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ABSTRACT

White ledger usually includes white office paper, computer paper, and copy machine paper. Because
these grades need high optical properties, fluorescent whitening agents (FWAs) are widely used in the
papermaking process. FWAs are the most powerful and effective chemical used to obtain high CIE
whiteness and ISO brightness in papers. The rising demand for white or ultra-white papers has increased
the use of FWAs. However, FWAs used in white ledger can restrict its use, even though white ledger is
widely used as a raw material in paperboard mills. Therefore, it is necessary to develop methods to control
FWAs from white ledger to increase its use in paperboard mills.

In this study, the behaviors of disulpho fluorescent whitening agent (D-FWA), tetrasulpo fluorescent
whitening agent (T-FWA), and hexasulpho fluorescent whitening agent (H-FWA) during the recycling
process were identified as a first step to remove FWAs from white ledger. We prepared four types of pa-
pers (dyed with D-FWA, T-FWA, and H-FWA), disintegrated these papers, and made handsheets. This
recycling process was carried out three times in a laboratory. After each round of recycling, the hand-
sheets' CIE whiteness and fluorescence index were measured, and the distribution of FWAs in the Z-di-
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rection was observed using CLSM images. FWA reductions in the model papers were calculated using

fluorescence indices as a function of the number of recycling.
FWAs in handsheets containing T-FWA and H-FWA decreased linearly as a function of the number

of recycling, but D-FW A did not show a significant reduction in the fluorescence index after recycling.
T-FWA and H-FWA showed similar distributions of D-FWA after recycling. Therefore, as much
T-FWA and H-FWA as possible must be detached in the early processes of papermaking at paperboard

mills.

Keywords: White ledger, fluorescent whitening agent, paperboard, recycling, fluorescence index.
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H Folgk D-FWAS Hz&ejg|o] £ & Az 50C 2B LEEHRE T LEE FASHEA AL
Fololi xHA P H Fol= D-FWAS o#3HA] ¢ otk BHAROIAY 212 T-FWASL H-FWAE 4
i T-FWAU H-FWAE ZHA 2 8 50| & vepl o). Adedin 2 dAFS £ 5 600 rpm 231 of A
4% %)= TAPPI Standard Method T 2059 ¢ 7 5} 308 7F wHFS AAE Y. G2 A E o] L3 S
of Azt et A A& i 2] v € (valley beater) S ©] 2A 9 #HEEZE 93] APAHE =3 7I(SBI0O,
£51o] P4 NI YGZEHIE oIk 45045 mf Hannamchemical, Korea)E 0] &3} th FHEX =
CSF= 1A 7l & HF5=70.5%7 H =% 54 Faos HASYR HF g FH4-5gm’e
stof Abg-st itk Wi A 2l 424 = D-FWAS A 2 dAsHA 2HIAE S AA AT WA 3 2 A
A4 HH] 0.2%E F A5kl 600 rpmof A 24 7F 28 FESUAR A Fol Az W HE o
vhE A ASH S B EF 10044 g/m’e) 24 & A 23519 RHA G FFSUA Y| F Y-S Fig. 13} Table 1
o EHA G F2A = Be FFTYA flo] BF off L epRl
1004 g/m’9} 24§ Al 23t eh A2 H £2A&
3.5 kgdem® 271 o) Al 5.7} oF 23l B AR AG A2 2,23 SESYUH| X2|E 502 TS Y 2A
o dz7l2 d2A Y AAddzy gz ditd oz JAYHE &
FH L o5 Hujo 4 el w7 Hek wwA) YAt
222 HHX2|E B0| M=E ?Iet EHAMOIE  zayoys asex ya4z4s e feg gzs
el NAH A2l S 8hA geth ofo] fe B Ao HE
YBZUAS G YA L FEAYE 22 Ho|EAAY ATE AL A THEL FHOR 3
Aol Al 4L AN T RUERE AR Ath % IRZUAL FHE B Fol 2 A2
T TEWA, HEWAS ALgstol AAstleh ek e a8 131 AN T 49 A 3H 1312 27l
2 10%9) FER 552 ANt &5 90-95T, AT AT ARE FHS 38 ANt
e 600 pm O 2 3087 7t A 58S AT & FRTUAZ YWY R wAe]E Bl FolE 57
ol HANA FEA HLA F2% SR AHA
[ — ]—)[ — ]—) [~ | u&3 27| & o] &3}o] 3,000 rppmo 2 A7
5497 e 2AE AL gelet e del | 4
[Jﬁ 2ol A NS AAT F FRES Wrshe] 05%
et 2 345 dAston. 48 A& & o]83he] 100+4
Surface sizing l [ Adition of T-FVWA or HFWA ] g/m2° FRAZ AXSIGT FHA G A= B
(S E 7 335849 7 9ol B 1004 g/m’
Suface-sized O 2 A E A x5t A2 H %A= 3.5 kg/em
2 A SR YT T AYAE A A2
AxAZ o] & 25249 4 FFA+E SAs
Fig. 1. Manufacturing process of handsheets dyed U o E ABES dAsl e 2F 337t
with D-FWA, T-FWA and H-FWA. 2 &8-S A A s ).
Table 1. Application and addition of FWAs
Treatment FWA type Addition level Pickup weight
D-FWA internal D-FWA 0.2% on o.d. fibers -
T-FWA T-FWA 2% on o.d. starch 4-5 g/m’
surface H-FWA 2% on o.d. starch 4-5 g/m’
treated T-FWA + 2% on o.d. starch

(T+H)-FWA

2
H-FWA (T-FWA 1% + H-FWA 1%) 4-5 g/m
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Method 402 o 1o} 252023 34k 1
=9} 3R 4= B340 A|(Elrepho spectrophotometer,
L&W, Sweden)& ]—% st 2Astqc Mgrs
D65 FolA St FF AP FY FHAA
Aol Alo] A7 € W7 o} 28] o] 4] 3 o wizhE
Zstel £ U wo] Aol 2 tehich B &
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Flbefore B Flafte'r

FWA reduction(%) = x 100 (1)

Flbefm’e

(where, Flbefore : fluorescence index induced by
CIE whiteness under D65 before recycling,
Flafter : fluorescence index induced by CIE

whiteness under D65 after recycling)
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Fig. 6. FWA reduction of handsheets dyed with
FWAs as a function of recycling number.

Qb
of
AN
o
of
ot
o
re
to

HIZ - 2o]7|& 47(1) 2015

gJatol 28 Slgro ©hE Folo FFASE S
t}. Fig. 40| Al = 43 WA F7E Fol9 3
S UETH ShA dizt o WA T A ket A 9
3t 73S bt D-FWAR A 2] 5 Fo| 9] &3
F7F 7H = A UE L 2 A g FES A
T-FWA9| &% 257} H-FWA|| u] &} o] A Uetit
th o2 B uf FFSWA R AT g Fo] o Wre}
WA T = S A of g bl ofsf A= A
o &2 etEh gt 7 vt FUhte] e F
0| 9] FFA 45 Fig. 50 EAIGTh Aol 27 3
9] Z7tol wret D-FWAQ] 3332 4= A 9 20| 7}
A gtk ey #EAE FRsWA
T-FWASH H-FWAR A 2|9 Fo]9] FFA ¢ A&
Ao sttt 55 H-FWAR A 2] & Fo] 9] 3
MY B2 FHAS FAE BoFAT. A5
£ ol &ato] FFF WA Fa &S A= F%

3t

o oxt
D3

- offt
o N S H» ¥R

T =1recycling
2 recycling

=

=
=}

A H-FWA (T+H)}-FWA

Fluorescence index, %
o]

51}

[=}

o A O

Control D-FWA FW.
FWA type
Fig. 5. Fluorescence index of handsheets dyed

with FWAs as a function of the number
of recycling.

20

—OControl
16 \ —o—D-FWA
£
-2 —&—T-FWA
H
£ 1 =8=H.FWA
v
2 —a—(T+H)-FWA
o 8
g
El
=
T = e
0 T
0 1 2 3 4
Recyling number

Fig. 7. Fluorescence emission of the supematant
as a function of recycling number.



FSHAZE T WFILA ] gl wE FFTUA L A 4 57

A TR, 2ol 2 e JHS A Gag U 2UAYE JFSUA A HFWAE gAtol 2
< Fig. 60l AT WH & 5 WA & 2 Ato] F ol doll Folo] T o] Ho R BRI Y
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FHALS Fig 70l BAISH = B35 WA g0l Bors] B 1S FEFTNA L Pl FE Tl
ESSEAATNY FHUAY A vrebder ek A E2 A A7t e A E A 2R E Eevh A 2
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Before recycling After 3 recycling

D-FWA internal treatment

Fig. 8. CLSM images of D-FWA existing in handsheets before and after 3 times of recycling.

Before recycling After 3 recycling

H-FWA surface treatment

Fig. 9. CLSM images of H-FWA existing in handsheets before and after 3 times of recycling.
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