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ABSTRACT

Starch dissolved in paper-mill wastes, either as a result of poor retention on the paper web or recy-
cling of surface-treated broke, was a major pollutant. Laboratory tests were performed by using dif-
ferent kinds of starch as a surface treatment. It was concluded that the use of cationic starch can pos-
itively affect the level of starch dissolved in liquid effluents. When cationically modified starches were
used for surface sizing, the starch was tightly bound to the paper fibers, it was not removed during the
repulping of broke.

The result of mill trial in fine paper manufacture for the application of low-viscosity cationic
starches used in size press reduced COD load in the effluents and increased One Pass Retention. It had
been found that when cationic starch used as a surface sizing agent, more starch was retained on or
near the surface of the sheet than with conventional oxidized starches. Thus surface strengths and qual-
ity were improved. In addition it is possible to maintain the desired level of starch penetration into the
fiber net and improve porosity, opacity and brightness. In contrast, in most cases, dusting problems are
notably eliminated.

Cationic surface sized starch improved black and color ink-jet print quality in terms of feathering and
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optical density of the print image. These improved properties were believed to be due to a combination

of fiber bonding and surface orientation more uniform starch concentration on the paper surface was

resulted. Moreover cationic charges in the paper surface lend themselves excellently to fix ink jet ink

anionic in nature.
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Fig. 2. Cationic modification of starch.

HE B 73S Adu), AP RS Ak 9 B gt Table 1. Specification of starches

S-lo] HhSShe 5t MR EANE BB (e Oxidized

AR AL 729 (carotene), AFEH (xanthophyll) Properties Cationic starch starch

4 2 (gluten) ] FH=E F7HIA S 3 Al A P —
- ppearance witte powder whiie powder

Ao A % a2 Arol w7} AE )t f

o °,°ﬂ 101]1?173% H}o“] o ﬁiﬂi ° ;“O?' o Moisture(%) 12+2 12+2

 Fig. 28] P4 W3 7]7o} ol 4 Wi 3t pH(10% sol.) 6.0~8.0 6.0~8.0

?‘5:}%% 0]%—6]‘0:] ;ﬂ?‘:_l"oﬂ oc}:O]‘S? ‘?:]_'%“7]%‘ X]%}-b‘]—?j Brookfield viscosity

o} ? B x|gE ofol2 aFof o HE Aot (at 50°C, 10% conc., cPs)  7~11 7~11

rE Y] 20|79} o] 27k 23S AUl o] A Degree of substitution ~ 0.017 £0.005 -

TE AT = Uk b FAHRLE EH AL

A HejA] W] = MHeoke] Mo Q| £

o inzo] g meh EW AEsL AR Bek B o) AR oz sole) WA PAE st A

o} EgE ofold x|FH7]ol os| i wolje) opda A of YAAs| HehE by wEof s Hw QA
o] F4=u(Fig. 3), repulping Al HZof FaF|o]
AE EREE Y+ AUt Fig. 3& A& 5% 30%

e AN zoje] ok W] HE Hw WS TYzz
* Oxistar
350 :J;:‘r’zm #3050 %0 LieRd 7;10]\:}- Table 12 2 A3 o) AMEH AFSLAE
g 3 AR F Fold,
70
=y
;; 60 6
wE 2.2 ME S HME Y HE &3
>
3 ARL A SRS 17% FE2 95T 0|4}
0 ol X oF 208 7+ 33} & 792 3 AELIL 120meshs
SiAA BLES AAT T AES GO HE 59
01 3t et 9‘1 i21 L;( lél 211 2-‘“ 2;( 301 33‘1 3;( 391 -IZ‘I 0 % a}-/\]‘olg a—?—l% %—SH 7:“—{‘7\_ ‘i‘il‘_'%q'.
Time(min) g el Am= dd A=A (Brookfield

viscometer, Model DV-1)E ©]-4-3}o] 60rpmol A

) D
Fig. 3 Variation of RVA chart of the starch. - _ s
14 8 o|83tel Zatxuct,



2.3 B3 Ato]F 2

22)7] $E 9F 400m/min®} WA} A& & Abof A]
Z= gei(pond type)d] Ato]= ZAE 0|85l
Aol A2)E AAEHT ojn) WE =AFS T
0.5g/m?o| ¥=& x@stqh,

2.4 s 2M
2.4.1 HE HEE 53

FEF 60g/m*e] Fo|F AMEsto] ET MY A¥
Ag Afo] = ZY AS 0] gsto] REF 4~5g/m OE
Ao A 2|3t & Tappi Test method T 205 om-—
ggof o1Asted 10 & 24 g9 ARE A=s}o] 6.5er
o] zztog A AL Fof 70T 2Eof|A oF 14]
7b ZoF ARAZ] T 7oA 1% F=& dff2skil
0.7%2 3)A35te) W4g ATt

i A oo TaE HE ke @t HAHS o]
gste] Z2Aslgich 2 W 0.0IN 225 &,
0.2%, KI 2%)& U= F A& 5% 0.01%, 0.1%, 1%
goloz AzkAg 23t & W= { 5mlE 0.0IN &
o gof 3ml¢} BHS- A7 3 660nmeollA SFEE
ZAsto] HekAof dYste] A5} A2 F5F
shc} mpAjof EA5Hs HE Frot w4 i v
o] A2 AR BREE g3t

2.4.2 COD X One pass retention &3

w0l COD+ Merck photometer SQ 1189
mothod No. 275 o]|&3}9 CODE &5t
OPR(one pass retention) %2 i =3r2(H/B) A
Folwao w2 Z‘]ﬂ»’é‘_‘r_EZ]___ﬁ_}!l‘ﬂ_%ig_
Atste] OPR o2 Zg-shelrt,

Fo] B9 HE BEE=E ZH5Y] Al Fol
0. OlN 82E SN(1, 0.2%, KI 2% @3sto]
< S| AR %‘Z e e B

Cole T Bz . Fo|7|% 34(2) 2002

N2 B3 A T 95T FFAZ7](oven dryer)

%5 oz dAE
WA o} EEHA
—% zARstAch Ao WAL o9 ziHzt
(OPTRONICS A}, Magnafire)7F &2+=0] = 2.8
Wl & AZE ALgste] Fo| HHE FAsT Hlo}
B] BML [MT-structure oju)x| B4 Z2IHS

o]-&3} Tt
2.5.2 FAIEX} 80| Z(SEM) &E

A A ET FgRRoR Ato|A AYH FYF
120g/m?, AL w2 oF Tg/m?Q] Fol& 27 &
ale] ZAFAAE ) 74 (Leica—stereoscan440, EHT
20.0kV, WD 16mm) 2.2 Fo| ¥ T2,

2.5.3 B2H FAI MXtEH0IE #E

T2 FA ARAUA(CLSM, Confocal laser
scanning microscope) WS Y3l AL o
HFA B (ammonium persulfate #2] AE)a Arshd
B oo e 5315 & 30ppme] FFFR
(acridine orange) & 0]48te] o 8% FEZ
Hate] B 120g/m?e] Folo AE E=xF
5g/m’0] S=& Apolq A, F2H FA A
A#0 74 (Bio-Rad, MRC-1024)2 W& 1008 ) A
FHaskoith

2.6 50| 24 =3
2.6.1 22| EM

Tappi test methodell 2|7|5te] AEZUL A%
A=, 7125 FA5H

AE|ZUALE Gurley type A 8715 A3t &3
39T, AT EE T EEA7|(UT.ME °f

asle] ZAstglct 7% Gurley Densometers

AHgste] gl 314 S 100meE sto] ZA8HAT

W % (Brightness) 9 85 % % (Opacity)<
Elrepho 3300& o|-&ste] 48t



Fo] EW Alo]= T AL Mo Hgof T3t

26.3 X8 =d

AR 23 JEAGALAYTF ArsoA A
(pat 1005456)" &332 A=A 2| EEH %3
2 olgstodeh. A& AH =0 FolS Fot =S
A7 A Fo] EraolA A B HAM golzof
Hzsto] eloj Lo P FEE Aol AEHFE
Z43tsck
2.7 YIAME QMMM Tt

A A H7HE ¢lq Y2AE ZAE(Epson
stylus—IDE A8, Aed AaZ AMg3te]

2|9} ERirtold Helgl Fol Rl oo &y 7

Qlafaldt, Zhet <l2iA]l =22 WA (bleeding) &
#st7] 2184 HP deskjet 960C Zet J2A|
0} -8-3to] Al H}"*Oﬂ wr o2 fat
Hatdct, Aol AES FEATE o)
slod -E’,_—X]—Q] HZ:(area of letter)? S8 (perimeter
of letter)E ZAs AL Y2M F=A(D196
Densitometer) S ©]&-38to] &g o4 ] J=A
= (optical density)® &Hsch M F42 o
g 7} 2HOPTRONICS AL, Magnafire)7} A2
o] & 2.8u1& ARE AHESIYAL, dHlolE &4
IMT-structure ©]u|#| &4 *2 7128 o|-g8}Hr},

mlm

o -
3. a4 & uH
St} WAk A 2yl AHeeh Addate ohy
I} ek Aer)7ke 20014 3%. Bl 109 97hA) of
AL oI et
3.1 g 2o

Ao HEH 2719 HHL
Hez2 “1347‘15 AR EAE 7] YA deu?,
ol2|3t BAIZ s Fsl] YallAe HEo] ALt w1
9 XH%%’\] HI 4Gl F2F ook gttt Fig, 4= A
AR W PAARFIFEH) R Alo) AaE Fol
= v3ste] DDJE S8 olo] B gFg a0
vl A 9 oA Bl & gomogyiHo® &A% Aug

ZHo] AlshrEof vls) oF

Aol e o]

=N A

},H .»,H_L /H%_oﬂ \:HOH ol:/d

H Afo| =g Aio] WAz 2o w2l G - 5
35% AE e MEES Uenfyle ol PyHEst

By AG9oto] o]l ZAFlo] fLAAFNC R SE=RS b

AT HE oo At B} 7] zH Ao

= A2 3 S ek Aol
oA A2 el o 15 A A B4 L 4
o] ¢ ko] BB Aol T2 W4 9 4 Hel
ngi 295 gadl CODE BAT AT Fig. 5
ol e ATE PG 4 Agieh. Fig. 5904 B 5 9
£ A1) 38 208 R0l £UH ol 1083
74A] W4 CODQ| oF 19%7 Hastgi, ¥ COD
= oF 10% Washact, Wt %44 coD ks
28] ekt oot ol Aol A g

ke o B 1571004 Aol Ajol43 5
of g8to] ASH 2 ol ol 7] HEolet,

Eok PAAL Aol W2 OPR MakE 274 2
o CODMNS AT AFORA, BUAE )
sof £40] QN /17 S o 9% Yol F4 &

g "}EHH‘?JE} Fig. 6). ¢34 HR{%(One pass

90
80
70
60
50
40

30

Starch retention(%)

NS0.028

DS0.016

DS0.009

Oxidized starch

Types of starch

Fig. 4. Influence of starches on the starch reten-
tion on paper made of 100% broke(only
starch sized paper).

800

. « Effluence COD
700 . *« W/W COD
600 Tt
—_ . e T — L
E s00 R
2 . \
= .
g .
&) .
300
* % .
200 JET e, e T et e,
¢ s B . s K]
o
100 - .
0
2001-01-12 2001-03-13 2001-05-12 2001-07-11 2001-09-09 2001-11-08
Date(year/month/day)

Fig. 5. Variation of COD in recycle system by the
using of surface sized broke.



80
7
70
65 .
.
60 M .
55 L 2
.
50

45

One pass retention(%)

40

35

2001-02-20 2001-04-20 2001-06-20 2001-08-20 2001-10-20

Date(year/month/day)

Fig. 6. Variation of one pass retention in recycle
system by the using of surface sized broke.

(o
WA ol R el HREE ST
Ao,
ol2je] ua W 274el7] 943
£} 2% olee] BFE 24D

o2 op rr I
ot

w
N
H
rd
Im
0x
1o
[
o

£E 257 Yol Ak

=
0%
oX.
r_L.,
Mr
o
i
= c)id
P
>
o
oN
i)
i
o
o,
il

2
fr
o
ofN
°
<]
g
2,
o
i L2

3

O

fu
jal°
=

o o
1o
=
lo
£

& & gA et
2 Eo) REsj

o O
A2 Ar

Koz

in Mr in

o 3o fo
Moo b 12

HT e
o o

T s

N

> o ko

o o g

My olo

d lo

o

i oz

Iy o

ox i N

St K

£ n

rfi =

d

o do

T

w3

g =

=2 oX

o
)

. Fig. 7ol 42} 2

g Fole A

o
|
H1
i
Ao
2L 1
of
o
i ;:R
oo

il
rE

>
2

[
E o
2

H
[cRe RaN1uy

Fig. 7. lodine-stained paper surfaces sized with
oxidized starch and cationic starch.
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Table 2. Influence of starches on starch distribution
and residue on the paper surface

Oxidized Cationic starches
starches DS 0.009 DS 0.016 DS 0.028
Brightness 109.7 76.4 73.8 72.3

STDEV* 13.8 10.6 10.2 13.7
*: Standard deviation
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Fig. 9. SEM photographs of paper sheet by sur-
face sizing.
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Starch products Mean depth (um)
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Cationic starch 13
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Fig. 19. Influence of starches on the perimeter of
letter of paper.
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Fig. 20. Influence of starches on the optical den-
sity of ink-jet image of paper.
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Fig. 21. Influence of starches on the bleeding of
ink-jet image(left : Oxidized starch, right
: Cationic starch).

Table 4. Influence of starches on the properties of
color ink-jet printing.

Cationic starch  Oxidized starch

Area of red color (ym?) 265,309 259,989
Perimeter of letter (ym) 4,809 5,231
STDV* Brightness 12.99 14.81

*: Standard deviation
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