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Characteristics of polyalcohols prepared from carboxymethylcellulose
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Abstract

Carboxymethylcellulose (CMC) was oxidized with sodium periodate and end-groups were reduced to
alcohols with sodium borohydride, to open pyranose rings for production of cellulose derivatives that have
more flexibility than CMC.

As a bond between C2—-C3 in pyranose was opened, main chain structure of dialcohol carboxymethyl-
cellulose was made up CI-O-C5-C4 in pyranose, then intramolecular rotations became active. The melting
point lowered and became as same as that of synthetic polymers. These results were confirmed by infrared
spectroscopy, differential scanning calorimetry, X-ray diffractometry et. el.

This dialcohol carboxymethylcellulose was deliquescent, and was precipitated with multi-valent metal-
lic ions.
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Tm = AL A= a - A0 LA 2 Y ViER LR/ VESERES F T,
B 7, v—a vEL LTEFEECHAIRATVS. RERer e — 2ADKBEX, 5
FAHAB LG FRITREBEEZHR LTV S0, e —AD@REMIKREL, KEHN
Bl T3, Z0kd, ZhbDoXkBEIRESCLNTH7 7> E) 57 4 — (acces-
sibility) 2V E s,

—F, IrFFAaFLELR -2 (CMC) 1IKEWT, ZlrTEREHETHS.
EEHEE (0.3~0.8) THKABLELEA+ v HBHTEMETHY, HH, AREE~
HRERCFHEIhTHS. e —2ADERIEOFT, BILRIGIEY, #fh, ~1r7e
& T HBCHBESMY 7 ERET 5, BRBRLE LTHEIATEL. 2rr—20D
WHOENDER TS L, BILRIECRREOD 282 7 RERILCREI NS LB
3. BavEBBLIhilcerre -1, €5/ —2ABIHL D, FEI7vEoED
T4 —EETHIOCKDBEELLRS.

AR Tix, CMC %= vRBELXY, BEEROSS FEMELZIFR L, T ORMET
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DWTHRET L.

2. £ B F &

2.1 23-C7UFERALKRFL AFILEILO—ZDFE

RKEE LT, O NVRFVAF VLR —RAF b Y ¥ A (CMCNa, FI¥#HZE No.
039-01335) Wiz, ThEAKEBK 5g/300ml) L, B vEBRF I v A
5.78 g BV LI K¥EWK 200 ml & hnx., 20°CORSHTC, 5~50RefI@B L, ML, K
S, =FvvZya-aAfiml e, KEOBI VERS ) VARSE L. O
BEBEL, 4506BUEDOT 2t vh~EMTAZ LR LD 23-VTATE FILRF Y
AFvEibr —ADIWEEET.

sk, B VEBTLEerr - 20 2, IMREMOMIICZERNCHE LD, &
2 VRBA A VONBEL SHAMRYIHE LLY. RIBKRTO:@E= v EEBA + v DEEIR,
S|ATES IS (BESEREL UV-200) 12 X » 290 nm OWRIEED b HE L .

2.2 2,3-STFLI—=LALKEL AFILEILO—XDFE

PT7AT e FEGR R KB (1g/40ml) L, fI5CTEH LD, KRb+rvHE
F YV ADKEE (03~1.0g/20ml) T L, 2HREETRICIEL. RICH, 7B
BB ml ANz CREOKZATRF V) Y ARHR L. COBRBPERL, 4546E
DEDA Y TR — A AEMTHE LRI D 2,3-OT AT —AhAREYAF N
r—ADIWEEE. EBRA Y T e ) —ATERIIELEE L.

23 L v I7RBRIS
HHECRE, HEE 7 7 Vv ERAWT Yy 7REAPFE LY. CoRE 10 ml e Rp
0.1gxmz, HFRTREARIGRT .

24 FIPFRZRT ML
OIS (BESVERTE FT-IR4300) %\, Bibr V & A8HIET X h K%
IRARZ b VBB,

2.5 #EoNW
REEEBRET (HEEEFE DSC50) AV, BB 0mg 2 A7 L3I vy
V) v LTHIE L. FEEEX 10°/min & L.

2.6 X #gmEI
k100 mg #FEMERE L, X BEITET (EEERE Geigerflex2013) AT, [EHFA
FEEIF 20=10~40°, EEEE 2.0 deg/min O THIE L.
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2.7 NMR
AABETFE GX400 &\, 3B 5mg #EARIEML T, 40°CT1BCID WIEHFT - 7c.
¥, MEORVWERIC OV, 10 mme REE R A L. '

2.8 HHEERIE
NS v/ v=7 = AT FEFH#50% AV, 25°CTHERIEZfT- 7.

2.9 @BEORE

BB (1g/25ml) &, 0.2MDO&BEX &1 0.1 M OEFREEK (pH 4.0) % 25
mling, SRTC—EBERLE, WYL 527 4,402 — (1G3) TEINL, A&/ —1
W Lic. EBEE UCEREZ, MiteBE s LURLESY, 72V HESE L L
T, Wy ABER L.

2.10 BERER
Bt 0.5 g 50°CT24RSHIMER R Lictk, 20°C, HRNBETY% T, BEEL b Rkdi:.

2.11 7eFI{k

RAATIVF20mIcE R lgxing, 1HMERLEBEEIEL. chie, ©Y o4&
KEEEE (2:1) BAWKOEOm! Zinz, 720MEHT 5. RIGEARY 4 EHEBEU Lo £ 2
) —ARRIZEML, 7 eFatRpe B,

2.12 ERIGE LCRKN

AKH10 g B3TH AL AT AT e FRBERICEREL, BEEE1g 2z, 85°CT 1 KH#E
LI, 50°CIa3s, 10%KEME7 bV o AChRRIL, 4 fBEEUED 2 % ) — Al
LI X R 7. B

ZefE L e 0 KR AR TRk, FHEEZEER (Q ZROAC I VEHLL.

Q=1+ (p2/p1) (W/W¢-1)-

ZZTW: gEsv0ER, W REAROEE,
p1: WO, pr: BEAROWE.

3. RBRLUER

3.1 & #
3.1.1 2,3-CT7LAFERALRFLAFLELLO—RE LV 2,3-STFILI—LALKES
AFLELO—Z
KB ThrArEFvrFLELrr -2 (CMC) OHFFELHELECRDIER, 7720
Thote. IBI, 7PV VAEENLRDIEIAVRFVAEDOBREIZOTITH T, =
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Table 1 Yields of dialdehyde carboxymethylcellulose.
Oxidation time (hr) Yield (%)

5 90.0
10 89.6
20 85.8
40 86.1

Table 2 Yields of dialcohol carboxymethylcellulose.

Amount of NaBH,(g) Yield (%)
0.4 85
0.6 79
0.8 81

D CMC 25, Ba vHRBEBIc X VAR I 2,3-v7 45 e F CMC DILEE% Table 1
., 2,3-v 73— CMCDIRESR Table 2iz;m Liz. ¥ 7 A5 e F CMC O IRERITLFY
88% T, ELEERIOEINE LD FAH LT, Y7AFe FCMChb Y7z —
CMC ~DKFLAYEF ) v 2BETTIE, BE06g/20m! T, BTEIGK X 5 800
cm™ fRED 7 AT e FOFRNMRIEREOMET S L 2R L.

CMC 235 2,3-2 7 /b 2 — v CMC ~D£IEITFI70% TH - 1=. B{LEIGHI D% pH
135.7C, RIG#IIpH41 THh oz, DX 57 pHEDOEE, MASERE T X5 CMC D
BEAEETRA W EELONS.

3.1.2 BEg{k=E

8= Y RMBERL O C, 290 nm ORRIHERIND HRD ML (FIRE) &M Ui
DBEIR% Fig. 1 1R Lz, BAL10ERRICHIS0% Db AR L, H—IHT Lo b iR
TY 7/ — AR I, —BI, tir—ADNEa v REERLT80% DEALE LB
BIITHISORFRIME L T 2D, F, ATHRL A AFLALRFY FRTCER LI A F
N R —ADKRTOELTILI0RED &, AEBRLFEETH-T:.

3.1.3 FOABMARY FLELTVL v 7EBRIG

CMCNa, FAB L= 747 FCMC B XV 7 42—t CMC OFRARINAR 2 b L
Z Fig. 2/;m L. CMC &7 va—u CMCIIXRfRIE A7 b ARR LA, o712
— v CMC OFRIN# L, &ERCRIRIAHECELL WS, — ], ¥/ —2ABEED
BAZUIE X BRI A 7 + v OBELIXBRICBIE T 5 RINE R (980~1200 cm™1) i
5. 1110cm™! OWINEII Y 5 /2 — ABROWH R PEIREICRB I N AY. o7 ra—n
CMC ToD, ZhbDWHEHDOBKEL CMC DFREENTRELFEI LTV o
fERIL, CMCoOwZ s — ABRD 2, 3 M RF-RFEFEE VIR X % BRSO Bz s
THbDEELZLRS.
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Fig. 1 Effect of oxidation time on degree of oxidation of carboxymethylcellulose with sodium periodate
at 20°C.

—%, PT7AFe FCMC DAXZ b, 800 cm— LI~ 7 & —ViEEHE
BMLTW37 17T e FEORELBINAFEE L. BROD, CMC, y71ArFe ¥
CMC kX0 7Aa—nCMClo\WT, Yy 7E2BRIERfT-1EZAH, OT7ALFE N
CMC DA FREEEIIEE L.

3.1.4 #:5H

B3 o RERERLEERA 5, 10, 20, 406D v 7 v 2 — v CMC OREFEEREBEST (DSC) D
+—x 7T a% Fig. 3R LIC.

— B, tArr—22LCMC D DSC+—%E 273 AXERL Y — 2 3 FERT e — ¥ C
»%. Fig.3 DfER1DH S, CMCRGFEGMHIFET S L, BIOBlelsE s
— ABROMYFAHAC X W rFrREEGHEOHRETHDH Z &nb, FFRRRRE—-213/6h
Tehrote. L L, BRC L2 — 27 0 {ERH & & SIERA~Y 7 F LT3 2 LR
Thic. 7ok, 100CHIEDE— 213K OHETCHS LEBbhb.

ALK LR m OB Fig. 4 wm Lic. LALLM X 5 i bEOEME & b icih
BREEFCED LT, Tbb, B3 vRBRBicLh Y7 2 —RAERD 2, 3{LRFE-
REMEEL B S h, FHEEENRCS ) — 2B C1-0-C5-C4 DEEEL Y, 7=
75y VEBNMERNDERC o lctELLRS. —ROEHES FTIX, RY=F1r v
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Fig. 2 IR spectra of carboxymethylcellulose and its derivatives.
A; CMC B: dialdehyde CMC C: dialcohol CMC

D105~120°C, £V 7 r 'L v D165~208°CTH b, BAZE80~90% ® CMC TlzisABEE
ThHolo.
3.1.5 X iBET ,

CMC & BELEFRII0BEE D o7 4 2 — 2 CMC @ X #EIHT < % — v % Fig. 5 KR L.
CMC TiI20ER TRoh M E — 27 FE L. SO —23kv—3 vOKBER LT 29,
—F, €5 —ABEEOBI LY, o7 A2 —A CMCIRILY — 7 13/ Lichs - 7.
AR —ANGREB LT 2L e — R FAE v Le —R LR DEFAX — T
Tr—FTHBIENBE, o7 a—1 CMCIIEEEENY S ) — 2BLMEMS C1-0-
C5C4DESHLIh, TOMANITINTHL D, —R, EFHRXBEEDI -
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Fig. 3 Effect of oxidation time on DSC thermograms of oxidized carboxymethylcellulose.
A: CMC B: 5hr oxidation C: 10hr oxidation D: 20hr oxidation E: 40hr oxidation
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Fig. 4 Relationship between melting point and degree of oxidation.
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Fig. 5 X-ray diffractograms of carboxymethylcellulose and dialcohol carboxymethylcellulose.
A: CMC B: 10hr oxidized dialcohol CMC
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Fig. 6 13C-NMR spectra of carboxymethylcellulose and dialcohol carboxymethylcellulose.
A: CMC B: 10hr oxidized dialcohol CMC

TWBRDTHD EHETS.
3.1.6 NMR ZRZ7 pJL

{LFWEOBEREI NMR A7 b VIIESPRBERITRTHSB. CMC & ERLEFREI108;
o7 ra =1 CMC D BC-NMR 227 fak®, Fig. 6 KR L. o7 a—il+x
e —=ADNMRARZ bLiX, vrr—ARHELTC2, C3, C4MAnERET>7 + L
TwW3B?P., CMC D NMR 227 p A8%HE R, CMC & 272 —1 CMC b2t 7 b
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Table 3 13C-NMR chemical shifts for carboxymethylcellu-
lose and dialcohol carboxymethylcellulose.

CMC J(ppm) dialcohol CMC & (ppm)
C1 103.3 Cl 103.3
C2, C3, C5 71.4-75.8 C2, C3 61.9-63.5
C4 79.4 C4, C5 71.3-75.8
C6 61.0 C6 60.9
C=0 170.8 C=0 178.7

Table 4 Viscosity (n,) pf carboxymethylcellulose and
dialcohol carboxymethylcellulose at 25°C.

Solvent CMC dialcohol CMC
0.1 M HCl1 ppt 0.0249
0.1 M CH;COOH 47.8 0.0379
0.1 M NaOH 31.0 0.0408
Water 72.8 0.0478

ppt: precipitated.

wHWEL, Table 3R L.

CMC o C2, C3, C5(714~75.8 ppm) & 7 A =2 —n CMC @ C2, C3(619~63.5 ppm),
C4, C5(71.3~75.8 ppm) H{E4CRECTEhr oTod, v — AL, v7Ara—a
CMC % C2, C3 73 71.4~75.8 ppm 75 61.9~63.5 ppm ~, F7 C4 5 79.4 ppm H:5 71.3
~75.8 ppm ~EREE 7 b L.

3.2 73— CMC OE
3.2.1 ARRMS L UHLE

CMC BAREEES FRMATH 57, pHIC X ) ZOMMENKELETS. v 7
2 — A CMC OHEHIRTED CMC LT ED X 5 L Lichim oW TR 2T, BE
% Table 4 IR L.

CMC BB LTCORRETHoTc. Fi, ¥ 742 —1 CMC DHIEE (1)
i, CMCOZR X sl i€, oTc. CMC OEMEMIL, KERTHERED I w1
EEBLTWAHIEDTHDEEPLRBYD. 7TEAL7 - AED T L3 - CMC D4,
7 — AROFAEICHE, FH#HEEES C1-0-C5-C4 0EH L e b 7odic, EHORIEM
PMETLTChREDR2VARA—Y 3 VELSTIDTHSS.

HWHECK X ET®m7A2 ) 088, CMCiir ) v AETHL 9, BEEEK TIL
WBE L, BEFRVEIR CLlIKBERORI66% DE L Te-Te. KELT bV ¥ AW CHEL R
T501L, Kb bV Y 20ERHROLDTHAS. o7 A2—1 CMC Tk, BERE
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BCOWBIIZED bR, HRRFRUTH 1. BROBUET X -~ CHENELT 5
Tl ROTEREORETHS.
3.2.2 &RBEORE

CMC X7 V2 ) B CRIEWD LB Lic\»p, MitEBRCEHHESRC L b WS
5. o7 ra—- v CMCrOWTh, EBRETVWHE L. BB ROSHE, CMC T
87%, v7 A a—n CMC T57% Thotc. HALTHMBEKDEE, CMC TIIRERK L /o
Sfehy, vTAa—n CMC T31% TH-7Tc. I LY 7 aDB4E, CMC TILEEBEBK
Lic oy, 72 —A CMC CIO%TH - 7.

o7 va - CMC &BEDOIEKITE NS DD, WEIIHFRR CEBERIESTH -
7z.
3.2.3 BB=

o7 a— L CMCIITEREN D B. TOREBHEY Fig. 7R L. o712 —a
CMC 0% B28 13, WHI1E CMC IR X TBDs - 7oA, 5 BEBHE ML, RIBEN
CMC X h k& Tnote. 7ok, BB 40 B s, o742 — A CMC LR L.
3.2.4 T7EFII

TR —ADE YR T2 VY, TOWEIESFORECHEIND. L0k

1.6
1.4
3

~ 1.2

Degree of adsorptio

0 [ [}
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Fig. 7 Moisture adsorption isotherms at 25°C and RH 75%.
—0—: CMC —e—: dialcohol CMC
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¥, TRHLTFE LT 25— 2R hIcAVTV1 59,

CMC L v5 /7 —2BEH Lo 7 a -4 CMC ORIGH % HERSNT 570D, 7
FAMLRIEEIT Y, TOFRNARINA 2 + A% Fig, IRk Lz, =AFARIBBIh DR
IE C=0 fffEIREI D 1760 cm~1 & C-O fhEiRE) D 1234 cm~! TH %10,

7 2 F AL CMC D84, 1760cm=1 & 1234 cm~1 D B 5 38V RIE S FEE L.
iz, FEOIN K VEBRORINE TH S 1709 cm—! C=0 {HfEIRE) ¥ L O° 1639-1623 cm—1
COO— # vOFLEL L »IH LT, 1760cm~ D=2 F 1 C=0 {MEIRENI MR e — 7
ELCHRI.

T FMEY T v a -1 CMC O8E, RIBEEVPR LS 25T, 1760cm—! &
1234 cm =t ORIFIIFFAE Lighs - fo. Fig. 210K L 7 v 2 — v CMC OFRARIL A ~
7 b EREST S L, COO—1 # v DRINE 1612 cm~! A3 C=0 {hfEIRE) O TN E IR, 1760
ecm~ 1 A@EELL S -2 bisot. EBE, 7eFr{byT7ra—n CMC LK w
BT, TFMECMCIIRETH . BEOHEEEBI (T2t v, RvEY, n-~FH
V) |IX, EBLATNTRECTH .

3.2.5 EBREE LUEKN
Y7 = CMC KBS AET 585 T T, arRFy vk (BRE0TD »HF

Transmittance —

Il

2000 1500 1000 500
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4000

Fig. 8 IR spectra of acetylated carboxymethylcellulose and acetylated dialcohol carboxymethylcellu-

lose.
A: acetylated CMC B: acetylated dialcohol CMC
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ELTW3. COKBUERS TFEEBRIGIED EWAKEF VETeD. e, hArrFon
HEENS W ERKDHPEMT B LI TwBD, KERTI, e — AR T—BYT
R —ALERBIR L, BE Ly 72— CMC oINEI187Y%, BAE (HEH) 1%
33.5g/g, I XOFEBERITL29% THot. ZORIGICE H 27 a2 —1 CMC KT
Bricole., FABRRARZ b ABBEHETHE, 1200cm M HEOBRRK=—F LB IO
700 cm~ ! fHED 7 VT e FRIEDZED BTz,

—RE, BRKERSFOBRKIE, trr—2F%TLl00g/gbE, EREFTFRT
1000 g/g BE L I hTWwaBW, SEEH Lichr=—Aa{be7 a2 — A CMC OBKTix
$930g/g THote. MARINL, BEIVL 7S 7 VEACIVERLEFNEVWEIRT
L\Z)n)-

4. & i

vT7ra—n CMCix, CMC o C2-C3 Mix Bt LicoATH v, MBS ©
BB, Lrl, €77 2RI\ THER LD, TOPHIIAEL BT, Thb
B, €77 —RABRDOCl-0-C5-C4 7FEgE L e v, REBICEENTREE 7t o i, BT
FFCOFFDaVERA—Y g VIR DD THBZ ENBELN T oTe. FDD, o7
na—n CMCIE—BOERESTF & I UEirRT Lol 7.

e r — ARMBHIEGFEESEEFE LTS, 207 ra—i CMC Th -+
FRRFELTCW 2005 BOFEBELA 5.

51 B X ®

1) E. Maekawa and T. Koshijima, J. Appl. Polym. Sci., 29, 2289-2297 (1984).
2) &£ B, “GfFmes—ER L m—", B, 1976, p. 454.
3) T. Morooka, M. Norimoto and T. Yamada, J. Appl. Polym. Sci., 38, 849-858 (1989).
4) C.Y. Liang and R. H. Marchessault, . Appl. Polym. Sci., 39, 269 (1990).
5) AR IE, ‘KM L7, ARME; KRERE ; EEREER JLIHR, 1987, p. 98.
6) FHMEEE, PR3 EERNEMEERE (—EME C) PIEREmEE, FE, 1992, p. 13.
7) B.Casu, A. Naggi, G. Torri, S. V. Meille, A. Cosani and M. Terbojevich, Macromolecules, 18, 2763
(1985).
8) S. Gautier and J. Lecourtier, Polymer Bulletin, 26, 461 (1991).
9) EBEE ® AHE L7, AEME; KREE ; EREHER, THER, 1987, p. 220
10) Robert T. O’Connor, “Cellulose and Cellulose Derivatives Part IV”’, Norbert M. Bikales and Leon
Segal Eds., Wiley-Interscience, 1971, p. 53-59.
11) HEREZ, ‘BRKMERY ~-", BHTEAR, JEIHRK, 1990, p. 22.



