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Abstract: Polyoxymethylene (POM) is a polymer composed of formaldehyde as a monomer and has excellent physical
properties. However, it has low thermal stability and is easily decomposed, thereby generating formaldehyde. In order to
reduce the emission of formaldehyde from POM, nitrogen compounds are used as a reducing agent. In this study, a simple
method of analyzing the content of hydrazide compounds, a formaldehyde reducing agent, added to a low odor POM
copolymer was developed using ' H NMR spectroscopy. An excess amount of formaldehyde was added to the analytical
sample to convert the entire hydrazide group to a hydrazone which is easy to analyze in 'H NMR spectrum. It was con-
firmed that the quantitative analysis of hydrazide additive was possible with accuracy of 95% level.

Keywords: NMR, polyoxymethylene, formaldehyde reducing agent, hydrazide, hydrazone.
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'H NMR £8. NMR 39S 95 BE ASES 1,1,13,33
-hexafluoro-2-propanol-dy(HFIP-ds, Sigma-Aldrich)2} CDCl,
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Scheme 1. Reaction of dodecanedioic dihydrazide with formalde-
hyde to form dodecanedioic dihydrazone.
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Figure 1. '"H NMR spectra of (a) free dodecanedioic dihydrazide,
and its mixtures with (b) 5 pL; (c¢) 10 uL of formaldehyde. When
10 puLL of formaldehyde was added, all of the hydrazide was con-
verted to hydrazone. Peak numbers refer to Scheme 1.
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Figure 2. Partial 'H NMR spectrum of hydrazone with its isomeric
structures.
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Figure 3. GC/MS spectra of (a) free dodecanedioic dihydrazide; (b)
its mixture with excess of chloroform.
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Figure 4. 'H NMR spectra of (a) the initial POM model sample and
the sample after addition of 3 uL (b); 5 uL (c) formaldehyde.
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=g 7lele] Fo 2N BE o] =gkrlo] = 7| (hydrazide
group)’} fo|E8lE=0 2 vl =& sjjof g}, Figure 490 Y
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Table 1. Peak Analysis of POM 'H NMR Spectrum"

Peak Chemical shift Chemical formula moiety Monomeg
No. (ppm) sequence’
4 6.978(d)
ZC(O)-N 'NH'N:CHZ
4 6.642(d)
5 6.796(d)
EC(O)-N 'NH'N:CHZ
5’ 6.497(d)
6 4.960 -CH,0-CH,0-CH,0- -MMM-

4.877 -CH,0-CH,CH,0- ME
8 3.824 -CH,0-CH,CH,0-CH,0O- -MEM-

“The notation ‘M’ and ‘E’ mean oxymethylene and oxyethylene unit,
respectively.
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W A 7A 2] A E8])(molar ratio)s 7 = QoM A}
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Figure 4¢] 'H NMR 232 #Z vt o 2 2.0 wi%2
dodecanedioic dihydrazide A73#|7} 23 POM 2d A5
o] A7HA| S AT A3, POM WA tiB] #7349
EHE 100:0.228 AXFE AT AR, Shuke] A7k A}
of T 7H9] sfe|=grto| =717t EAlStEE AAA ] A7t
TEHS UERE slel=siAtel=r19] &4 100:0.442 &
T Sloh. 2H]€] Artells, AFE POM REAI S} 1.5%
oxyethylene @& Xgtehe FFdAoARE, 22 EH
o5 ZEUH I =E TASH= oxymethylene TH$](-OCH,-)
A&l A1 52l 4.960 4.877 ppm 3 =(6, 7TH)2] 2 E gkt
ARSI mebA o] A3 A S 0.44%S] oxymethylene
GlellA F9 ddo] WAE WhEolle XEYS =9} vt
S F = ARAIZE AB 23E ] IS eJnlsitt, o]
gk 8]0 A= AAe] FRY S B2
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POM FaAlol 23 A A74Ae] FANEES 7+
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T < MWy + I x MW+ I %< My,

%100 (1)

FANA Ly, I, I ZFZE oxymethylene(6™H 2} 7H1),
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T FATFE M7 Ui T ARHE B AEdx AMSE
roltt. zt w9 Aol zF TR o] AV MWy, MWy)



A1 FBEYYS 013

[S=E=1

3 AZA BAFMI)S T3] TP S N1FoR A%
Aol FAMES =31tk POM 2d A|5olA NMR =
A7 20l Y 47 1.9 wi%ed] AdA17F g8 Ao
2 B0 ol 2 AR Azl ARSE 2.0 wt%2] 95%
T2l SRkl

XE Al POM W ZSek I3I
o|=glo|=A A7}A¢}t o] & EFE POM A 5o thit
A Fol, ZELs| =S v %6& slo|EglE A5 E o]
&5 AA = EAHel fr & %‘% elsiint. ol g &
AE Al POM &A= A-87FsEA] A5str] f1st
o], dodecanedioic dihydrazide?} 0.3} 0.5 wt% 3 A3
AFS POM F58A Al5ollA AA9] s ATkt

Figure 52 7 7FA A3 POM 353A AlF A 5ol thsh
'H NMR Z=#|ER] o2 3}7Fo] XFAUS =5 7] HF
o] Wals HoiFa k. AUAE s iﬂ;}"ﬂﬂ kel

A BN g, F7HE o2 TELHE| =S 7slr] Ao
T 6.5~7.0 ppm F-ZollA slo|=glE w7t Olﬂl Aok
A ERIT = 3Tt o= #F POM A5 AEAE 2
AolA o] =EEwA IS TELH S| =9 A 73A| 2]
W30 2 slo|=alEe] FAEUNY] wEelth. TEU =
A7 7} T3 AF POM 35EA AEL] AolE ALk
(spec)ell Fsh= ALAZE 2= A=A IRk o]

Xzl MM, 5t

(a)

.| a__J) " M

ezl nemic e il

70 69 68 67 65 65 64

Rk Mool

(c)

70 63 68 67 65 65 64

|‘I AR _III o

(d) ‘

Th 63 &8 &7 sJa 85 64 l
L — _JI'J‘"A__A_ J_ _.i_ . E——r

"85 B0 75 70 65 B0 55 50 45 40 35 30 25 20 15
Chemical shift(ppm)

Figure 5. '"H NMR spectra of low odor POM copolymer samples
containing (a, b) 0.3 wt%; (c, d) 0.5 wt% of dodecanedioic dihy-
drazide as a formaldehyde reducing agent. Note that (a, c) are the
spectra of initial samples, while (b, d) are the spectra obtained after
addition of excess formaldehyde (10 puL) to each sample.
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7} 100:0.009 ¢S A4 = AT}, Table 20 A A E 23}
7o) 0.5 wi% AMAAIE E3s AF ALF POMS] 739l &
A3 WP o R AEsh, 7)o AFshe AAe Y=
100:0.0310]22 A gHaFS 100:0.0512 AlXF= AT} 2HF3)
= AAe] ke A gl vEskAe, A7Ae] sk 2b
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o} ol 7 7R AMFe] POM Al5eA Tdg 4% 34
ol S 2ELH 8| = Fo] fAsItR= A 740 o] gt

29 AgefAe} 72o] 'H NMR F]32] Hin]e} 24 (1)&
ol-g-ate] A A7A| Q] FAMEES A A3}, A 7HA|
o] FtaFo] 0.3 wi% AF%Cl POM Al oA & 029 wt% &
0.5 wt% AFdolA= 047 wi%z ZHz ARt Q). olge 4
5 F3te] AAl AF ARFe] POM AEdAME B
A9} B]5=8t 0] HIe g A7 e A=E 4= 9tk
= AL Folsnt

m[o

Table 2. Contents of Formaldehyde Reducing Agent
(Dodecanedioic Dihydrazide) in Low Odor POM Copolymer
Samples Analyzed by 'H NMR Experiments

POM Molar ratio” Weight percent (wt%)
(spec) Residual Total Residual Total
0.3 wt% 0.009+0.002 0.031£0.003  0.08+0.01  0.29+0.02
0.5wt% 0.031+0.002 0.051£0.003  0.30+0.02  0.47+0.02

“The molar ratio was calculated based on the POM content of 100.
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