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A Study on Chemical Modification
of Papermaking Fibers ([ )*!

— Improved Physical Characteristics
from Partial Carboxymethylated Pulps —

Jeong-Heon Choi*? - Byoung-Muk Jo*® - Jung-Soo Oh*4

ABSTRACT

The substitution of carboxymethylated hydroxyl group in pulp revealed more hydrophilic than
hydroxyl group. And then fibers were more flexible, swell more which leads to better conformation
between fibers in turn this raise paper strength,

In this paper, we tried to chemical modifyings of recycled fiher, OCCs{old corrugated containers}.
Many researchers have examined chemical modification of papermaking fiber by partial car-
boxymethylation(PCM) using a organic solvent processes. We made modified PCM processes adapt-
ed waters in replace of the organic solvent.

Our testings for the optimum conditions on the new method, conditions as reaction tirne, temper-
ature, liquor ratios were designed likely plant system. Freenesses(SR®) were increased following on
carboxyl content of the samples. Handsheets of untreated samples and partial carboxymethylated
OCCs were made by optimum conditions on different concentrations of the reagent., As results, max-
imum 25%, strength increasing effects were obtained by the new method.

Keywords : Partial carboxymethylation, recycled fiber, freeness, chemical modifying, paper strength,
papermaking fiber
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Table 1.

Characteristics of the sampl

Pulp Freeness Temp. Conc. Crystaihmty Ave,
(SR®) (c) (%) (%) M. W*
AOCC 25 55 45 85.4 1.96
KOCC 45 "ﬁ 4.0 7.2 1.50
* Average molecular weight by Kajaam FS 100.
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500 /N 1 || mAOCC
_ 1400 Z |
£ 1200 L
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Fig. 1. Fiber distributions of KOCC and AOCC.
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Fig. 2. X~ray diffractogram of KOCC and AOQCC.
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Carboxymethylated cellulose

Fig. 3. Preparation of carboxymathylated pulp.
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Fig. 4. Keaction tools of water-solvent partial
carboxymethyalted pulp.

7+ #)1t, monochloroacetic acid(MCA Y9}l FHE
off o} dF CMAL2) i A o] o) RO WA Hyite] &
TL/} ‘f}b—‘&‘/}.

¢ ol A = PCMBETE o) Bi 8L 3t
B PH el Bl 2 KBRS MEE A
kel PCM I E EHish U3, 2 B0 &
g ol vl A e e 0u sk fEiEEE 78
Stk Aol ReEEfFol web ohal Zhzbe Wk
o #iEE gt PCME : & T, T
& wsnshe it el BiLE i g=

K2 i



2. 2.1 PCM 18

PCMEER v T} Fig. 40 Yyl vlel o] K
EEE e, AR S (Green, 1963) ¥ mod-
ified method (&, 1994) 9] 98 o EFANE &
#3451 oF. Modified method 5,000 mlg EehA
g vjojHe] E& HsEMH £ & 3.0 %o vx7t
HEE AT AF 2000 miE Y3 impellerz 30
S B MBS Foor ) BEAIZ %, BrE B
NaOH A &K S sl FrEmi < o ##ksh
4t} o} 7)o monochloroacetic acid (MCA) g
B 308 AAAM fislx, shaking incubatorel
A BRE, BHEE @Kt 60 rpme £52 KK
Al #Hch

2.2.2 PCM @RI TIo| RimE Mgt

EHE B4

PCMEEH B2 BifE #M%ES TAPPI T 237
om-83 (carboxyl content of pulp) o] o8] &K
| Ao PCMgER ol thate] zkzh 547 8t
% o} Morrow, 1959; Samuelson, 1963; Wilson,
1963). PCM A8 H=xeo| Fih carboxyldt e #H A
& FT-IR2 orstdeh s e PCME
B RHE 2EHEAY F 4060 mesh2 HEst 2
KBr& 3718t 2kg/cmPoll A pellet-g %% 3hed
sty A #E e Hartman & Brown
it ¢} Bomen MB Serieso]t},

2.2.3 MM W2 o] #1L

PCMER o 23 B o] Hpi#{LE 5747387
Hate] 22190 ey dofzl Bi@MRMl ohet 2
zte] BT E MK E 2eldle PCM S #%, F
WIS Bl mEM REARY S L
& St

T4t el BB S KSo| E M ol o
2t Eiist o

3. #nt Y oE

3. 1 Modified PCM L%

IR B CMEE BAsle Hikd
A FRIEEReE kA etk o7 Kk
e BE BEE A e MCAE WA ¥
= é‘#&?-flr dzel g WA FYdte dEaike
25 Alzbo] Wol FRE S (15 KRR RHV), Bk
EyE e Hi¥ko] vl W FHAEES HE

e Eidrkbel whed 6 Wi 30 Wi o
g, ol o] AR = isopropyl alcohol &

L&»“tﬂ

DS.
0030

0025

0020 2 -

0015

0010

0005

0 10 20 30 40 50
Time (min.)
isopropy! alchol
* Material : KOCC
* Temperature : 30T
* Liquor ratios ; NaOH:MCA=1.2:1
Fig. 5. Effect of water and organic solvent on
partial carboxymethylation,
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Fig. 6. Effect of temperature on the degree of
substitution by partial carboxymethyla-
tion.

fye 2 UKPECH K] £57 wher] 2ol

wEba R EEAE mRFAE T 5 MR
EERLET GOoWA, ST T s sl
B Aol RiRsH el sHE B B #
OO, 1993). 2322, AEEK 9 BE
Kot s FEE T CMEE o] H A o] BFEsIE
2 o] kg modified method 2 3t Lifk e} &
gl SEH s

3.2 BEel ®L7} PCM FIBO| UM BIRE
of DiXle B8R

Modified methodel 2]3 PCMBEEFEo] SlolA
o] Mol a}E FEia e #{LE Fig 64 U
b Aok Bl o8 EEBIEL EiRCE Bd
'&iurg‘/} xg*g E,fﬁéa—;} h;o],dx] u} L«JQ "'Jm-
e UMY gL BRES 48 5 o] o :;5‘
ol B BGERe HHT F AS S BAF
ko HB A A breenvl() ) o] 448l
MR 50°CRld, B BRI RES HEE
B & 20°Coll A 60°C *}Oli FEESE e BT
ol BUSMRIT I BBLE RIS B 6%71 e A
o] Th,

EIP(1983) & Kk ME = 30°Col 3, AH

D.S.
0030

0025

0020

0015 =

0010

0005

¢ 30 60 90 120
Time (min, )
B: 0.1% NaOH [J: 0.2% NaOH

* Material : KOCC
* Liquor ratios ; NaOH:MCA=12:1
* Temperature : 30°C
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Fig. 8. Effect of liquor ratios on the degree of
substitution by partial carboxymethyla-
tion.
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Table 2. Changes of the strength by meodified
PCM method*!

. ) Tensile Burst
Lonc. _Of Reagent DS. Ring Strength** Strength*
Materials (%) Crush*? (km) (KPa)
AQCC  control 0 3.02 7.3 10.2
AQCC 0.05 0.003 345 77 104
AOCC 0.10 0.008 331 78 10.6
AOCC 015 0012 325 8.0 108
AOCC 020 0015 315 82 111
AOCC 025 0022 3.05 84 112
KOCC  control 2.30 416 7.7
KOCC 0.05  0.004 2.86 47 80
KOCC 010 0010 2.72 5.0 82
KOCC 0.15 0.014 265 5.2 84
KOCC 0.20 0.020 252 55 88
KOCC 0.25 0.025 242 54 8.6

*1 Temperature : 20°C, Reaction time : 30-30-30min
Liquor Ratio : 1.2 : 1

*2 KS M 7051

*3 KS M 7016

*4 KS M 7082
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Fig. 9. Optimum conditions and processes on modified partial carboxymethylation method of the pulp.
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Fig. 10. FT-IR spectra of partial carboxyme-
thylated KOCC.
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Fig. 11. Changes of the freeness by the partial
carboxymethylation KOCC.

ol LESEZ K HR HEZ v Aoz
BN R

4. & =

o {rdy wHES sl partial car-
boxymethylation(PCM)-& /A5 o] #iE ] o
MACE el FEcl A L BMERM Hao
Moz shEst el Eifbel AL Aok &K B
e GREENY ko]l avsle MY FEZ A
S5 MRS Bt kS BeE PCMEHR
£ RE 3G} Carboxylit o] BA S BEY AR
BREES B MRS FES KB, o
Fikg BEOA EHE & A e 27 9
stod EOEfENES KAMHET e FES B,
HERER, WS BEHMOE &£ RiFolA
By s ek mEErEel 8, 20-50°C
HERNAAME & 2R S Holx| #ghow, KMk
Mol A = 304 fRE 2] REEREH o] Bt ol
), iyt = NaOH 9} monochloroaceticacid ¢} i
7F 1.2:19) B b B BMEE e
o Aol gdfertol whel KRR B E
Basli, 54 #BEE desle FHKE ksl

T OWEE HEL o BEEE s EEE
& 0.05% fEfFold, BBEE S 020% HlA
7V S S JeENEA T, 5IREE = AOCCe
0.20~0.25%°lA KOCCE 0.20% K#AM 713
L g Jehdiid 2y, EERE 0.25%09
Ae e BREAE By, 238 B
Ae e g vehlgdoh ol R kg B
%38 A o K3 flocculation B WEo= B
Ak e BHYUTE FRE FHEe F
ol o] BUkes, Lol o3 MMITES EHYS
Fgisld BES BMAND Fole HEBE
monochloroacetic acid H#T B A S 43
3 o] MILE A& F AU

-

e

. g /A
Bol B3 A7 SIZIEHEZF0|Z5HEX|
23(4):40—~48

2. ubde] 1991, A UAANE, FHAEZE
Fazh $FFRAFEEF2Y: 57100

3, 298 1992, 8 =AAFs AT
3A} 1236~243

4, W5, 294, ol &, 943 1993. EA =
SAEAM. FYEIAL (495

5 HAH 2WE 9A41993a. A E o] §
& carboxymethylcellulose 2] A (1) .- A 43
9] carboxymethylation®t 2 & FAH o2 -,
SR Zs 21(1):59~-64

6, HAE 2HE QA 1993b. AHBEILE of
£ 8 carboxymethylcellulose®] A= ([ )-
CMCel B423- SIS TIASH=EE
3:60—68

7.4 E, 1994 daaFAgld o g Aad
zZol MAF] A3 A+ -carboxymethy-
lationg FHLZ- TIANGE gy @A
grel=F 16667

B MR 11984, AU EM ORI fEV .
LSRR EE 38(2) 18~22

Gtk R 1977, BB O BUCE. T

Bt e T S B By 144 ~ 50

EEF AL 1981, KM m - R R K

R T K B B O I DS R Bl

EEFNT. BRN LSS 0 879

11. Alince, B. 1976. PCM of Rayon and its

10.

— 44 —



22. Masura, V., and Darina Elia. nov .

Effects on Interfiber Bonding. Svensk Pap-
perstidning 8:R 259~ 262

12. Biemann, K. 1989. Tables of Spectral Data

for Structure Determination of Organic
Compounds, Springer-Verlag. Berlin, Heidel-
berg, New York, London, Paris, Tokyo,
Hong Kong :1~175

13. Browning, B. L. 1967. Methods of Wood

Chemistry( I ). Interscience. N.Y. :148~

156

14. DeFoe, R. J. 1993. Optimal Refining Condi-

tions for Development of OCC Pulp Proper-
ties, TAPPI 76(2):157~161

15. Green, J. W. 1963, O-carboxymethylcellu-

lose. in Methods in Carbohydate Chemistry
Acadernic Press. N.Y., San Francisco, Lon-
don. 3:322~—326

16. Hebeish, A., A.H. Zahran, A. M. Rabje and

AM. KH. El-Naggar. 1986. Madification of
Partial Carboxymethylated Cotton via
Grafting with Acryliic Acid and Styrene
Using Gamma Radiation. J. Appl. Polymer.Sci.
32:6237~6257

17. Huges, F. P. 1961. A Precision Method for

the Analysis of Mixtures of Long and Short
Fibered Pulps. TAPPI 44(1):27~30

18. Jansen, E. 1918. German Patent 332,203 in

Methods in Carbohydate Chemistry Acade-
mic Press. N.Y., San Francisco, London.Vol,
3:322

19. Kelkler, R. J. 1986, The Sigma Library of

FT-IR spectra. Vol. 1. Sigma Chemical Co.
Inc. NY. :1154~1156

20. Lindstrom, T. and Gustav Carlson. 1980.

The Effect of Chemical Environment on
Fiber Swelling. Svensk Papperstidning 13:R
1420

21. Lindstrom, T. and Gustav Carlson. 1982,

The Effect of Carboxyl Groups And Their
Jonic Form During Drying on the Hornifica-
tion of Cellulose Fibers. Svensk Papperstidning
15:R 146~151

1992,
Properties of Refined Pulps for the Produc-

23.

24,

25.

26.

27.

28.

29,

30.

31

32.

— 45 —

tion of Filtering Materials, Nordic Pulp &
Paper Research J, 2:88~102

Mobarak, F., and Abd-alla Nada. 1983,
Effect of Some Pretreatments on Car-
boxymethylation Rate and Water Uptake of
Cellulosic Fibers. Svensk Papperstidning 15
:R 120~127

Morrow, W. L. 1959, Aldehyde, Carboxyl,
Pentosan, and Degree of Polymerization
Data on the ICCA "Standard” Pulps. TAPPI
42(3):169~171

Nelson, P. F. and C. G. Kalkipsakis. 1964a.
The Behavior of Salts of a Carboxy-
methylated Eucalypt Kraft Pulp. TAPPI
47(3):170~176

Nelson, P. F. and C. G. Kalkipsakis. 1964b.
The Carboxymetylation of a Eucalypt Kraft
Pulp. TAPPI 47(2):107~110

Nissan, A. H. 1958. An Interpretation of the
Beating Process of Paper based on the
Hydrogen-Bond Theory of the Machanical
Properties of Cellulose Sheets. TAPPI 41(3)
:131~134

Samuelson, O, 1963. Determination of Car-
boxyl Groups. in Methods in Carbohydrate
Chemistry Academic Press N.Y., San Fran-
cisco, London. Vol. 3:31~38

Seifert, P. and K. ]. Long. 1974. Fiber Frac-
tionation-Methods and Application. TAPPI
57(10):69~72

Springer, E. L., J. H. Klungness, R. J. Span-
genberg, J. L. Minor and F. Tan. 1993
Evaluating Methods to Increase the Com-
pressive Strength of Recycled Linerboard.
1993 Recycling Symposium. TAPPI Press. :
163~171

Talwar, K. K. 1958. A Study of Improved
Strength in Paper made from Low- Substi-
tuted Carboxymethylated Pulps. TAPP!
41(5):207~215

Thode, E. F. and R. G. Guide. 1959. A
Thermodynamic Interpretation of the Swel-
ling of Cellulose in Organic Liquids : The
Relations Among Solubility Parameter,



Swelling, and Internal Surface. TAPPI 42(3) Incorporation of Secondary in Virgin Liner-

171~ 176 board Papermakers Conference : 549~ 557
33. Ward, K. Jr. 1960. Chemical Modification of 36, Wilson, W, K. and J. Mandel. 1961. Deter-
Papermaking Pulps. TAPPI 43(3) : 54~59 mination of Carboxyl in Cellulose-Compari-
34 Ward, K. Jr. A, J. Morak, R. H. Gillespie son of various methods. TAPPI-ASTM-
and M. H. Voelker, 1968. Hydroxyethylation JUCA subcommite on determination of car-
of Linter Pulps, TAPPI 51(5) 218~ 22; Fowyl-. TAPPI 44(2%131-137

35, Wilhams, M. 1991, Chemicals Used m Lhe

— 46 —



