® The total concentrations G wts of the pulps (Al +
A2) and inorganic filler materials (Bl) to (B3) in the
papermaking stocks were accurately calculated.

20 ® After a surfactant was added to make passage of
the fines easy, a papermaking stocks was filtered on a
200-mesh wire screen. The remainder on the screens was
weighed to calculate the ratio F wts of the total fines
which passed through the wire screens to the total of the

25 pulps and the filler materials in the papermaking stock.
The total fine concentrations of the papermaking stock is

expressed as GxF/100 wts.
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- 36_- . amno_resin was 0.106, .and the pH of the solution wvas——
8.4. The mixed solution was allowed to react by heating at 70[err]C
for 3 hours, and then cooled. After 5 g of 10% causti c soda was
added, the n1xed solution was stirred at 5 roon1tenperatu5ﬁmbekm
mnutes to obWa%RHM¥D g of a product (D6) obtained by reacting the
sul fonated am no resin and mel am ne. The solution of the
product (D6) was a col orless transpagemt solution and had a specific

gravity of 1.110 10 (measured at 25[err]C), a pH of 11.90, a viscosity

of 3.0 nPal err ] i 5 . n f
18. 7 W% a wei l o%%f - % hgéé%l% ‘g%%u nat e(?c}.d'r#&ur‘é% tlﬁe%egl n
of 0.106, a nol asafaézw é\tnfﬁd@tdahydeéwbﬁ@m?eed ofi@ob afpm3. @nda nol ar
rati o of formal dehyde/ nmel ami ne of 15 2.82, and an average particle

di anet er neasur ediming was sthnted.c REgkr-35aseconds, mhiehmredeteraingd The
primary particle diameter of the_product_ (D6), neasured under. an

el ectron ni cr oscapeunkof r%rﬁ‘!?"t-‘@gle"ﬂrﬁﬁ-‘%e"%o‘Fﬂﬁ’r‘?}?‘F‘bet“c & dpr oduct

D s T Toph O, P 2atspy) 8.5 %hen Sk ey L, mecsntons
23: ;gggi gd am Noa¢£§t Nthe beﬁ%ﬁwgoef[ 2Re ABURONS, @'&éméﬁmlﬁeﬁoginaﬁht
of a solution of one of the products (D1l) to (D3)
obtained by reacting a sulfonated amino resin and an
amino group-containing substance in Preparation Examples
10 (resin concentration 0.5 wtg) was added. 45 seconds
after the beginning of the timing, drainage was started,
and white water was collected for 30 seconds. The volume
of the collected white water ¥ m¢ was measured. A 200-
mesh wire screen was used, and the diameter of the drain
15 was controlled so that about 100 mé of white water was
drained in 30 seconds.

(®-2) 500 mé of a papermaking stock was poured into a
jar and stirred at a rotational speed of 1,000 rpm, and
timing was started. After 15 seconds, a predetermined

20 amount of 0.5 wt$ agueous solution of cationic
polyacrylamide (C2) was added. 45 seconds after the
beginning of the timing, a predetermined amount of a
solutions of the products (D4) or (DS) (resin
concentration 0.5 wtg) obtained in Preparation Examples

25 by reacting a sulfonated aminoc resin and an amino group-
containing substance was added. 60 seconds after the

beginning of the timing, drainage was started, and white



cont ai ni ng nel am ne-f or mal dehyde condensate] as used in 25 Preparation

Exampl e (D1) (containing 46.1 g of _the sulfaonated am no resin) and 700
g of pure water were put in a four-necked flask of 2[err] equipped
with a reflux WD 96/ 34027

PCT/ JP96/ 01043 - 37 - condenser
stirrer and aWMO$RMB3Feter. 5.0 g of 10% sul fonic acid Z&IFPHM QH“QS g
of nel am ne (manufactured by Ni ssan Chem cal Industries, Ltd.) were
added wi th stirring. The total solid gopntent of the m xed solution

5 of the sulfonated am no resin and nel am ne was 8. 18 mﬁ@b t he wei ght

a0 Ok ™A™ nokhfe: Wid WAIRLAT P8:T $5! oconde. WAhe) vR1tme RE LRE P

was 6.75. The reaciron m xe ICH was St ﬁeatlng

at 40[err]C for 12s11ected WHite HRGRYEY, mbh@aér‘%@iglﬁeedj' dA”QbﬂinéER'tVfte and

the 10 m xed solution remained a m xed slurry containing
undi ssol ved nelanscmeeﬂ1ﬁdﬁaus¢ueoandrehendsameﬁenNhf the erENPARAT|VE

PREPARATI ON EXAMPLE (D 2 g of the same aqueous sul fonated
anino resin %%‘P"LRQW‘{ &0 ﬁééoﬂ?ﬂi | 100 g#¢ &if yhide watewl wamate- 15

cont ai ni ng nel am pe-f or de co densate] as used in Preparation
Exanmpl e (D1) ((ton Eﬁ*ﬂ?d;?ﬁ'ggySSF ﬁ sul fonated anino resin), 700 g

hlar £y oot o % 50 ® hon unstE GHLEE LOMMAH (rEQRGN SN 8
W th through quantitative filter paper having a dry weight W,

g, and after the filter paper was dried, the weight of
the filter paper W, g was measured. W, - W, represents

10 the weight of the fines in Y m¢ of white water drained
through a wire screen.

® The ratio of the fines obtained on the wire screen

to the total fines in a papermaking stock, namely the
retention of fines Z(%) is given by 2 = ((GxF)-

15 {10,000(W,-W,)/Y))+(GxF)x100.
(vi) Measurement of the retentions of fines and the
results

The ratio of the total fines in the papermaking

stocks (o) prepared in preceding step (ii}, F, was 35

20 wt3. When nothing was added to the papermaking stock,
13.5 wts of the fines was retained.After Cl or €2, and
Dl, D2 or D3 were added to the papermaking stocks.in the
amounts as shown in Table 1, retentions (%) of fines were
measured. The results are shown in Table 1. 1In Table 1,

25 the amounts of cationic starch (Cl) and cationic
polyacrylamidé (C2) are represented by solid content

weight § to the total solid amount of cellulose fibers



20 a reflux condenser, a stirrer and a thernoneter. The total solid

content of the mxed solution of the = sulfonated anmino resin.and
mel am ne was 7.15 wt% the wei ght ratio of nmelam ne/the sul fonated
am no resin was 10.9, and the pH of the m xed solution was 9.60. The
25 m xed sol ution s allowed to react by heating at 98[err]C for 6
hours and coolv@3 m xed sol uti on becane t ranspar ent FCTA 835
during the heating, but it was not - WD 96/ 34027

PCT/ JP96/ 01043 - 43 = 38 - tinged with

col | oi dal color and renai ned transparent even after 6 hours of

heating. On coolipgyytdia {?&(;?F atd Qﬁgpgﬁ?anicsﬂ)f‘i?f %é&ti%];%)t.ﬁﬁg‘rl%o

wi th a consi derabl e anmoun ne separatl ng out,

uni f orm conposi t camodnt®| ot i e Wrodabta(pEy. tdNEDSPRSBLd e Hg%efgic't%‘iﬁﬂ
u , u

W th- col | oi dal col or, which showed formation of a prod
the weight ratio afsukfonsted sulihonzesiinaandoan emiins rgroup-contaipiaguct
was 3. 0. EXAMPLE 1 10 (i) Preparation of pulp slurry

A
sof twood kraft dr§ubstaReR¥ens Fepresenkad by solid eppimntk wedghdr ¢ to
br eached I A2 r i as cellulose fihers (A). 90
g of the ggf !to \ﬁgodétkéﬂg‘?cfet%lrj%%a;igg@ﬂgﬂnbu?ﬁ f##ulaﬁﬁf erf?& )opndh$A2)
hardwood kraft drandr@aclifstdadie €47le¥Chsterial (B). As for Examples 2

to 21, the retentions (%) of fines were measured

similarly.



added to 25 kg of water, and left in it all day |ong. These pul ps were

beated in a | aboratory heater to a freeness of 350 nferr] according to

Canadi an standards to obtain a pulp slurry. 20 (ii) Preparation of
aqueous paper maki ng st ocks Heavy cal ci um carbonate (Bl), an
agueous al um num sul fate solution (B2) and kaolin (Chin l.ay )
wer e supﬂfqm inorganic filler materials (B), and a &éf"ﬁyamﬁ% si ze
(E) as an organic filler material. 25 [err] To the slurry of pulps
(Al + A2), the heavy cal ci um car bonate {8L), water and sulfuric acid
wer e added to obtain a neutral aqueous papermaking stock ([err])
WD 96/ 34027 , PCT/ JPg%/ 01043 - 39 -
having a pul p content of O. wh%ea deawy wal e um = ccamponat e content
of 0.15 wt% and a pH of 7.18] & w &ere] F0 dheesl & rw ofo pw ps (Al +
A2), the aqueous al umi gmSulPat® 81 uPi o (B2) ® k&I ™ &hina cl ay:
B3), 5 arosin size (HE), ter and sulfuric acid were added to
prepare an aqueous papermakippg stock ([err]) of pH 4.5 having a pulp
content of 0.35 W% a ka'glj,m content of 0.15 wm % a alum num sul fate
(octadecahydrate) content_ o0f[0. Q033 WX & rgsi R sige. fonyent of
0.0015 wt%and a kaol i n/ p“|E ightSragi os0f=0. 43 W %: = (iii)
Preparati on of aqueous sogugiwons of cationic pol ymer s (8)
9
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As cationic polymers (Q),

cationi zing potato starch,
starch (Cl) was prepared. The

substitution W%ngz‘l
[ er

respectively.

to obtain an aqueous sol utiogn

ingredient. 25 (iv) Addit§q

pul ps (Al + A2), additives g

aqueous al um num V@
.u

PCT/ JP96/ 01043
(B2), kaolin (China clay: IESSi
were added to prepare aci dig
addition of a cooki'®gu

cationi zed with quaternary Siman

P andss

a cationic polyacryl am de§(
(D5) obtained by reactin

gr oup- cont ai ni ng
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Example

a cationic starch (Cl1) and

polyacryl am de (C2) _as.described below were _15__supplied..
a 0.5 wt % aqueous i

cationic starch (Cl) were 0.35% and
r] A comrerci al
was as a floccul ent for papermaki ng stock in the form of
containing 15 wt % of the active ingredi ent-ws ~

bn net hod

5ol uti on of cationic potato starch (Cl)

Component C component € Component D ¢

a cationic
—terr] By
solution of a cationic

ni trogen content and the degree of
0. 042

RCTIRIHRZ, 1
a slurry
diluted with pure water

containing 0.5 wt % of the active
To the slurry of beater

wsugh ms heamy wal @i ua caf b(wat e (Bl),

cationi c pol yacryl a

an

960‘34-02%\ n - r-l ™ N "
a ® &4 .0 O fNyyfate solution
and, if necessary, a rosin size (El)

Af ter
5

U bl i de, €N SqUAOUS sol uti on of
(% o S S RtRe goducts (D1) to
I

and neutral papernmaki ng stocks.

utgors S <

sulTonat&d & @ r@si® afd an anmi no

D4
D5
D5
D5
D4
D4
D4
D4
D4
D4

1.0
1.0
1.0
1.0
0.08
' 0.08
0.08
0.08
0.08
0.08

Cl
Cl
Cl
Cl
c2
c2
c2
c2
cz
c2

7.1
7.1
7.1
7.2
7.1
7.1
7.1
4.5
4.5
4.5

12
13
14
15
16
17
18
19
20
21



substance in the preceding Preparation Exanples (D) to 10 (D5), these
st oeks were sheeted, and-the.retention of —fines was neasured. (v)

Met hod of measuring the retention of fines The retention was
measured as follows in accordance with a Dynam ¢ Drai nage Jar Test
Met hod (which is also 15 called a Britt-Jar Test Method) disclosed in

Tappi ( BrvdderadgaWV . Tappi, 56(10), 46-50, 1973). rChoéni0dd e
total concentrations G wt% of the pul ps (A + A2) and inorganic filler

materials (Bl) to (B3) in the paper maki ng stocks were accurately
cal culated. 20 [err] After a surfaagart was added to make passage of
the fines easy, a papernaking stocks was filtered on a 200-nesh wire

screen. The re dM?ﬁhd%iv@h%xﬁﬁ?ﬁﬁQslVEE;9 wei ghed to calculate the
ratio F mﬁ@bofnq% total fines whi ch passed through the wire screens

to the total of the iRTomparativedEkample |1 crthentretieaksohnwa$angiiaredki ng
st ock. The total fine concentrations of the papermaking stock is

expressed as XMy Gsimg/a papermaking sigyckidz) itself. In Comparative
PCT/ JP96/ 01043 [err]-1) 500
nerr] of a papB%amRles & &ek4naiehbentirrs dd &f f’-“esj ‘&?f%trﬂPaﬁqrﬁdeé“at a

(o2t onal Shecchel Sl BAMhel"Se tp, el BEBRRE EhFE 4M S K o
starch (Cl1) products (Dl) to (D5) obtained by reacting a sulfonated

amino resin and an amino group-containing substance were
added. 1In Comparative Example 5 to 9, retentions (%) of
fines were measured in the same manner as in Example 1

10 except that instead of the products (Dl) to (D5) obtained
by reacting a sulfonated amino resin and an amino group-
containing substance, an agqueous sulfonated amino resin
solution {an agqueous solution of a sodium sulfonate-—
containing melamine~formaldehyde condensate (SMF), which

15 was a colorless transparent solution having a specific
gravity of 1.214 {measured at 20°C), a pH of 8.50, a ,
viscosity of 23;9 mPa+S (measured at 20°C), an electrical
conductivity of 31.00 mS/cm, a solid sulfonated amino
resin content of 32,9 wts (eonfaining 14.4 wts as

20 melamine), a formaldehyde/sulfonic acid molar ratio of.
3.6, a free formaldehyde concentration of 0.7 wts
(measured by titration), a formaldehyde/melamine molar
ratio of 3.50, an average molar weight of 15,000 and a
transmittance (L value) of 99.8¢] was used. The results

25 are shown in Table 2. 1In Table 2, the amount (solid
matter) of the sodium sulfonate-confaining melamine-

formaldehyde condensate (SMF) was represented by solid



5 (starch concentration 0.5 wt% was added, and 30 seconds after the

begi nning of the timng, a predetermned anount af—a solutionof one
of the products (Dl) to (D3) obtai ned by reacting a sul fonated am no
resin and an am no group-containing substance in Preparation Exanpl es
*(resin concentration 0.5 wt% was added. 45 seconds after the
begi nni ng of WR&B% ng, drai nage was started, and whi t ECRAPS01043
collected for 30 seconds. The vol une of the collected white water Y
nMerr] was neasured. A 200- mesh mhqusgreen was used, and the
di aneter of the drain 15 mas controlled o that about 100 nerr] of white

wat er was drained in,3 P%P nLerrl of a
paper maki ng st ocFOREEDE ¥EAg tlﬁt5° the t?%ﬂlzﬁﬂ} &t P LULPSRal
speed of 1,000 r ft I a
predeternined Q%ﬂ&%nn ﬁ%’o?ng.ghmfooaqdé%ﬁgkggFﬂélo?i%#§5a§§g§?231

pol yacryl am de (@), was added. 45 seconds after the begi nning of the
timng, a predeternlned anount of a sol utions of the products (D4) or
(D5) (resin concentration 0.5 w9% obtained in Preparation Exanples
25 by reacting a sulfonated am no resin and an am no group-

cont ai ni ng substance was added. 60 seconds after the begi nning of the
timng, drainage was started, and white WO 96/ 34027

PCT/ JP96/ 01043 - 42 - wat er was

collected for 30 seconds. The vol une of the



collected white water Y nferr] was neasured. A 200-nesh wire screen
was used, and the dianeter of the drain was ———cont+ol | ed se—that—about—-
100 nferr] of white water was 5 drained in 30 seconds. [err]
Each white water collected in [err] was filtered t hr ough

gquantitative filter paper having a dry weight Werr] %W&;r t he
filter paper WQ96302%d, the wei ght of the filter paper rig was
nmeasured. Werr] - Werr] represents 10 the weight of the fines inY

nerr] of white water drained through a wire screen. [err]
The ratio of the fines obtained on the wr&8streen to the total fines
i n a papernaki ng stock, nanely the retention of fines Z(% is given
by Z = ((Herr]P)- 15 (10,000(Werr]-Werr])/Y))+(GxF)x100. (vi)
Measurenent of the retentigps of fines and the results The
ratio of the total fines i@|the papermaki n%h stocks ([err]) prepared in
preceding step (ii), F, was|3% 5 w R ef nBt hYongSwas added to the
paper maki ng st ock, 138p R vDf L hdlf iDesQwe® r@t aBned. After Cl or C2,
and D1, D2 or D3 wereghdded to the papermaki ng stocks in the
amounts as shown in Table ®! retentions (% of fines were measur ed.
The results are shown in Table 1. In Table 1, 25 the anounts of cationic
starch (Cl) and cati oni co pol yacryl am de (C2) are represented by solid
cont ent wei ght % tautie total solid dBoumt of oeltwul ose fibers
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WD 96/ 34027 PCT/ JP96/ 01043

- 43 - (A1) and (A2) and an inorganic fitler material (B).—Fhe——
anounts of the product (Dl) to (D5) obtained by reacting a sul fonat ed
am no resin and an am no group-cont ai ni ng substance were represented
by:solid content weight %to 5 the total solid anmount of gﬁé@ﬁé@&ﬁ‘ | bers
(Al') and (A2wo096/34022nd an inorganic filler material (B). As arrp%es 2
to 21, the retentions (% of fines were neasured simlarly.

WO 96/ 34027 - 49 -

PCT/ JP96/ 01043 - 44 - [err] [err]
v[226{34027 {vii) Drainage measurement and theF¥£gﬁ5R%P/01043

® An aqueous papermaking stock («) prepared in the
preceding step (ii) was diluted with water to a total
concentration of pulps and filler materials of 0.3 wtk.

5 1,000 g of the diluted papermaking stock was stirred at a
rotational speed of 1,000 rpm, and 15 seconds after the
beginning of the stirring, 6 m¢ of a 0.5 wty aqueous
solution of a cationic starch (Cl) was added. After a
predetermined period of stirring, a 0.5 wt% agueous

10 solution of (Dl) obtained in Preparation Example 1 was
added, and-'the papermaking stock was stirred for 15
seconds and immediately, the drainége (m¢) was measured
by using a Canadian Standard Freeness Tester. 1In
Examples 22 to 26, the amount of (Dl), to the total

15 amount of pulps and filler materials, was varied as shown

~in Table 3.

® An aqueous papermaking stock («) prepared in the
preceding step (ii) was diluted with water to a total of
pulp and filler material concentration of 0.3 wts. 1,000

20 g of the diluted pépermaking sfock was stirred at a
rotational speed of 1,200 rpm, and 15 seconds after the
beginning of the stirring, 3 mé¢ of a 0.08 wty aqueous
solution of a cationic polyacrylamide (C2) was added.
After a predetermined period of stirring, a 0.1 wt$

25 aqueous solution of (Dl) prepared in Preparation Example
1 was added. Immediately after 15 seconds of stirring,

the drainage (m¢) was measured by using a Canadian



[err] WO 96/ 34027

PCT/ JP96/ 01043 : - 46 COVPARAHVE——
EXAMPLES 1 to 9 In Conparative Exanple 1, the retention was
measur ed by using a papernmaking stock ([err]) itself. In Conparative
Exanples 2 to 4, retentions (% of fines were neasured in 5 the .;sane
manner as in WOHHMMSR71 except that none of the productsPFEﬂ?MpHM?DB)
obtai ned by reacting a sul fonated am no resin and an am no
group- cont ai ni ng substance were addedgg In Conpar ative Exanple 5 to 9,
retentions (% of fines were neasured in the same manner as in Exanple

110, except {hat st 89 alndole s ANC! Sh Do Py QU yiedne DY

reacting a sulfo am’no resin-and an amno g _ orft ai ni ng
substance, an aqugeust So f @IL,eEcAkhBOLHEEL Namount B8 HHeOBuUlPs anueeHs

solution of a sodium sul fonate- cont ai ni ng nel am ne-tor mal dehyde
condensat e ( SMVF) £iber matidrialas wascvhoikdsastshowpadreMabde 3t.i on having a
specific gravity of 1.214 (measured at 20[err]C), a pH of 8.50, a

viscosity of 23.9 nPaferr]S (measured at q@1ergl C), an electrica
conductivity of 31.00 nS/cm a solid sulfonatea am no resin content of
32.9 wt% (comtaining 14.4 w%as 20 nelanine), a formal dehyde/sul fonic

acid nolar ratio of Rotational Amount of
speed component Drainage

Example (rpm) Component C Dl (m¢&) (me)

22 1000 Cl 0 530

23 1000 c1 0.6 635

10 24 1000 c1 1.2 675
25 1000 _ cl 1.8 _ 685

26 1000 Cl 2.4 698

27 1200 c2 0 558

28 1200 C2 0.6 671

15 29 1200 C2 1.2 669
30 1200 c2 1.8 705

31 1200 c2 3.0 713

Table 1 shows that the papermaking process of the
20 present invention enables cellulose fibers (A), an
inorganic filler material (B); a cationic polymer (C) and
a product (D) obtained by reacting a sulfonated amino
resin and an amino group—-containing substance to
flocculate satisfactorily in a papermaking stock within a
25 neutral pHE range, and therefore can attain in good
retention during sheeting. 1In addition, increase in

retention with increase in the amount of component (D)



 sume

3.6, a free formal dehyde concentration of 0.7 wt% (measur ed by
titration), a fornmal dehyde/ nel amne nnlar ——+atio of -3-50, an—average

nmol ar~ wei ght of 15,000 and a transmttance (L value) of 99.8% was
used. The results 25 are shown in Table 2. In Table 2, the anount (solid
matter) of the sodi um sul fonate-containing nelam ne- fgﬁg@*ﬂﬁﬁxge
condensat e (VEYB§3488% represented by solid WO 96/ 3

PCT/ JP96/ 01043 - 47 - content weight %to the
total solid amount of cellul ose fibeLsggAl) and (A2) and an inorganic
filler materi al - WD 96/ 34027

PCT/ JP96/ 01043

[err] indicates that component (D) acts as an effectivéd® -

retention aids in the above compositions. The freeness
tests in the above Examples proved good drainage.
Table 2 shows that when only components (A), (B) and
5 (C) were added, and component (D) was not added, the
retentions were from 38.0 to 46.0%. When a sodium
sulfonate-containing melamine-formaldehyde condensate
(SMF) was used instead of component (D) used in the
present invention, the retention was from 48.0 to 51.5%,
10 and good retention was not attained by using an agueous
papermaking stock within a neutral pH range. In
Comparative Examples 7 to 9, even if the amount of SMF
was increased, the retention did not exceeds about 50%,
and therefore still higher retention can not attained
15 with respect to a composition containing SMF. Similar
freeness tests of the papermaking stocks of Comparative
Examples 7 to 9 did not give good results.
When component (C) was added alone or in combination
with SMF to an acidic pépermaking stock having a pH of
20 about 4.5, good retention was nét attained. But when
components (C) and (D) were added to the acidic
papermaking stock, retention was improved.
In the present invention, retention can be improved
satisfactorily in sheeting an acidic papermaking stock
25 having a pH of from 4 to 5.5 or a neutral to weakly
alkaline papermaking stock having a pH of 5.5 to 10.



WO 96/ 34027 PCT/ JP96/ 01043

- 49 - (vii) Drainage neasurenent and the results [err] An
aqueous papermaki ng stock ([err]) prepared in the preceding step (ii)
was diluted with water to a total concentration of pulps and filler

materials of 0.3 wm% 5 1,000 g of the diluted papermaki ng stock was
stirred at a WO96/34037 at i onal speed of 1,000 rpm and 15 secoRGEIEISHOEM3t he
begi nning of the stirring, 6 nferr] of a 0.5 wt % agueous solution of a
cationic starch (Cl) was added. After a _ predeterm ned period of
stirring, a 0.5 wt% aqueous 10 solution 8? (D) obtained in Preparation

Exanpl e 1 was added, and the_papernaki ng_stock was stirred for 15

seconds and i medi ately, the draﬁﬂsggz¥ﬁ%ﬁ+££$§5ﬁé§;&555red by using a

Canadi an Standard Fr e e : 2 unt of
SRRt Soudfhes by, FRARFASS, L2alfedfecdd il

(D1), to the total oun mat er | was varied as

shown ~in Tabk8id and an amind YrohpAtoAtHEAVAg PSES tlid GBStk ([err])
prepared in the preceding step (i1) was diluted with water to a total

of pul p andptebeat fnventidn aotscasr at rehentidn 3aid %n ;8 000 20 ¢ of
the diluted papermaking stock was stirred at a .rotational speed of
1,200 rpm arsl 1papetsakingfiprocessc comprigdggnahegting ian agueausng, 3

(62) vias added. PaPEIRRKCRY ootaely SERERIRIAT P TRRCHE AR EE 0 0 1 we 6
25 aqueous sol UpLeRyPbsb DRin £ AN dn! InBEGRAIA £ O & AWM et 1a1,

followed by removal of water and drying, when used in
combination with a cationic polymer such as a cationic

10 starch, a cationic polyacrylamide derivative, an
amphoteric starch or an amphoteric polyacrylamide
derivative. In the present invention, when a cationic or
amphoteric polymer and a product obtained by reacting a
sulfonated amino resin and an amino group-containing

15 sSubstance are added to an agqueous papermaking stock,
cellulose fibers, an inorganic filler material, the
cationic or amphoteric polymer and the product obtained
by reacting a sulfonated amino resin and an amino group-
containing substance form flocks in the papermaking

20 stock, and the strongly bonded flocks are tough enough to
resist the actions by impurities, electrolytes, shearing
force and the like in the papermaking stock and
cohsistently leads to improved retention and drainage in
sheeting step. From the improved retention and drainage,

25 enormous advantages in a papermaking process such as
improved productivity for the finished paper, reduced

cost for treating white water, more efficient reuse of



1 was added. Immediately after 15 seconds of stirring, t he drai nage

(nferr]) was neasured by using a Canadian ———— WO 96/34027
PCT7 JP96/ 01043 St andard Freeness Tester. In Exanples 27 to 31, the
anount of (Dl), to the total anount of the pul ps and the filler
mat-erial, was varied as shown in Table 3. .
Tabl e 3 WO 96/34027 Rot at i onal Amount of PCT/IP96/01043
speed conponent Drai nage Exanpl e (rpm
Component C D1 (n[err]) (nferr]) g3 - 22 1000

C1 0 23 1000 C1 0.6
225 10 1000 %ﬁxte wﬁ%??oreducf Qeg% energ§5réq&ired in-tqg% drying ;409
Cl 2.4 8 3 ing mach 0
558 s§§p. afd ﬁﬁﬁﬁ?ved durgb%%xty of ﬁgﬁgf%akzng 67fngﬁ5can

29 1200 be deriv@d. Furthek,2the £iniSh8d paper obtaiikd by the200
C2 1.8 705 31 1200 C2 3.0
713 Papeemak Engpracess ofe thappreaknhgipvertien dias lgpod20
present invention enables ce) l.ul os fiberi SA% n - i norggnic filler
material (B)5 aSEEERYHR PHN ) agngmin ssg?bd%f"t( 552 reagepy

reacting a sul fgpalgdk A0, paped Shele3dnd"1 8 L R0 P EHE GO Y11}

substance to
and formation.

The product obtained by reacting a sulfonated amino
resin and amino group~-containing substance can be used as

10 a dispersant for inorganic powders such as refractory
powders and pigments and for organic powders such as
phenol resin powders and, as an anti-dusting agent for
various powders such as a silica powder, and as an
antistatic agent for paper, fibers, plastics and f£ilm.

15 The product obtained by reacting a sulfonated amino resin
and an amino group-containing substance can be used as a
water-reducing agent for concrete and for gypsum and an
admixture for the earth pressure shield tunneling method,
and can be used in combination with a silica sol, as a

20 grout agent, as a flocculant for clarification of waste
water, as a flocculant for molding inorganic fibers and

as a gelling agent.
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Simlar

The product according to Claim 1 or 2, wherein the

amino group-containing substance is melamine.

A process for producing the product as defined in

any one of-Claims 1 to 3, which comprises mixing an

aqueous sulfonated amino resin solution and an amino

group-containing substance in a solid content weight

ratio of from 1:0.05 to 1:3 and heating the resulting

mixture at a temperature of from 50 to 150°C.

A sol comprising a liquid medium and particles of

the product as defined in any one of Claims 1 to 3,

having a primary particle diameter of from 1 to 100 nm,

the ligquid medium.

A papermaking process which comprises sheeting an

agueous papermaking stock containing cellulose fibers

(A), or cellulose fibers (A) and an inorganic filler

material (B), followed by removal of water and drying,

wherein a cationic or amphoteric polymer (C) and a

10 4.
15
5.
dispersed in
20 6.
25

product (D) obtained by reacting a sulfonated amino resin

and an amino group-containing substance, are added to the

aqueous papermaking stock before the sheeting.
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20 about 4.5, good retention was not attained. But when conponent s

(O, and (D) were added to the acidic . . papernmmki ng stack, retention was

i npr oved. In the pré&eﬁhwﬂﬁwéﬁmm@ aced ¢t ent i on can be i nproved
satiisfactorily in sheeting an king stock 25 having a pH of
from4 to 5.5 or a neutral to al i ne papermaki ng stock havi ng
a pH of 5.5 W0 9Q34027 34027 PCT/IP96/01043
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| NDUSTRI AL APPLI CABI LI TY The product obtained by reacting a

sul fonat ed am no resin and an am n® % oUp- cont ai ni ng substance of the

present invention acts as a retention aid in a S paper maki ng process
conpri sing sheet 7ag Fheapapewmaking prosesskacgordang b@rﬁbamrﬁ;y odidndisse
fibers or cellulose fi bers and an. i nagr | ] er, mter

fi
fol | owed by rermo¥he BP W&?'éra%mFﬁﬁ %ggghgeﬁaﬂf’mc %m*&?éﬁraﬁ with
a cationic pol y”g(:aﬂ! Sca?tfo@xtl'co%caﬁaégoté}f&c olcia&gla‘?ﬁ'

pol yacryl am de déerrva fve errc st an anphoteric
pol yacryl am de geridgtive} 'é’Q:at'iGntiEeoEr Sﬁﬁﬁétéf‘l’@fﬁdﬂngd&e% a cationic

or anphoteric polymer and a product obtained by reacting a
sul fonat ed an§ nopokgdimethyramintethydr mephaonykate N(a pkilyethyleaeimiaee
added to an aqueous papernak|ng st ock, cellul ose fibers, an inorganic

filler material, at pelyamidepolyemingrepighdotohydnin \Kasingn @1 RemixSUTEL

obt ai ned therecof.

8. The papermaking process according to Claim 6 or 7,
wherein component (D) is a product obtained by reacting a

10 sulfonated amino resin and an amino group-containing
substance in a weight ratio of from 1:0.05 to 1l:3.

9. The papermaking process according to any one of
Claims 6 to 8, wherein component (D) is a product
obtained by reacting a sulfonated amino resin and an

15 amino group-containing substance in a weight ratio of
from 1:0.05 to 1:3, and it is used in the form of a sol
having particles of the product having a primary particle
diameter of from 1 to 100 nm dispersed in an aqueous
medium.

20 10. The papermaking process according to any one of
Claims 6 to 9, wherein the sulfonated amino resin used
for the preparation of component (D) is a sulfonate-
containing melamine~formaldehyde condensate.

1l. The papermaking process according to any one of

25 Claims 6 to 10, wheréinlthe amino group-containing

substance used for the preparation of component (D) is

melamine.
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by reacting a sulfonated am no resin and an_am no group- cont ai ni ng
suhstance formflacks in the papermaking 20 _stock and-the strongly
bonded fl ocks are tough enough to resist the actions by inpurities,

el ectrol ytes, shearing force and the like in the papernmaki ng stock and
consistently leads to inproved retention and drainage in sheeting
step. Fromthe inproved retention and drai nage, 25 enornous advantages in
a paper maki Bﬂgﬁgbs such as i mproved productivity foPCRIRE6RI0MR shed
paper, reduced cost for treating white water, nore efficient reuse of
WO 96/ 34027 PCT/ JP96/ 01043

- 53 - white water, reduced heat ellre,{r]gy required in the drying

step, and inproved durability of papernaki ng nachi nes can be deri ved.
Further, the finished paper obtained by the paper maki ng process of the
present invention has good 5 strength by virtue of an am no resin, which
can increase strength of a paper sheet, and is excellent in quality
and formation. The product obtai ned by reacting a sul fonated am no
resin and am no group-containing subst aftck anXbe used as 10 a dispersant
for inorganic powders such as refractory powders and pignments and for
organi ¢ powders such as phenol resin powders and, as an anti-dusting
agent for




var_-i"Sus powders such as a silica powder, and as an antistatic agent )
far paper, fibers, plastics and film 15 The product obt ai ryggh | EMBﬂCSHEﬂ'

a sul fonated anm no resin and an am no group- cqntat T
be used as a wat er -reduci ng agent for concretq gYE (] ‘gn hd
admi xture for the earth pressure shi.el d5¢unneling rfe scnpu PRl (HEASSC
used in conbination with a silica sol, as a 20 grd 3) - o4 Paged .27to paged .25
floccul ant for clarification of waste wat er, gds EhDF*P‘Y)‘éSW aRegedor- to paged .=
mol di ng i norganic fibers and as a. ing agerft O Abstract  :paged .. to paged

- CLAI Ms: 1. A product obta&l‘@%&y '

reactijng a
sul fonat e-contai ni ng nel am ne-fornmal deyde condensdt ©ATHE (yplmm !1 %.JU\.‘ '998

weight ratio of Acfhﬂfaujct %ﬂi:iih@dlb§ readting a sl

product as defined in Claim1, which conpri ses‘m‘m‘n'g—a‘r'a‘qveo'trr‘

sul f onat mmmﬂmmmmeeonadedwme&andnasmaa sdiighitoragild of
melamne 1n a solid content weilght ratio of from1:0.05 to 1:3 and heating

t he resulfiramy 1 ni0t0Pr &oafl:d .t enperature of from50 to 150[err]C. 3. A
sol conprising a i qui d medium and particles of the product as defined in
Gaim1, paving a prirmry 8artichee Bl rodhcl o0 dod el Bradhoper s

which comprises mixing an aqueous sulfonate-containing melamine-

formaldehyde condensate solution and melamine in a solid content

U weight ratio of from 1:0.05 to 1:3 and heating the resulting

mixture at a temperature of from 50 to 150°C.

3. A sol comprising a liquid medium and particles of the
product as defined in Claim 1, having a primary particle diameter

of from 1 to 100 nm, dispersed in the liquid medium.

4. A papermaking process which comprises sheeting an aqueous
papermaking stock containing cellulose fibers (_A) s Or cellulose
fibers (A) and an inorganic filler material (B), followed by
removel of water and drying, wherein a cationic or amphoteric
o polymer (C) and a product (D) obtained by rgacting a sulfonatad'
amino resin aﬁd an amino group-containing substance, are added to

the agueous papermaking stock before the sheeting.

5. The papermaking process according to Claim 4, wherein _the'
polymer as component (C) is a cationic o::: amphoteric starch, a
cationic or amphotez_‘ic. polyacrylamide derivative, a cationic or
amphoteric guar gum, a polydimethylaminoethyl methacrylate, a
‘polyethyleneimine, a polyamide-polyamine-epichlorohydrin resin, or

a mixture thereof.
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4. " A‘papermaki ng process which conprises sheeting an aqueous
paper maki ng stock containing cellulose fibers (A, or cellulose fibers (A

and an inorganic filler material (B), followed by rem)v? %@E@T g;lr
drying, wherein a cationic or anphoteric polyner (C and a pr S?I
obtained by reacting a sulfonated am no resin and an am no
group- cont ai ni ng substance, are added to the aqueous paper naki ng stock
before the sheeting. 5. The paperBfBki ng process according to C ai m4,

wherein the polyner as conponent (C) is a cationic or anphoteric starch, a
cationic or anphoteric polyacrylam de derivative, a cationic or arrphot eri C

guar gumg a pOlﬁﬂL g%:%gk y§¥$c£§§*E%H8@a§ES tﬁ]fﬁ%#%%ngl HoPEin @

poI yam de—pol yam ne-e rrnresin

Bone'ﬂte (BRPELS "R priddiuR 05K 6811068 BydirBEct fn @'a@l‘boﬂ&t@d Mﬂi@' !
conponent (D) is a product obtained by reacting a sulfonated am no resin

and an antexdirgandpanoahbngigupupHiicartad ningasubtgite riaf isowefightr satio oS5 to
1: 3. 7. The paper maki ng process according to any one of Clains 4 to
6 wher ei rExsohdoife® ¢B) 1ir3-.a product obtained by reacting a sulfonated

am no resin and an am no group-containing substance in

7. The papermaking process according to any one of Ciaims_g_to

6 _wherein component (D) is a product obtained by reacﬁing a
B ..sulfoﬁated amino resiﬁ and an ;ﬁiho group-containing substance in
Jt&“/ a weightiratio of from 1:0.05 to 1:3, and it is used in the form
| . of a sol having particles of the product having a primary particle

diameter of from 1 to 100 nm dispersed in a agqueous medium.

8. " The papermakingfprocesé according to any one of Claims 4 to
7, wherein the sulfonated amino resin used for the preparation of

component (D) is a sulfonate-containing melamine-formaldehyde

condensate.

9. The papermaking process according to any of Claims 4 to 8,
wherein the amino group-containing subtance used for the

| preparation of component (D) is melamine.
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a weight ratio of from1:0.05 to 1:3, and it is used int m a sol
having particles of the produel having a prinary partldeq%ﬁ(’gﬁ}! r}erbof from.

1 to 100 nm di spersed in a aqueous nedi um 8. The paper maki ng prpmeds
' accordl ng fo any one of Clainms 4 to 7, wherein the sulfonated gano rese#
used for the preparation of conponent (D) is a sul fonate-cont gSe)

nmel am ne- f«or nal di%% conde ALPRO o&ﬂﬂﬂﬁ&ki ng prl

accordi ng -t.o any ainms 4 t e am no group-con ni ng
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