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The Reaction between Cellulose and Formaldehyde Catalyzed
by Formic Acid

Kazuya MINATO, Keizo OKAMURA, Hajime OKAMOTO

E /N
::5) SRR R R P P TR TSP PP PP PR PR 271 3. REREER. 273
1. ¥ = E LR LTI TP ITTT TSP TPR P 271 Bl ATHR e rerreemseeremren e 279
2 =4 Bfiererreenereereinniineiini, 272 RESUME +cvoeverammmimmiiiiiiiiiiiiiiieneann, 279
= =

EMFEOBNR trvo—2 05 MHxvefbicBNT, FEEME LT 2 Gagliardi oFHE
EEHMICRETACEICH B, e — 2B E LTEBEOFERERY, BxOREALES -
oA B =N T 3=V EFBEOBRRICERT AAEBLUT, dvaTrFe FEIUBE
ERSRBEEE T RNVATUFEFREB VT —XOKBEROBBRISOERFR, G
EE 80°C £ dtrLA 30°C T, FAKHETOFNVATNFE FBIXUXBOEREICD
WCHLE, FROBREDLLBLNIMHEY, TROEMEALGERE, MELLEEE, F0
LATNFENNREETCFENBEBESLVIZED D B, Gagliardi 02 5 AKHEE & ERE
EVARBETTHAL» TRIGEERBELEPLTH > 72,

INOO—REFELBHFERR, cve B LEHOBERELETHEBBEL AV THEL
7z Rowland S0 REABR T A ERE->THHETE B, T4LL, RICEESEER, o0
RENATNVFEFBREELVAZAT TR, BHEEHCEBRICEBBEL, TODICHE
NDF N LT T E FOEEBES bh, KIS L Fi#i£k0T, KR, BEAFEOEALD G
PUSHEBIIEL LS, Likd-T, AEBRTE LN OTHERELMELZ I LICHET S/
BT, FNLATVFEFOEBEIDVBBCT X CRIRECHEARD EHNENH 5,

158, BERDEARB KUMTHBRCET 2RO BERAEB TE oW THEEEEOHHE K
BOTEEALBETHT, CORRKOPVTRT CREEMBELEORREERENED -1,

[l

1 ¥

AMiICTHEREREZFET I FERVWARAZELIHINTVEY, BEELLTHFOATHS
BiEaE L WPC 72, ZRIKES, HBEN RKEFVEVSAMO BEHREBETHEECED
N, KEABOELIBELZINTVEEZTIKK -2, AMBERLZHRBEYHECT N



272

TLESMEABD S, b->EbZOIINIEOHAARLI>TRAXTHAHITN0ED, PR
FROXI BAMOERETE ZRETR > RETHTEREMERINZ &R, RELETTER
BROME, H320EARREEOME L LUTRATIBGCBETRENLAINDLEEL LN D,
ZOHEIBOTHAvz LR, ERBENSOLTHLT, AMOZEREZZOEIICED, LrdEL
THEREENBONZ EVIFEEZE TS, ZOHEL H 5 Stamm 5Lk » TH L OB
EHBTbhTEl, LhL BEVBEOZE LV ET20EET L0 BN SHESERE L
T, BEASERMLETIRRBE > TOWRNES TH B,

—F, KB EOwrva—-2HHOPBT TR, BhH RABYEORIBREINTETED,
ZORNZ VDO TRESEBECEHY O, BLXUHEKE» OHEEL ORESTONLTV S,
&caffwvwmmﬁmwi@%,@mﬁ@%mbnéb ﬁ@m&®ﬁ@%mwt%AK
&WW%E@%Tﬂ%L(,Cn%%<L cﬁﬁ&@#@ﬁ&@@@%m@%%wtﬂ@ pii3
Mﬂmﬂmﬁbné o

FBISEE L ToERRIEVEILL, HomkMEL3 BT b0, 5, ¥
B0 b o RKESEBEERDS, 3%@#%@%%@ﬁﬁw&i?w§,ébmi%nbﬂ%mmﬁ
Ew&ﬁiygm&i@%%mﬁﬁf%&é %%bi*ﬁ@f”vwmcﬁﬁg,wﬁ¢77
7rﬁ®+wvwméﬂﬂmfﬁéf%to%®#% EE TR, BENARBEORTHOLTH
T, mwﬁﬁﬁﬁﬁbﬁéntott,mﬁ%ﬁmtﬁmm<b«fiémmnmbﬁﬁﬁéﬁ
Ltz #T45MEIR, G%MMI@E%CLLﬂGT,*@%Mﬁ&LTPﬁQ+W7wm%E
HEZEELT,

2 % L7

2.1 ®H#

ZEMOF®Kk, T7bHH Whatman No. 1, EHA (BIF Whatman FEEET), XU
HEFHK No. 51, R—s¥—yn=v 7578 CUITHEAFEIKT) 2RV, 85, kKo
MR ELUTHERORGTR L EMEORISTREBEELZA VI, BEOKRE xR, BEEKHF)
15cm, EX WHEAFMA) 12cm T, 20k 10cm oHEEREZE ST, cOXH
HE AR A LTORBEZRE LT,

2.2 K

AT AR K (T FA LB RAE & LT3 Gagliardi 1ML TA 4/ — v~ 7 4
—2 (BTN 74—V ERT) 2BV, 7277 L Gagliardi oA RGAR W LS
ThHrh, KERTIE, TRV TNFE FEMBLUTRET 2 FAZES A2 4/ —viitiR
IR THE-12b0%, FABBSHICHELTHO, Mo I AEER(98~100%) %
FH L1,

2.3 HE

RS%E iz Fig. 1 WRT LBV TH5, 29, NaOH & POs T Lic No 7 2 288
ABADTPUSEICIEMELL L@ L, 2RI Es, 28, ~I 7+ —wnEFBE—TE
OEBEHETRA LBEROANTH 2FEBIC, 50cc/min © Np # 2 28U 5, FAEHIE, X
TEESHRECHZ 2HOAERLTNEDS, FECRTHO 1 HE2 A THESIEERIC EiR
LTEE, 205 b0 2@OHI Ne ¥ A E2BU T, TERBARBALLEEK, ZTOMOEE



273

Flow meter

@

20°C Heater Sample NaOH

N,Bormb Reagent sources Reaction vessels Absorbers

S0cc/min
Fig. 1. Schematics of the apparatus used.
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Fig. 2. Dependence of bound FA on the reaction time.
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Résumé

Gagliardi’s method, in which vapor phase formaldehyde is reacted with cellulose in
the presence of formic acid as a catalyst, was fully examined. Two kinds of filter paper
were used as cellulosic samples and formaldehyde vapor with catalyst were formed
by introducing nitrogen gas into a mixed solution of methanol hemiformal and formic
acid with which the cellulose samples were reacted. The rate of crosslinking reaction
between cellulose and formaldehyde was more rapid at a reaction temperature of 80°C
than at 30°C. Of the combinations of formaldehyde and formic acid concentrations
in vapor phase: (1° both low, 2° both high, 3° formaldehyde high and formic acid low)
the first combination, which has been examined by Gagliardi, was proved to be the most
reactive.

The most rapid reaction, with the lower temperature and lower concentrations, though
it sounds curious, can be explained by considering the interpretation of Rowland et al.
who have observed the swollen state of the formaldehyde-treated samples with an electron
microscope; i.¢., under a condition of high temperature and/or high formaldehyde
concentration the formaldehyde rapidly crosslinks on the surface layer of the sample
retarding its diffusion into the inner layer of the sample and resulting in a slower reaction
rate except at the beginning of the reaction. Therefore, in order to facilitate faster dif-
fusion and attain a higher value of reduction in swelling than that obtained in this study
(about 609%), it would be necessary to find an improved method for vapor generation.

In the range of reduction in swelling obtained in this experiment, the tensile pro-
perties and folding endurance hardly deteriorated, and these results are not very different
from those of uncatalyzed treatment.



