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Table 1. Physical constants of monomers

prepared
Monomer C /lx)nl@)nl-l 2) n |Ref.
. 72-74/0. .
2-Nitropropy! acrylate (6658. 2)(:.32‘;) 4
N 83/0.8 | 1. 4452
2-Nitrobuty] acrylate (83/0. 8)|(1. 4451) 4
Butylene glycol nitrate | 72-75/2.5 | 1. 4440

acrylate (72-75/2. 5)i(1. 4440)| 13

2, 2-Dinitropropyl 92-93/0. 1 | 1.4594 4
acrylate (96/0.2) 1(1.4592)
Pentaerithritol trinitratel m.p. 78| — | o
acrylate (m.p. 78) —
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AL LT AIBN, Bite LTRVE L 2RAIHIC
2%, 7€ br—FF34 74 ABTHREHHL,
REHE, SEREROMEEC VEL, BERBET
CHEBLIEE L, #iFE 60°C £ 0. 1°C DIFiEHlp
THREMA S, Bt HTFONEESRD
27 —nABicBAL, LREE, KMEGE IR
L, {HEIK#ET 5 OB TREERL, Bl

2-3 &R X — D3

2-3-1 FABRRARY bASFHR

Asc EPI-2 ZUifRshsd 36 06 BE BF& Alv, ieRlEs,
KBr B LU u iy VERETCHIE LR,
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#RS

MNAA k DNAA »odtii4 % AIBN 2BBt5A
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Table 2 I25:t, Table 3 {Cix Table 2 DRBRESH
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Rt r BXU r: OffikR L, SFR0HYRE
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&1, NBA-DNPA #3iXU BGNA-DNPA #%T
it, DNPA OfAZRAMIMLCLDEY Rp ME
{LLiswnwz eatb»3, £z, NPA-DNPA FZTik
DNPA oiSARfAMNT 5 & Rp b 580
NEREh S5, iz, NPA-Petrin A FRTRAA
Petrin A fXONMIZER->T Rp OMOELWZ
ERbMB, ThbDERIE Table3 ITRLAEEE/
2 —FOMHREE» S X{BEA S 3, THD
%, NPA [M,]-DNPA %, NBA [M,]-DNPA %
#$ LU BGNA [M,]-DNPA #Zcit#y DNPA 5
THMER B My ® 7 = — ORISR OB TR

NBA(1/r; = 0.91) < BGNA(I/r; = 1. 11)

< NPA(l/r: = 1.67)
NPA %) --—-OWHiEII—FKE{, NBA L BG
NA OERAERBES LV LHBbIS, 2K, £
o 3-20F0 Ry 0%k NBA-DNPA %, BGNA-
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Table 2. The results of the copolymerization of mononitroalkylacrylates (M;) with
dinitropropylacrylate or petrin A (M) at 60°C

(M) Time (min) | Conversion (%) (m,) N % Property

Nitrpropylacrylate (M;)-Dinitropropylacrylate (M;)

0 16 71.91 — - very soft

0. 158 50 33. 62 0. 121 9.87 very soft

0.322 50 17. 69 0. 194 10.93 soft

0.484 100 31.43 0.370 11.22 soft

0. 662 100 25.26 0. 625 11.89 hard

0. 824 120 22.36 0.698 13.61 hard

1. 000 120 8.89 - - very hard
Nitrobutylacrylate (M,)-Dinitropropylacrylate (M:)

0. 000 20 6. 54 —_ - very soft

0. 165 90 18. 14 0. 102 9.43 soft

0. 329 130 22.63 0. 361 10. 00 soft

0. 496 150 17. 13 0.511 10. 72 soft

0.663 180 21. 14 0.787 11.97 hard

0. 831 210 16. 18 0. 820 12.40 hard
Butylene glycol nitrate acrylate (M,;)-Dinitropropylacrylate (M;)

0.172 50 7.28 0. 104 8.56 soft

0.343 50 5.65 0.334 8.77 soft

0.511 150 26. 05 0. 467 9.94 soft

0.674 180 32.55 0.611 11.07 hard

0. 824 210 40. 12 0. 825 11,98 hard
Nitrapropylacrylate (M;)-PetrinA (M,)

0.079 15 11.68 0. 152 9.09 soft

0.186 15 14. 48 0. 265 9.90 soft

0.307 17 21.41 0. 416 10. 89 hard

0. 681 15 47.04 0. 742 11.92 hard

Initiator; (AIBN) = 3.65 X 10-2mo}/1 in benzene

(M:) = Mole fraction in comonomer
(m,) = Mole fraction in copolymer

Table 3. The momomer reactivity ratios and Q, ¢ values of mononitroalkylacrylates

and dinitropropylacrylate

M, (Q, ¢ M. r r; 1/r Vr: | rnXr Q: e
NPA  (0.69, 1.05)* DNPA 1.57 | 0.60 | 0.64 | 1.67 | 0.942 | 0.3¢ | o0.81
NBA  (0.47, 0.85) DNPA 090 | .10 | .11 | 0.91 | 0.9%0 | 0.22 | 0.88

DNPA 1.10
petrin-A | 0.66

BGNA (0.69, 0.78)
NPA  (0.69, 1.05)*

0.990 0.56 0.80
0.904 0.75 0.73

0.90 0.91 i. 11
1.37 1.52 0.73

* Present work

MOt NPA OIRAHEICH~<TIZE 1/3 TH Y,

DNPA DHSARBNRE BB L ZOFED Ry B3k
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45, Petrin A (1/r,=1.50) OREEIE NPA(l/r,
=0.73) IZHRTH2HETH Y Petrin A DiHALR
ORME &bz R Biim52 & B b »5, Fig
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Fig. 1 Relationship between the rate of co-
polymerization and the monomer feed
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Fig. 2 Relationship between the intrinsic vi-
scosity of copolymer and the mole

ratio fraction of DNPA in monomer
QO : NPA-DNPA @ : NPA-Petrin A QO : NPA-DNPA 0O : BGNA-DNPA
A : BGNA-DNPA [J: NBA-DNPA @ : NBA-DNPA
1?03 Noz 1702
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BERFOESD,

Fig. 3 iTiX, Table 3 @ r BLC 2 M HIE

1.0
E o
§ 4
8
8
s 05
q
5 o)
$
8 *
S
\:
X R

0 05 1.0
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Fig. 3 Monomer-copolymer composition

cuvves
Q : BGNA-DNPA @ : NPA-DNPA
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ANTWBLSII, 727V AMBTAFADZRAT AR L, #O3ERIIEHCEBZZLnh, Table 4 i
Whick VPWBFRIMEREZ ST/ v~ el RLEERBRY 2V ARMRAF4L ) DNPA oefl
BUROT 7 Y MR RFMICL BRTREWETR BAEWIERTE LAERENS,

Table 4. Thc monomer reactivity ratios and Q; and e; values fof styrene-alkylacryates
(M;); M, = Styrene. Q@ =1.0, e= —0.8

Monomer (M,) r rs 1/r n/rs Q: e Ref.
Ethyl acrylate 0.77 0.17 1.30 0.131 0.42 0.62 16
iso-Propylacrylate 0.76 0.26 1.32 0.198 0.48 0.45 16
n-Butyl acrylate 0.82 0.21 0.22 0.172 0.43 0.53 18
Chloroethyl acrylate 0.43 | 0.12 | 2.33 | 0.052 | 0.58 | 0.93 16
Cyanoethyl acrylate 0.40 | 0.13 2.50 0.052 0.63 0.92 16
Ethylene glycol nitrate acrylate 0.48 0.08 2.08 0.038 0.49 1.00 14
Nitropropyl acrylate 0.33 0.10 3.03 0.033 0.69 1.05 —
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Fig. 4 Infrared spectra of mononitro and
dinitro propyl acrylates and their e
copolymers

--------- NPA monomer (liquid film method)

-~ + — DNPA monomer (liquid film method)
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thane soln.) W« L 00—
Fig. 5 DTA curres of copolymers
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Table 5. The results of the copolymerization
of 2-nitropropyl acrylate (M:) with
styrene at 60°C

M;) | dpiney | Comersion| ¢ g | (my)
0. 143 110 13.01 75.57 0. 265
0. 296 75 12. 41 69. 68 0.377
0. 396 70 13. 67 69. 29 0. 385
0. 693 60 12,56 64. 49 0. 486
0. 803 60 13. 47 61. 66 0. 550

Initiatrr: (AIBA)=3.65X10-2mol/1 in benzene.

(M;)=Mole fraction of 2-nitropropyl acrylate
in comonomer

(m;z)=Mole fraction of 2-nitropropyl acrylate
in copolymer
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ZOfE Y NPA (M;) @ Alfrey-Price ® @, &
T e fiREKDI SR B,
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Fig. 7 Fineman-Ross plot for the copolyme-
rization of nitropropylacrylate [M:]
with styrene

1 =033 r;=0.10
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Fig. 6 Relationship between the rate of
copolymerization and monomer
composition of nitropropylacrylate
[M;]-styrene system
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The Radical Copolymerization between Acrylates Containing Nitro Groups

T. Yamashita, M. Moriya and M. Miyazaki

The radical copolymerization of mononitroalkyl acrylates with dinitropropyl acrylate
(DNPA) or pentaerithritol trinitrate acrylate (Petrin A) using AIBN was studied.
The resulting copolymers were fiexible or rigid solids corresponding to the monomer

feed ratio and the nitrogen contents of copolymers were approximately proportional

to the ratio.

The rate of copolymerization depended on the relative reactivity ratio of monomers

and the intrinsic viscosity of copolymers decreased with increasing of the DNPA feed
ratio. The latter may be attributed to the inhibitive effect of DNPA on the polyme-

rization.

The monomer reactivity ratios ware determined as follows:
2-nitropropyl acrylate (NPA)-DNPA (M), r,=1.57, r,=0.60; 2-nitrobutyla crylate
-DNPA (M;), r,=0.90, r;=1.10; butylene glycol nitrate acrylate-DNPA (M;), r,=
1.10, r,=0.90; NPA-Petrin A (M.), r,=0.66, r;=1.37. Also the @ and ¢ values
of NPA and DNPA were evaluated to be 0.69, 1.05 and 0.37, 0.83 respectively.

The decomposition temperature of copolymers was determined to be 245~255°C

by the differential thermal analysis.

(Faculty of Engineering, Toyo University.

Kawagoe, Saitama, Japan.)
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