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(57) Abstract: Disclosed are: a thermally decomposable compound, which is thermally decomposed to generate a nitrogen gas,
thereby foaming a resin; and a gas generation method using the same. The thermally decomposable compound is represented by
chemical formula 1 (in chemical formula 1, X is an alkyl group having 1 to 10 carbon atoms, an aryl group having 4 to 10 carbon
atoms, a heterocyclic group having 3 to 10 carbon atoms, or a Group 13, 14, or 15 element on the periodic table of elements; R is a
single bond or a double bond; D is a group including hydrazine moiety; and n is an integer of 3 to 6).
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Al g8H= Aoltt
AA A s

A7 HAE G flste], B U 8] 3)ehA 12 A Y= EEAE
A &gkt

[heb 1]

X~-R—D)p

&71 ket 10, Xz ' 1WA 109] 47, B 4 WA 109] o7,
B 3014 109] slEl 2] 7] B A4 FUIE R 135, 145 BE 155
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2 g o] WM A 7F AL E = R Ol A2, 2 ol € (PR,

= 2 (PP), &2 9 3H) Y (PVO), Z8] 7R o] E(PC), & 2] 2~ ¥ A(PS),
ofu =, o} Al e, 2~ ¥l F-Eh] <l 2L5-(SBR), ol € 7l-H] ol A H| o] E

34| (Ethylene vinyl acetate copolymer: EVA), ol & €152 = 3 &l 315 (monomer
rubber: EPDM), & 7}4~4) ©F4] A (Thermoplastic Elastomer: TPE), & 7} A4

< 2] 9@ §H(thermoplastic polyurethane: TPU), € 7}4~4) 315 (Thermoplastic rubber:
TPR), ABS <~A|(acrylonitrile butadiene styrene copolymer), 2L5(rubber),

N ZAl(epoxy) TA, oFLH 74| T ZAF T = HA FATFANEE

DTk gt A ] W FA o A, ZHE JFH Y| o] E(Calcium carbonate), 2F 3}

o} ¢4 (Zinc Oxide), 2~ €| o} & 2H(Stearic acid), U] A = =32

3 eh¢ o] E(Dicyclohexyl phthalate) 52| ZV<& H7MA & AR8-3 5= At} 7]

MHE O A A7) Rz W) AR A 2 AL S
Hogo] w2 A FEA = AFEE A E, Brolo] B F 2 E A, 7hy A

AW G, lE] 2~ E FH(weather strip), &2 & X oo HE 9] Xl

Z v} 2~ ¥ (engineering plastic), A& W/ 4 A 5o AF& A=, A7, TV,

PO HFE) 52l 771 7] 0] 22, SAL, 2204, Sl ¥k o W A 3
A% A% WA, A, b, 91298, $5 8t el 5ol 319 (footwean)
AE, ot D ofelol g vl =, gk Sl frobg AE, T Al oAl Abe)
AT EE Ve Beb Y 87] Bl H89H o9 5 Aok

e o] AAIE 9T FH

ojsh, AA & ool & LS U5 dAE AR dnt. sh7] AAjel= &
Er e dAlsh] AR A em A, 2 od o] Wk ols AAldlel oel A =

Ale] 1] 3}8HA] 1d8 FA = w3z A o Al

&t7] Bhg-2] 30 vebdl vkl o), ol sho] B2 F 2 eho] = 19.1g (0.2
mol, Guanidine hydrochloride) 2 -8 vl & 4] t] %4k (Dioxane) 100 mLE &g}~ 9]
W wEkE i), 3] S8k, 3 =gk B dlo] =2 o] E (hydrazine
monohydrate) 80% 40.0g (0.8 mol)-2 -0l A 3] & 7}3k the-, 24 7F 59t
35 (reflux) 2 wHESIGITH £ o2 A 2o A, Y] & AHDioxane) 2

L EBOMZ A Hafol, 31514 142 TAH= A4 33e e
A3 TH(G 5 82%, DT: 224°C, GV: 300ml/g, NMR : & 4.50 (2H, NH.,), & 8.60
(1H, NH)).
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[45] at7] ¥h-3-2] 40 vEbd vl o], ol | Lo E ¢ o] E 24.4¢ (0.2 mol,
Guanidine nitrate) & 8w 2 4] o] & (Ethanol) 100 mLE &t~ =0f Wil
WREEGITEH 7] e, ] = Fimslo] = o] E (hydrazine
monohydrate) 80% 40.0g (0.8 mol)S 2ol A 3] 2713k th2, 241 3F &9t
- (reflux) 2 HHEEQITh Bo R A0 A, o B (EOH)Z A 2 5to], 5}8)2]
1pE EAIH = A 8358 A8 THE | 80%, DT: 214°C, GV: 300ml/g,
NMR : 6 4.46 (2H, NH,), & 8.56 (1H, NH)).
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B 1
‘ e 2
Hav” Sy, EOHreka “’f N
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[48] [ Ao 2] 3}8H4] 1bE FA] W= WA o A%
[49] 3}7] wh-g-2] 5o Yebd vle} o), Ev] & 2 2l Al 30.0 g (0.165 mol, Trichloro

benzene) 2 =(H20) 150 mLE Zd} Ao @i wwkatgioh A7) Zep =0,
3] =7l B 8}o] = o] E (hydrazine monohydrate) 80% 46.5g (0.74 mol)-S-
Rt | R B e T s g e ot =S P B o al=] a2 e SR =LA L 7 R S Sl
Aol A, EH20)E Al H 3t 2184 1bR A ¥ = A 3t ES
A3 TH(G & 74%, DT: 300°C, GV: 160ml/g, NMR :6 5.21 (2H, NH,), § 7.37
(1H, Ph), 7.67 (2H, Ph), & 9.67 (1H, NH)).
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[52] [ Ao 3] 3}8HA] [cR B = B E A A%

[53] st7] BE&2] 60l YER BEe} o], Alofsg] SR d}o] = 18.4 ¢ (0.1 mol,
Cyanuric chloride) 2 &(H,0) 276 mLE & &}~ ¥ a1 aukal vt 4]
Sl 3 =gk B 3ol = ¢ o] E (hydrazine monohydrate) 60% 31.25g
(0.5 mol)& 3 3] 2 7hgk b2, 241 ZF &t $H R wnkelglth # o=,
Ao M, EH0)E Al &8, 318124 [c& BA ¥ = AN 33=&

A3 TSGR 91%, DT: 270°C, GV: 220ml/g, NMR :6 4.64 (1H, NH), & 8.81
(2H, NHy)).
[54] [HE-&2] 6]
[55] /NHZ
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¢l /L
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NN . Y
/k s o /k\ /H\ o
2
NN v
cl N Cl H? N \
NH,
[56] [ Ao 4] 3}8HA] ImE FA 5= wE Ao A%
[57] 371 w321 70l vhERd uhe} o), AAJ o 1o A 7HAd gk 31812 1dE A E =

3}3h= 20.0g (0.21 mol), oFA EAF 63.0 g (1.05 mol, acetic acid) & = (H,0) 200
mLE Zef Aol Wi kst 44 7] Eef 2~ e), NaOCN 61.2 g (0.942
mol)-S 3] Aol A A7}t T}, 75 °Coll A 3} 1 overnight) 2L HFS}SI T
Fo g Ao, B(H0) L ol §FE(EOH) & Al & 810, 3}812] ImE H A=
B 318 A B TSGR 88%, DT: 295°C, GV: 166ml/g, NMR :6 7.22 (1H,
NH), 6 8.87 (1H, NH), 8 9.99 (2H, NH,)).
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[60] [AA] e 5] 8824 1nE TA| %= WA 9 A%

[61] st7] §kg-2] 8ol YR BEe} o], Frol U d slo] m R 2 2ko] = 5.0 g (0.05
mol, Guanidine hydrochloride) ¥ 8w 24 t] %4k Dioxane) 100 mLE &2} 229
a1 wksl it} ] Zebae, Bl EgRE ol vl 15.6g (0.18 mol, tetrazole
amine) S Aol A A 71 U, 241 2F S o g B alRke it £ o2
Al P-of A, t] 22 (Dioxane) 2 ol H2-(EtOH) = A & 3}o], 3}8F2] 1n® FA] ¥ +=
A 3138 A A tH(5R & 51%, DT: 280°C, GV: 80ml/g, NMR :8 6.45 (1H,
NH), 6 14.35 (1H, NH)).

[62] [¥F-3-2] 8]

[63]

NH

_ \
EZN)LN; N\\;\>_W2 Dioare, el “”)LE | /
A

[64] [ Ao 6] 3}8}4] 102 A ¥ 3= A 2] Az

[65] at7] ¥h-3-2] 9ol YRl vkl o], ol Sfo] =R F R o] = 20.0 g (0.2
mol, Guanidine hydrochloride) 2 -8 vl 2 4] t] %4k (Dioxane) 200 mLE &2} 2~ 9])
W ks t), A7) Zefsa Aol Wzt o]l =8k = 100.0 g (0.73 mol,
benzoic acid hydrazide)e 2] 7}¢F T} -, 35 W (overnight) & SF S+ 2
Ak T E o 2 21 eol A, Tl S A (Dioxane) © 2 4] X 5to], 3814 10
TAE = A 3RS A S TN 77%, DT @ 110°C,GV: 100ml/g NMR :6
6.99 (1H, NH), 7.33 (5H, ph), 6 11.13 (1H, NH)).

[66] [RE-3-21 9]
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67]
O
0 f
NH N,Nﬂz . HN\N
4 : > H
HA” NH, H o Dioxane reflm A
"
oo
0
[68] [A Ao 7] 88H24] 1kE TA ¥ 3= W2 A 9 A%

[69] 371 Wh-g-2] 100]] e vl o], EElE Eg Aol Elo] = 1.29 g (10
mmol, Potassium tricyanomethide), NaN; 2.2 g (33 mmol), ZnBr, 6.76 g (30 mmol) el
S| 24 E(H,0) 50 mLE Fek~ =190 @iz, 315 Y (overnight) & QF 3HF 2
WHEE AT HEE =S A 20X 22 A5t 2 33HE S A, o] & 4N
HCIell H7Fsto] 18 AlZE &<t ainbslglet, wh-3-E-& of H(filter) st & 14|
8} 3HE-& ThA] IM NaOH 25 mLol| &3] A1 71 3, o] 2} 35} 3] U}, o] 2} 2 (filterate) S
AN HCIZ F3A 7] &, = =2 Al A 3to], 3toh2 k= A 5= I sl
A B TH(G 5 46%, DT : 310°C,GV: 84ml/g NMR :  7.01 (1H, CH),  12.01

(1H, NH)).
[70] [WH-&-2] 10]
[71]
N=
I
N_ N
N
\ﬁ N N
, . NaNs /nBr /R N
C\{;ﬁ K : o N\x i,N
i Dioxane, reflux NN Ney
N
[72] (A Ao 8] 3}8FA] 1s2 B ¥ = ¥ A2 A%
[73] at7] ¥h-3-2] 1100 YEbd vpe} o] A e)F HEGE R ] = 16.9 g (0.1 mol,

Silicon tetrachloride) 2 £l 224 3 2H(Hexane) 200 mLE =22~ =9) ¥ 31 0°C
akskiTt, 7] EFek 2ol 100% kol = ek 89 15.6¢ (0.4 mol, Hydrazine
Hydrate 100%)2 2L, 3154 5 ¢F0°C~20°C 3L HFE} I, 0.2 -5°C o] A
& H(Hexane) & 9 stoll APAA & A4S s, 3812 152 TA ¥ = 4
S FA AT & 65%).

[74] [WH-&2] 11]

>
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[75] THQ
| |
EtN, 0°C, Ovmight |
OmSimeCl 4 HN—NH, ARV TR
l Hexane H | H
Cl N
!
NH,
[76] (A Ao 9] 3}8HA] 112 FA ¥ = A Q] A%
[77] st7] §kg-2] 1200 e vhef o], Enl e 4T 7.21 g (0.1
mol, Trimethylaluminium) % -8 vl 2 4] & 4k(Hexane) 200 mLE &2t~ Wil
0°C W HkEI Tt 7] Ee 0] 100% 3o =kl 89 7.5g (0.15 mol,
Hydrazine Hydrate 100%)< Y 31, 304 &St 0°C~20°C 1LHF3}QATH £ 2 2, -30°C
ol A &k Hexane) &9 3ol A2 & 24 34, 3182 112 TA == A
shgt=& 4 AT E: 85%, mp: 105°C).
[78] [WH-&2] 12]
[79] }
NH,
\Ai\i
E LN rL rr N P
Al t HyN—NH, » NN,
7N N A
1IN\
N | AN
RN | N Ny
y |
7/ } NH,
[80] [Z5d 1] dxzA ] Pl 2%
[81] AAlel] 1 WA 73 ¥ ale| 4] o} 2 T] 7HE- o} 1] Z(ADCA) ZH2} 500 mg S

7t sle] Al 71 A, 78l < % (DT: Decomposition temperature) 2 7} 2~ -5
(GV: gas volume)& =4 5+91 0.1, 1 A= 547] T 10] eh gk,
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[82]

[84]
[85]

14
[321]
A 33 &l 2% C |7} (mL |H]
) /g)
H| o]  |o}Z Y] F}E ol =(A (202 220 -
DCA)
A 1 |&8H2] 1d 224 300 Gas™ = 1,
&l 7F 2~ X
Al 2 |38HA] 1b 300 160 ALFH L0
a7k X
AAle) 3 |88 e 270 220 T2FH AL 0
a7k X
AAld) 4 |3}8HA] Im 295 166 ALFH L0
&l 7F 2~ X
AAle 5 |835H2] In 280 80 AT AE0
a7k X
A 6 |3} 1o 110 100 2A4 9le
AN 7 |3FEH 1k 310 84 28 T4 HE0
&l 7F 2~ X
1 E2E B ad e A o] e EEA S o] 8ste], 42t
Ze| T2 L(PP) R o el ﬂl‘éOMlEﬂ o]E FF3A(EVA)E XA A A
Wz A o] R 73 FEjE RolF= A} du| A ALzl o]t} E1,2‘§’<£10ﬂ
4%ﬂﬂﬂ%@,hgﬂﬂ ff%gﬂﬁ

[2 3] d] 2] PVC solol] o 3t 53] 7} 2= H-4]
A7) DA o) 1ol A A e 3}k 1dE BA ¥ = ¥ A 3.5 phre} 2 oA

A](Resin)Z 4] PVC sol 100 gr& 3000 rpme] %2 A A% 7] A4

1L HE7] (mechanical stirrer)l] 4] 24-3F 238} SI T 7] =3 sol 100 gre

¥ (coating) A ol 37, 1.1 mme] Y}-FE (Bar-coater) & ©|-&35}o] =X 71
AE L3512 9 Hof Yo PVC foamE A 231 a1, Al 2% PVC &9 4 ¥n& 2
Frall 7kl EEoE w5 E S48t L ARE st 3 200 YEFHRIT o
o, A7) 5 582 QP9 251 230°CH AL, WE AR 1R 14 23
E3 8] 229 ZEoOES] FEE B FalEA HAN(SGS)S &S] gy
AL 7] AL A HAFEFA T N.D.(Not detected)= EE ol =9] 557}
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[86]

[87]

[88]
[89]

[90]

[91]

[92]

15
4% e s 2 IAIAY, EAEA &S A o
[3£2]
=5 IRt Formamide -5 5
D300L (ADCA) 7.3 mm 405 ppm
AA e 1354 1d) 4.5 mm (61.6%) N.D

7] 3% 200 VPER vhef gho], W 82 0 2 AR E] =
ol £ U 7h o] =(ADCA)= E g o =7 v kg op= v, 2 b o] uh &
XA = EFoH =7 548 F glavtE 23 A4 9A
et AlE o Aok

[ oll 3] A o] Fef Al LA == 7k AR 24

Pyrolizeri= Eco-cup LF & AF8-3lo] AR (A A] 4] 10 4] §H4d gt 8}8H2] 1d=2
FAH = A oF v o 4 9] ol £ U] THE- ol =(ADCA)E V| F
Al Z(weighing) 331, 23 €] glo] vl & (direct) S48t A7) Al B3 250 °C9l
> 5 & 7R = 7FE ZE(Furnance)ol| A 1 #-3F A 8] 8t H, F&l 7} ~& dol
7t A R v E ] 3 A 2 E A 7| (gas chromatograph/mass spectrophotometer, ©] 3},
GC-MS)= a3l

HEE A o] 7F2s H-2]of] o] 83 GC-MS ¥4 7] 7]+ (Agilenttd 7890)2
o]-&35}5l a1, GC-MS 2| A & (Column)< Ultra Alloy-5 (30 m * 0.25 mm *0.25 um)E
o] &5} t}h B E 4 (Flow rate)™= 1 ml/min & & &3 a1, 30 ¥3+ @& &3l o,

1 ARE 87 % 39 YeER A

[3£3]
Component Formula |Area %
Aol 1(3HeH4] 1d) [B]aLell(ADCA)

Ammonia NH; 12.6 41.9
Water H,O 0.0 0.0
Nitrogen N, 85.2 0.0
Nitrogen + Carbon monooxide |- 0.0 23.6
Carbon dioxide CO, 2.2 32.7
Formamide H,NCO |0.0 1.8

H
SUM 100 100

#37] 30 LR s} o, 4 0 & AL g H =
ob ] 7HEob] E(ACDA)S] A5, EBobr| =, Lol 59| fral kvt v
MPALSHE N, 2 g ol w2 MR A = AR = 1A o] o) Q1A

r |




PCT/KR2016/012247

WO 2017/074099

16

7 g et

j

ol

Ay
s ol



WO 2017/074099 PCT/KR2016/012247

(7478 1]

[7d - 2]

[ 3]

[T 4]

4% 5]

[ % 6]

(7478 7]

17

AT
at7] g}eta] 12 FAIE = 7R E Sk
(3542 1]

%~4-R—D)n

A7) e 1ol A, X B 1WA 109 €2 7], vhaa 4 A 109
ol 7], kA= 3 W] 109 Sl 23] 7] iz 94 71839 135,

145 I 155 Y4bo| 3, Re @Y 2F 1= o5 2o, DE

3] =22 3¢} 7](group including hydrazine moiety)©] 3, ni= 3 W #] 62

Aot}

Al 18l o)A, 7] X gk fA, sl 7], 1,.3,5-E g ozl 7], AAN),
AP Z(Sh) B EFHHADLE o] Fo 3l 7 0 B HE A EE L, 4

sl =ekd 3238 7|(D)i= 3] =2kX 71(-NHNH,), Y E 20171 7] (-NHNO,), %
N-N- #3588 361 sl e 2 are] 7] & o] Fol %] - o R E ey =

AR 7t 24l g eh=.

124, 7FR.d 7], olu| =7], e &2 =}
= BAT 1WA 209 §FslpAT], ol 7] H ol 5] ¥ o R

u = 2872 238 A9, 7L 53

rore
N
il
kd
it
ol
X
=
kd
it
Ot
ol
A

5

LS
BN e i
&y o
2
M
o
[l
_{
o,
2o
L)
w

Al 1 WA 209] ghebpar] = whags 1 WA
A7), B2 WA 109 AL 7], §452
S5UA 109 Al 2L A7, Al E2 LA 7]
4 =] 109] o}& 7], 21 =] 5719 3 e =
ARAE F36 71} 81814 = A= 4 U X 109 e 2ol 7] =
e ZA| 7] & o] Fo 7 T o BIE MEE = A9, 7ML 8
shetE.

Al 1346l lofA, 471 D& Q1 &

xgtelE dFvEe AR 23E = S, 7t
45 WA 90 FH%e] +4; 2

10 WA 55 T%F%2] 8}st2] 12 ZA W 7] 5o E2kE o 9=
7t R 33ES E3eh= np g u) X,

(3542 1]
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%~4-R—D)p

371 882 1o A, Xz A 1 Ul A 109] &2 7], @A 4 Ul 4] 109]
ol 7], A4 3 W #] 109] Sl el &) 7] = A4 T8 8] 135,
145 3= 155 YAbo|5L, RE 9 23 = o] 5 A golH, D=
3] =2} A3} 7] (group including hydrazine moiety)©] 31, ni= 3 W #] 69

2 2= o]0}

773 8] A 78l Al A, 7] FA = Ee ol e (PE) =9 Z 2L (PP),
E G EPVO), & E] 7FEM O] E(PC), & 2] =B JI(PS), &2l obH] =,
O}, 2<E| 91 R EFT] 9 5 (SBR), ol e al-v] dol Al el o] =
5 SAEVA), ol 2 2 LA a1 5(EPDM), E7H2A ¥4 A (TPE),
A7} A E8] 97 EH(TPU), D7FA SL5F(TPR), oA H 2 E
et Ql 2Bl FFFA(ABS), LT, ol FA| 4] E o} A FAR
o] %017 0 = RE] A= Al vk 2E] WA,

%473 9] ak7] shelA 12 A H = 7 el 3= & ol gshe] g A
[shebA 1]
X~4-R—D)p

71 Bheba] 104, Xz B 1 WA 109 &2 7], s 4 W+ 109]
o 7], /A 3 WA 109 dlEl 2are] V] = A 718 3% 9 135,
14Z = 152 940] 31, RS @ A3} 1= o) F A3lo|y, D=

3] =2} A3} 7] (group including hydrazine moiety)©] 31, ni= 3 W #] 69

[7d7-8 10] 3}

X~§R—-Dp

7] 8hekA] 1o A, X e 1 WA 109 &2 7], §44= 4 WA 109]
obH 7], B 3 A 109] ElH 2 are] 7] His A ST 83k 135,
145 3= 155 9Ao) 3, RE 9 A iz ol % Ago|H, D=

3] =22 3¢} 7](group including hydrazine moiety)©] 3, ni= 3 W #] 62
2 2=o|}.
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