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Abstract: This study presents the results of determining the kinetic parameters of the decomposition
process of system Nitrocellulose-Cellulose-Trinitrotoluene. The kinetic parameters were
determined based on differential scanning calorimetry (DSC) data using the Kissinger and Ozawa
methods of NC in the samples of NC, NC-Cellulose, NC-Trinitrotoluene dissolved in solution,
molten  NC-Trinitrotoluene,  NC-Cellulose-Trinitrotoluene, ~ NC-Cellulose-Trinitrotoluene-DPA,
NC-Cellulose-Trinitrotoluene-Centralite No. 1, NC-Cellulose-Trinitrotoluene-Centralite No. 2.
The degree of thermal decomposition of the samples of NC-Cellulose-Trinitrotoluene containing
chemical stabilizers such as DPA, Centralite No. 1, Centralite No. 2 was evaluated by measuring
the gas pressure over time of the decomposition products.

Keywords: Nitrocellulose, Nitrocellulose-Cellulose-Trinitrotoluene, kinetics, thermal
decomposition, manometer.

* Corresponding author.
E-mail address: manhtuong74@gmail.com

https://doi.org/10.25073/2588-1140/vnunst.5869
74



P. V. Khuong et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 42, No. 1 (2026) 74-89

Nghién ctru qua trinh phan huy nitrocellulose
trong hé nitrocellulose-cellulose-trinitrotoluene
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Tém tit: Nghién ciru nay trinh bay két qua xac dinh cac thong s6 dong hoc cta qua trinh phan huy
ctia hé NC-Cellulose-Trinitrotoluene. Xac dinh duoc cac thong sb dong hoc dua trén dir liéu phan
tich nhiét luong quét (DSC) bang phuong phap Kissinger va Ozawa ctua NC trong cac mau NC,
NC-Cellulose, NC-Trinitrotoluene hoa tan bang dung dich, NC-Trinitrotoluene noéng chay,
NC-Cellulose-Trinitrotoluene, NC-Cellulose-Trinitrotoluene-DPA, NC-Cellulose-Trinitrotoluene-
Centralite s6 1, NC-Cellulose-Trinitrotoluene-Centralite sb 2. Mitc do phan hily nhiét ciia cdc mau vat
litu NC-Cellulose-Trinitrotoluene c6 chira cic chit an dinh héa hoc nhu DPA, Centralite s 1,
Centralite s6 2 duoc danh gia bang phwong phap do ap suat khi theo thoi gian cua san pham phén huy.

Tir khéa: Nitrocellulose, Nitrocellulose-Cellulose-Trinitrotoluene, dong hoc, phan huy nhiét, ap ké.
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1. Mé dau

Hién nay moét trong nhiing hudng nghién
ctru quan trong cua khoa hoc quan su 1a nghién
ctru thay thé cac chi tiét vo lidu phong, vo dan
kim loai bang vat liéu compozit mang ning
lugng [1]. Cac loai vat liéu nay thuong chira
nitrocellulose (NC), cellulose (b6t kraft), phu
gia cong nghé, chét an dinh hoa hoc va cac phu
gia mang ning luong khac [[3]. Trong sé céac
phu gia mang nang lugng, trinitrotoluene, do c6
nhiét d0 nong chay phu hop vdi qua trinh gia
cong (khoang 80 °C), duoc st dung dé thim
tim vao tAm vaAt liéu nén nitrocellulose-
cellulose dé tao ra tim vat liéu Nitrocellulose-
Cellulose-Trinitrotoluene c6 co tinh tot va trir
luong nang lugng cao [4].

O nuée ngoai, vat li€u Nitrocellulose-
Cellulose-Trinitrotoluene da dugc tGng dung
trong quan sy, tuy nhién vi yéu cau bao mat,
khong co cac cong bd cu thé vé tinh chat phan
hiy nhiét, d§ an dinh hoéa hoc va cac tinh chét
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khac cta vat liéu nay. O trong nudce vat liéu nay
dang budc dau duoc nghién cuu, ché tao. Dé
¢6 thé dua vao tng dung cAn nghién ctru qué
trinh phan huy nhiét cia hé Nitrocellulose-
Cellulose-Trinitrotoluene, cling nhu danh gia do
an dinh hoa hoc cta hé véi ham luong cac chét
an dinh hoa hoc khac nhau dé dua ra duoc
chung loai, ham lugong chét an dinh hoa hoc phu
hop nhét cho vat liéu.

Nitrocellulose 14 hop chat khong bén vé mat
héa hoc, n6 bi phan huy cham theo thoi gian.
Céc san pham cta qua trinh phan hiy 1 cac
oxit cla nito, cac oxit nito cd tdc dung xuc tac
cho qua trinh phan hiy cua nitroxenlulo. Vi vay
dé dam bao do bén hoa hoc clia cac vat ligu
chira nitrocellulose ngudi ta thuong bo sung cac
chit an dinh hoa hoc c6 kha ning phan tng voi
cac oxit nito. Khi cac oxit nito bi bt giit boi
cac chit an dinh hoa hoc s& khong con kha ning
xuc tac cho qud trinh phan huy NC, lam tang do
bén hoa hoc cua vat liéu. Cac chat an dinh hoa
hoc thuong dugc dugc dung la diphenyl amine
(DPA), metyl Centralite (Cen 2), etyl Centralite
(Cen1)[9, 10].
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Dé nghién ciru qué trinh phan hay cia NC,
phuong phap phan tich quét nhiét vi sai (DSC)
khong ding nhiét thuong duoc st dung. Mau
can nghién ctru dugc dua vao phéan tich DSC &
cac tbe do gia nhiét khac nhau. Két qua dua ra
1a cac gian d6 nhiét voi cac dinh phan hiy khac
nhau. Cac thong s6 dong hoc ctia qua trinh phan
hity nhu ning luong hoat hoa, hé s6 Arrhenius
dugc xac dinh bang phuong phap cua Kissinger
va Ozawa dua trén cac dinh phan hay do
[10-14]. Nang luong hoat hoa (Ea) 1a mirc nang
luong t6i thiéu ma mot phan tu can dé tu
chuyén sang trang thai chuyén tiép va phan huy
thanh san phém. Gia tri nang lugng hoat hoa
cang thip, phan tir cang d& phan huy. Hé s
Arrhenius (A) biéu thi tan sudt ma mot phan tir
don 1é ty dat duoc cAu hinh hodc nang luong
can thiét dé phan ung xay ra. Gia tri nay bi chi
phdi boi chuyén dong ndi phan tir va cau trac
phan ttr, khong phu thudc vao va cham véi phan
tir khac. Gia tri A cang cao, tan sut phan tir b
phan hiy cang cao, dé don gian trong biéu thi
cac nghién ctru thuong tinh toan gia tri logatit
co s 10 cua hé s6 A (logA) [12].

S.M. Pourmortazavi va cong su nghién ctru
cac thong sé dong hoc cua qua trinh phan hay
NC c6 ham lugng nito 13,9% dua trén phan tich
dix liéu DSC & céc tde do gia nhiét 5, 10, 15,
20 °C/phat, bang phuong phap Kissinger va
Ozawa. Ning lugng hoat hoa xac dinh bang hai
phuong phap tuong tng la 156,8 kJ/mol va
154,0 kJ/mol; logatit co s6 10 (log) cta hé sd
truée ham mil 1an luot 14 16,89 va 16,58 [15].

Slimane Bekhouche va cong su dua trén dit
lisGu DSC ¢ cac tbc do gia nhiét 5, 10, 15,
20 °C/phut xac dinh dugc nang lugng hoat hoa
cia NC gbc c6 ham lugng nito 12,6% la
191,8 kJ/mol va giam khi bd sung cac phu gia
nano, cu thé xuéng con 163 kJ/mol
(MgAI-Cu0), 167,3 kJ/mol (MgAI-NiO) va
189,0 kd/mol (MgAI-TiO:), gia tri Log A lan
luot 1a 18,4, 15,3, 15,7, va 18,2 cho thay rang
viéc bd sung cac chat phu gia nano nhu vdy
gitp thic ddy qué trinh phan hay ciia NC [16].

Ling Chen va cdng sy nghién ciru xac dinh
nang lugng hoat hda cua qua trinh phan huy NC
gbc, va compozit ciia NC va cac thuée nd RDX,
HMX va CL-20. Két qua phan tich dir liéu DSC

& cac toc do gia nhiét 5, 10, 15 °C/phat bang
phuong phép Kissinger cho thdy ning luong
hoat héa ciia NC gbc (ham lugng nito 12,6%),
cac compozit NC/RDX, NC/HMX, NC/CL-20
lan luwgt 1a 219,6 kJ/mol, 207,5 kJ/mol,
156,1 kJ/mol, 104,9kJ/mol [17].

Lingfeng Yang va cong su dua trén dir liéu
DSC & cac toc do gia nhiét 5, 10, 15, 20 °C/phdt
xéc dinh duoc ning luong hoat hoa cia NC gbe
¢6 ham lugng nito 12,86% la 186,73 kJ/mol va
khi c6 mat 30% 3-methyl-4-nitro-furoxan la
297,55 kl/mol, logarit ty nhién ctia hé s6 A lan
luot 1a 37,64 va 66,67, quy ddi ra logatit co $6
10 (log) lan luot 1a 16,37 va 28,99 [18].

Nhu vay, khi ¢c6 mat cac phu gia khac cac
thong sb dong hoc cia qua trinh phan huy NC
bi thay doi, gia tri Ea va log A c6 thé ting hodc
giam tiy vao tinh chat cia phu gia va tuong tac
cua nd voi1 NC.

Cac phép phan tich DSC véi lugng mau chi
khoang 1 mg thuong cho cac danh gia so sanh
tuong dbi gitra cdc mau, dé co cac danh gia tin
cdy hon cén st dung cac phuong phap phan tich
phan hay nhiét khac, trong do phuorng phap ap
ké la mot phuong phap co nhidu vu diém.
Luong mau su dung 16n (1,0 gam) cho mirc d6
tin cdy cao hon, phép do ap suit c6 do chinh
xac cao, dé dinh luong [19, 20]. Thoi gian dé
bién thién ap suat dat mot gia tri quy dinh duoc
st dung lam chi tiéu dé danh gid do an dinh hoa
hoc cua vat liéu. Gid tri ndy thuong tur
200-300 mm Hg tuwong g véi mitc d§ phan
hiy phan hay (1,5-2,0)% d6i voi hau hét cac
loai vat liéu mang nang lugng [19].

Theo tiéu chuin TCVN/QS 629:2016 thir
nghiém 4ap ké voi cac loai thubc phong
pirocxinlin mdi san xuat c6 phu gia dic biét
tién hanh ¢ 125 °C, bién thién ap suat sau 3,5
gior (tinh tir thoi diém 1 gio sau gia nhiét) khong
16n hon 200 mm Hg thi dugc phép dua vao st
dung. Theo tiéu chuan TCVN/QS 630:2016 sau
thoi gian ap ké 5 gid ma bién thién ap sut
khong 16n hon 120 mm Hg thi thudc phéng
dugc danh gia 1a c¢6 do an dinh hoa hoc cao.
Cé4c tiéu chuan néu trén 4p dung cho thudc
phong, 1a ddi tuong co su khac biét nhat dinh
dbi voi vat liéu ma cong trinh nay nghién ctru,
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tuy nhién v€ co ban co6 thé sir dung cac chi tiéu
da néu dé lam thong so tham chicu.

2. Thue nghiém
2.1. Vit tw va héa chdt

Bot gidy kraft chua tiy tring g mém nhap
khiu tr My. Nitrocellulose dang soi mac
Pi-BA-2 ham lugng nito 13,21% (Nha may Z1,
Viét Nam). Trinitrotoluene dang bdt (Nha may
72, Viét Nam).

Tinh bdt cation (MinhYang Biochemistry,
Viét Nam), Ethanol 99,5% (HC DPuc Giang,
Viét Nam), Ether ethylic 99,5% (HC bDuc
Giang, Viét Nam), Acetone 99% (Xilong,
Trung Qudc).

2.2. Phuong phdp nghién ciru

2.2.1. Quy trinh tao mau phuc vu phan tich
quét nhiét vi sai (DSC)

i) Chuan bi miu NC

NC dugc hong kho tu nhién dén khi ¢6 ham
am khoang 5,0%, sau d6 lay khoang 2,0 g mau
cho vao sdy hut chan khong & 40 °C trong 6 gio.
S4y xong cho vao tui dung miu kin bao quan
trong binh hat m;

ii) Chuan bi mau Nitrocellulose-Cellulose

Cellulose (bot gidy kraft) sau nghién duoc
phéi tron v&i NC theo ty 1€ 50:50 va 0,5% tinh
bot cation bang may khudy IKA trong thoi gian
khong nhé hon 15 phat. Nong d6 huyén phu
khoang 10%. Pha lodng huyen phu bot gidy,
NC téi ndng do (theo khdi lugng) tir 0,2% den
0,5%. Tao mau bang phuong phap xeo gidy
trong thiét bi xeo gidy phong thi ‘nghiém Rapid-
Kothen. TAm vt liéu sau khi lay khoi thiét bi
xeo duoc sdy hut chan khong trong thiét bi
chuyén dung trong khoang 5 dén 7 phut & nhiét
d6 105 °C. Sau d6 dugc dit trong binh hat am,
tai phong diéu hoa.

ii) Chuan bi maiu
Trinitrotoluene

Ddi véi miu tron bang dung méi: Can khdi
lugng NC, trinitrotoluene chinh xac téi 0,02 g,
cho vao cdc thiy tinh, tir tir cap acetone vao, vira
cap wvira khudy déu cho dén khi NC va

Nitrocellulose-

trinitrotoluene tan hét, rét dung dich ra cdc petri,
dan déu, dé bay hoi trong 6 gid, sau d6 cho vao
sdy hit chan khong & 60 °C trong 6 gio, r0i liy ra
bao quan trong binh hut & am ¢ phong diéu hoa.

Dbi v6i mau tron kho: can khdi lugng NC,
trinitrotoluene chinh xac tai 0,02g, cho vao cbe
thity tinh, tron déu, sau d6 cho 1én bép dun cach
thiy, khi trinitrotoluene néng chay, dung dia
thily tinh tron déu, roi ldy ra bao quan trong
binh hit am & phong diéu hoa.

iv) Chuan bi mau Nitrocellulose-Cellulose-
Trinitrotoluene

Can khéi lwong mau Nitrocellulose-
Cellulose chinh xac dén 0,02 g can luong
trinitrotoluene can thiét, cép vao cdc chiu nhiét
trong bon gia nhiét nudc noéng, gia nhiét dén
(90-95) °C cho trinitrotoluene néng chdy hét,
tim mau  Nitrocellulose-Cellulose  bang
trinitrotoluene, mau sau d6 duoc dit trong binh
hat 4m, & phong dleu hoa.

Dbi v6i cac mau chira chit an dinh héa hoc:
dung binh phun tao swong phun dung dich 5%
chit an dinh trong con vao vat liéu
Nitrocellulose-Cellulose sao cho lugng chit an
dinh bam lai trén bé mit vat liéu theo dinh
luong can nghién ciru, sdy khé & 70 °C trong
2 gio. Tim vat liéu sau d6 duoc tAm
trinitrotoluene nong chay véi ty 1€ 1:1,5.

2.2.2. Phuong phap xac dinh cic thong sb
dong hoc bang dir licu DSC theo phuong phép
Kissinger.

Phuong trinh Arrhenius la mot cong cu
quan trong trong nghién ctru hoa hoc, mo ta su
phu thudc cia tde do phan tng vao nhiét do.
Phuong trinh c6 dang:

k=A-exp| —
p(R

Ea
T j 1)

Trong d6: k: h¢ sO tbc do phan tng (s 1)
A: Hang sO trude s mil hay con goi 1a hé sb tan
s& (s); Ea: Ning luong hoat hoa (kJ/mol);
R: hing s6 khi 1y tudong (0,008314 kJ/(mol-K));
T: nhiét d6 (K).

Phan g phéan hay cua cac chit ciing c6 thé
mo ta bang phuong trinh phan tng bac n:

da

e fl@)=k-(1-a)’ 2)
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Trong d6: k: hé sé téc do phan tng (s2);
a: ty 18 chit dd phan tmg; n: bic cia phan tng;
t: thoi gian (s). Két hop phuong trinh (1) va (2)
co phu’ong trinh sau:

E, n
it S _ A exp( o )-(1—0:) (3)

Do toc do phan ung dat duoc gia tri 16n
nhit khi d®a/dt? = 0, dat cuc dai ¢ nhiét d (Tp)
trong d6 duong cong DSC hién thi dinh,
Kissinger bién doi phuong trinh (3) thanh:

j()

Trong d6: Tp 1a nhiét d6 dinh cua gian do
DSC (nghia 1a tai nhiét do nay, tbc do phan tung
16n nhit) & mot téc do gla nhiét nhét dinh
p=dT/dt, Kissinger [12] gia thuyét rang biéu
thire n(1-a)™" khong phy thudc vao téc do gia
nhiét B. Khi dé, phuong trinh (4) duoc biéu
dién thanh:

E)) .
)

hoc bién dbi thanh (6)

In[%]:_EaHn(A'R] (6)
Tp RTp E,

Nhu vy, tir két qua thuc nghiém DSC voi
cac toc o quét nhiét p khac nhau, gia tri ning
luong hoat hoéa duoc xac dinh tir hé sb g0c
(-E4/R) ctia dudng thang biéu dién mbi quan hé
gitta In(B/Te?) va (1/Te). Gia tri A duoc xac
dinh tir hé s6 bac 0 cua phuong trinh mo ta
dudng thang. Cac budc xac dinh cic thong sb
dong hoc theo phuong phap Kissinger nhu sau:

i) Chay thir nghiém DSC véi nhiéu téc do
gia nhi¢t khac nhau;

ii) Tim gia tri nhiét do tai d6 duong cong
DSC dat cuc dai, Tp;

iii) Quy d6i nhiét do dinh tir (°C) sang (K);

iv) Tinh In(B/T,?) (B & don vi K/s);

FEQ?I'? = A~n(1—a) A- exp(

V) Xay dyng duong thing In(p/T,?) theo
1000/Tp, (tang tinh truc quan), sir dung phuong
phap hoi quy tuyén tinh dé xac dinh phuong
trinh ctia duong thing dangy = a.x + b;

vi) Nang lugng hoat héa Ea dugc tinh theo
cong thure (7).

E,=a-R (7

vii) Hé s6 trude s6 mii A duoc xéac dinh theo
cong thure (8).

A=¢e"-E,-R (8)

2.2.3. Phuong phap xac dinh cac thong
) dong hoc béng dir liu DSC theo phuong
phap Ozawa

O toc d6 gia nhiét f=dT/dt, phuong trinh (3)
bién d6i thanh:

ja—da _A "exp £ Yyt 9)
0 f(a) LT R-T
Phuomg phap Ozawa [14], gia thiét ring A,

f(a) va Ea khong phu thu¢e vao T; A va Ea doc
lap Vv6i a Bién ddi (9) ta co:

log f (a)zlog( saj—logﬂ—Z,?;lS

(10)

RT

p

log 5 = 0,456

(11)
p

Gia tri nang lugng hoat hoa cua phan tng
duoc tinh toan dyua vao hé sb goc (-0,4567E4/R)
ciia dudong thang biéu didn mdi quan hé giira
logs va (1000/Tp) & cac toc dd quét nhiét B
khac nhau.

Céc gia tri thua s truéc ham mi A duoge
tinh toan theo cong thirc:

Ea
s
= (12)

2
RT,
Céc budc xac dinh cac thong s6 dong hoc
theo phuong phap Ozawa nhu sau:
i) Chay thtr nghiém DSC véi nhiéu toc do
gia nhié¢t khac nhau,
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ii) Tim gia tri nhi¢t d§ tai d6 duong cong
DSC dat cuc dai, Tp;

iii) Quy di nhiét d6 dinh tir (°C) sang (K);

iv) Tinh log(B) (B ¢ don vi K/s);

V) Xdy dung duong thing log(P) theo
1000/T,, st dung phuong phap hdi quy tuyen
tinh dé xac dinh phuong trinh ciia duong thing
dangy =a.x +b;

vi) Nang lugng hoat hoa Ea dugc tinh theo
cong thire (13):

E - 1000-a-R (13)
0,4567

vii) Hé s6 trude sé mii A duoc xac dinh theo
cong thie (12) & cac nhiét d6 T, khac nhau rdi
liy gi4 tri trung binh.

2.2.4. Phuong phap phén tich quét nhiét vi
sai (DSC)

Céac dudng cong DSC duogc thu duoc bing
may do nhiét lugng quét vi sai Rigaku DSC
8231 (Nhat Ban) khoang nhiét d6 lam viéc tu
(-150) °C d&n 725 °C (max. 750 °C). Thu
nghiém tir nhiét do phong téi nhiét do 500 °C
voi toe do (2, 5, 10, 15 va 20 oC/phut), sir dung
cbe nhoém oxit ho, trong mdi trudng khi nito voi
luu lwong dong chay 50 mL/phat. Khdi lwong
mau duogc su dung cho céc thi nghiém DSC la
khoang 1,0 mg.

2.2.5. Phuong phap ap ké danh gia d6 an
dinh hoa hoc cua vat liéu

Phuong phép ap ké danh gia d6 an dinh hoa
hoc cua vat liéu dua trén viéc do ap suit téng
cong cua cac chat khi sinh ra theo thoi gian khi
vat lidu phan huy trong cdc kin ¢ nhiét 6 quy
dinh. Thi nghiém dugc tién hanh trén thiét bi
LAVA cua Nga, dai do ap suit: (50+1800) mm
Hg; sai s6: £ 0,1%. Can cir vao thoi gian ap ké,
gi4 tri 4p suat tai thoi diém duing thir nghiém dé
danh gia d6 an dinh hoa hoc cia vat liéu.

B0 phan nhay cam cta cbc kin 1a mot mang
dan hoi lam bang thép khong gi, c6 tdm cing
cham vao kim duoc cach dién véi cde. Ching
cung nhau tao thanh m{t mach dién, ma dua
vao d6 toan bd qué trinh do co thé duge kiém
soat. Du6i mang la phan thé tich phan ung cta
cbe kin véi vat lidu nd, phia trén mang co thé
tich can bang, dugc cung cdp khi nén dé bu cho

d6 léch ciia mang do ap suét clia cac san phim
phan huy dang khi cua vt liu no. Pat dugce su
can bang gitra 4p sudt do dugc va 4p sudt bu
duoc xac dinh boi thoi diém tach mang va kim.
Giita cdc va mang c6 mot vong dém kin lam
bang cao su chiu nhiét, dai dc bit kin va b han
ché d6 1éch cua mang, trén dé noé tua vao khi ap
sudt trong thé tich phan tmg thay d6i do luc nén
ctia 16 xo tya vao ong.

Can ctr vao ap sudt phan huy (Py), toc do
tang ap suat (Wi) ciia timg mau tai thoi diém
kiém tra dé xac dinh thoi diém dung thu
nghiém;

9
8

5
2
1
6

7

Hinh 1. C4u tao cua cbc kin dung dé do qfcf) an dinh
hoéa hoc theo phuong phap ap keé.

1. Mang tlep xuc; 2. Kim; 3. Than coc kin;
4. Vat liéu no; 5. The tich can bang; 6. Zoang
lam kin; 7. Vai coc kin; 8. Lo xo; 9. Dé giir
kim; 10. Thé tich phan tng; 11. Céc chita vt
liéu no.

Ap suat phan hity P; tai 1an do thtr i dugc
tinh theo cong thuc sau:

Pi=R"—R; (mm Hg) (14)
Trong do:

P? - Gia tri 4p suat tuyét ddi trong coc
phan tng tai thoi diém do th i, kPa (mm
Hg); P %, - Gia tri 4p suat tuyét ddi trong cdc
phan Gng tai thoi diém 1 h, kPa (mm Hg);
P2, - Gia trj ap suét tuyét dbi do dugc trong
coc phan Gng lan tha i-1, kPa (mm Hg);
AT - Khoang thoi gian giita hai thoi diém
do (h).
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3. Két qua va thao luin

3.1. Xdc dinh cdc théng so dong hoc phan hiy
NC duya trén dir lieu DSC

3.1.1. Xac dinh cac thong sé dong hoc phan
huy NC gbc va khi két hop vé6i cac thanh
phan khac

Gian d6 DSC cia NC gbc va NC trong vat
lidu NC-Cellulose (NC-C) cho thiy & cac toc do

—— 2K/phat
50 4 —— 5K/phat
ais —— 10K/phdt
~ —— 15K/phat
40 - —— 20K/phat
N 2137
% 30 4
&
€
> 20 4 2Oogoe,o
O
=)
104
1945
04
T T T T T
160 180 200 220 240
Nhiét d6 (°C)
—— 2K/phat
14 —— 5K/phat
196.7 —— 10K/phut
124 —— 15K/phat
—— 20K/phut|
206,9 214.6
=
E
@
=
c
(2]
=4
©
(=]
2

170 180 190 200 210 220 230 240 250
Nhiét do (°C)

c)

gia nhiét 2, 5, 10K/phut peak phan hiiy cua NC
c¢6 dinh dong nhiét thip, day rong minh ching
cho qué trinh phan hiy tu tor theo nhiét do.
Trong khi d6 & cac téc d6 gia nhiét 15,
20 K/phat peak phan huy c6 dinh dong nhiét
cao, day hep thé hién qua trinh phan huy dién ra
ddng thoi & xung quanh dinh, ching to qua
trinh phan hily cia NC dién ra manh mé khi
dugc cung cap da ning luong dé khoi mao.

—— 2K/phut
80 4 —— 5K/phut

: —— 10K/pht
—— 15K/pht]
—— 20K/pht]

704

60 -

50

404

304

Dong nhiét (mW)
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0

-10 T T T T T T T 1
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—— 15K/phat
—— 20K/pht

154 208,3
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d)

Hinh 2. Gian d6 DSC cua NC géc (a), NC trong NC-C (b),
NC trong hon hop NC-TNT hoa tan bang acetone (c), NC tim néng chay TNT (d).

Gian d6 DSC ctua NC khi ¢6 mit TNT cho
thdy nhiét d6 ctiia dinh phan huy & toc do gia
nhi¢t 2 K/phat trong truong hop NC hoa tan
cung trinitrotoluene (TNT) bai acetone 1a 187,0
va NC tim TNT néng chay 1a 187,3 °C thap

hon dang ké so voi 194,5 va 193,7 °C trong
mau NC gbc va NC trong NC-C. Diéu nay cho
thdy NC khi c6 mat TNT bi phan hay sém hon
dang ké, do trong qué trinh gia nhiét TNT néng
chay ¢ nhiét 4o khoang 82 °C thanh dang long,
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cung cip kha ning truyén nhiét tt hon va kha
ning luu gitr cac san phdm phan hiy ban dau
cia NC (cac oxit nito), trong khi d6 cac oxit
nay co tac dung xuc tac cho qua trinh phan huy
NC. Mit khac TNT noéng chay c6 tac dung phan
tan lugng nhiét sinh ra tir qua trinh phan hay

81

NC, trong khéi NC khéng dy trit di luong nhiét
dé phan huy mét cach b at, do d6 & tht ca cac
tbc do gia nhiét peak phan huy cua NC c6 dinh
dong nhiét thip, day rong minh chimg cho qua
trinh phan hity tr tr theo nhiét d9.

®m NC
® NC-C
A NC-TNTL
-13,5 1 o Am ¥ y = -16,866x + 21,027 v _NC-TNT2
N DR R2=0,9929
o~ AR,V
N h >
-14,0 ~ Sa
N NN N . a1
y=-10,647x + 26,443 @ EA SV L ’
R?=0,9872 AR FRRNEN
o S NN
:!:1 -14,5 Soov N0
\:/ y = -25,257x + 38,378 N N N ~ .
R2=0,993
< Tem  NAY .
N
-15,0 - AN ~~
» ‘\\\
\\‘ A
A
N ~.
-15,5 1 A N
~ N
ue A
>1610 T T T T T T T 1
2,02 2,04 2,06 2,08 2,10 2,12 2,14 2,16 2,18
1000/T,

Hinh 3. Phan tich dit liéu DSC theo phuong phap Kissinger.
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y=-8,9489x + 17,714 {’ Retd
(% R2=0,9884 . A 7
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Hinh 4. Phan tich dit liéu DSC theo phuong phap Ozawa.

Bang 1. Két qua xac dinh cac thong s6 dong hoc ctia qua trinh phan huy nhiét theo phuong phéap Kissinger

STT Tén mau Hésda Hé sb b Ea (kJ/mol) Log A Hé s R?
1 | NC gbe -25,257 38,378 209,99 21,0697 0,993
2 NC-C -19,647 26,443 163,35 15,7773 0,9872
3 NC-TNT dung dich -16,866 21,027 140,22 13,3589 0,9929
4 | NC-TNT néng chay -20,314 28,481 168,89 16,6769 0,9986
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Bang 2. Két qua x4c dinh cac thong s6 dong hoc ctia qué trinh phan hiy nhiét theo phuong phap Ozawa

STT Tén miu Hésb a Hésdb Ea (kJ/mol) Log A Heé s6 R?
1 | NC gbe -11,384 22,893 207,24 20,7641 0,9935
2 NC-C -8,9489 17,714 162,91 15,7288 0,9884
3 | NC-TNT dung dich | -7,7365 15,352 140,84 13,4280 0,9937
4 | NC-TNT néng chay -9,2324 18,586 168,07 16,5847 0,9987

Phuong phap Kissinger va Ozawa cho két
qua tinh toan nang luong hoat hoa c6 sy tuong
dong cao, trong khi d6 gia tri ciia hé s6 A trude
s0 mil c6 mdt vai su sai khac.

Ning lugng hoat héa caa NC gde c6 gia tri
cao hon so véi nang luong cia NC trong cac
mau khac. P6i véi mau NC-C, qua trinh ché tao
trai qua nhiéu cong doan tron co hoc, loc, séy
dan dén sy phan hity mot phan cua NC, nhitng
san phim phan huy lai ¢6 tic dung xuc tac cho
quéa trinh phan huy NC. Dbi v6i miu NC va
trinitrotoluene hoa tan trong acetone, dé tao
mﬁu dem di phén tich DSC da trai qua qué trinh
sdy dudi dung méi, qué trinh nay cling gdy phan
hiay NC mét phan. Pdi vé6i mdu NC tim
trinitrotoluene nong chay hién tuwong tuong tu
cling xay ra. Pong thoi nhu phan tich & trén,
qua trinh phén tich DSC, trinitrotoluene néng
chay 1a chat dan nhiét tt, ddng thoi luu gii cac
oxit nito ¢o tac dung xuc tac cho qua trinh phan
hiy nhiét cua NC. Nang luong hoat hoa ¢ mirc
cao (>140kJ/mol) ciing cho thdy mirc d6 bén
nhi¢t cia NC & nhiét d¢ thuong, tuy nhién vdi
hé sb A 16n & nhiét d6 cao NC phan huy
rat nhanh.

Hé sb6 R? 1a gia tri R binh phuong hiéu
chinh tiém can 1,0 cho théy khoang cach tir cac
diém quan sat dén duong wdc lwong hodi quy
nho, nhu vy muc d¢ phu hop cia mo hinh
tuyén tinh voi két qua khao sat & mirc cao. Hé
s6 R? twong dong khi xac dinh bang hai phuong
phéap Kissinger va Ozawa minh ching cho tinh
dung dan va phu hop cua phuong phap phin
tich s6 liéu st dung trong nghién ctru.

3.1.2. Xéc dinh cac thong s6 dong hoc phan
huy ctia NC trong h¢ NC-C-TNT khi c6 médt cac
chat an dinh hoa hoc khac

Gian d6 DSC ctia NC trong hé¢ NC-C-TNT
khi c6 mit cac chit an dinh hoéa hoc ¢ mirc
1,2% cho thdy nhiét d6 ctia dinh phan hay & toc

d6 gia nhiét 2 °C/phut trong trueong hop c6 mat
DPA la 185,8 va Cen 1 1a 186,0 °C, Cen 2 la
186,3 °C thdp hon so voi 187,9 °C trong miu
khong c6 mat chit an dinh héa hoc. Piéu nay
cho the‘iy NC khi ¢6 mat chét an dinh hoa hoc &
nong do qua 16n bi este hoa boi moéi truong
kiém do chét an dinh héa hoc tao ra [19, 20].

Gia tri nang lugng hoat hda cua hé
NC-C-TNT khi khdng c6 mit chat an dinh hoa
hoc xac dinh bang phuong phap Kissinger 1a
164,53 kJ/mol, bang phwong phap Ozawa la
163,94. Sai léch gira hai phuong phap
0,59 kJ/mol, day ciing 1a sai léch 16n nhit trong
s6 cac mau, cho thiy su sai léch rit nho gitta
hai phuong phap. Gia tri log A xac dinh bang
hai phuong phap ciing cho thdy su tuong dong
16n. Hé sé R? twong dong va rat gan 1,0 khi xéac
dinh bang hai phuong phap Kissinger va Ozawa
cho thdy phuong phap phan tich s liéu trong
nghién ctru 1a hoan toan phu hop.

Niang luong hoat hoéa cia mau khéng cé
chit an dinh hoa hoc cao hon cac mau c6 chit
an dinh hoéa hoc. Bo1 vi DPA va Cen 1 ¢6 tinh
chat kiém manh hon so v&i Cen 2 [19], nén anh
hudng ciing rd rét hon dén sy suy giam cia gia
tri nang luong hoat hoa. Trong d6 mau chua
Cen 2 co6 gia tri nang lugng hoat hoa khoang
161 kJ/mol thap hon gia tri ning luong hoat hoa
clia mau khong chua chit an dinh hoa hoc
khoang 3 kJ/mol. Cac miu chira DPA va Cen 1
¢6 gia tri nang lugng hoat hoa thap hon khoang
9 kJ/mol. Pé c6 so sanh truc quan hon co thé
tinh toan hé s6 toc d6 phan tmg k & 125 °C theo
cong thue (1), két qua duoc trinh bay trong
Bang 5.

Tinh toan hé sb téc d6 phan tng & 125 °C
theo phuong trinh (1) str dung cac két qua xac
dinh Ea va A theo 02 phuong phap Kissinger va
Ozawa, két qua tinh toan duoc trinh bay &
Bang 5. Két qua cho thdy gid tri hé sb téc do
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phan Ung cia miu NC-C-TNT la thép nhit,
mau NC-C-TNT-DPA la cao nhit, mau chua
Cen 1 c6 hé sb tdc d6 phan tng nhé hon mau
chira Cen 2. Nhu vay ciing c6 thé du doan duge
tbc do phan huy ctia miu chira DPA s& 1a 16n
nhét khi thir nghiém & 125 °C. Phuwong phap ap

Dong nhiét (mW)
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—— 2K/phut
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c)

ké c6 thé dinh luong dwoc san phdm phan hay
ctia vat liéu thong qua do dac ap suét khi trong
cbe kin chtra vat liéu duoc gia nhiét ¢ 125 °C.
Két qua khao sat do an dinh hoa hoc cia hé
NC-C-TNT bang phuwong phap 4p ké & muc sau
s€ 1am rd nhitng nhan dinh trén.
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Hinh 5. Gian d6 DSC cua NC trong vit liéu NC-C-TNT (a), c6 DPA (b), c6 Cen 1 (c), c6 Cen 2 (d).

Bang 3. Két qua xac dinh cac thong s6 dong hoc ciia qué trinh phéan hity nhiét theo phwong phap Kissinger

STT Tén mau Hésda Hé sb b E. (kJ/mol) Log A Hé s R?
1 | NC-C-TNT -19,79 27,266 164,53 16,1379 0,9968
5 | NC-C-TNT-DPA -18,671 25,03 155,23 15,1416 0,9993
3 | NC-C-TNT-CEN 1 -18,728 25,161 155,70 15,1998 0,9975
4 | NC-C-TNT-CEN 2 -19,405 26,592 161,33 15,8367 0,9994
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Béng 4. Két qua x4c dinh cac thong s6 dong hoc ctia qué trinh phan hiy nhiét theo phuwong phap Ozawa

STT Tén mau Hésba Hésbb | Ea(kd/mol) | LogA | HésbR?

NC-C-TNT -9,0057 18,06 163,94 16,0711 0,9971

NC-C-TNT-DPA -8,5182 17,087 155,07 15,1239 0,9993

1
2
3 NC-C-TNT-CEN 1 -8,5433 17,143 155,53 15,1793 0,9977
4 NC-C-TNT-CEN 2 -8,8373 17,765 160,88 15,7850 0,9994
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Hinh 6. Phéan tich dit liéu DSC theo phuong phap Kissinger.

B NC-C-TNT
-1,6 4 ® NC-C-TNT-DPA
A NC-C-TNT-CEN 1
V¥ NC-C-TNT-CEN 2 [ I ]
‘%
1,44 ‘o
‘
%
y =-8,5433x + 17,143 s w
R2=0,9977
41,2 4
[}
g 8,5182x + 17,087 s
y=-8, X + 17,
— 1,01 R2=0,9993 _ L\
h ~ e /
~ 7/
y =-9,0057x + 18,06 ’;
R2=0,9971
0,81 m /ﬁ’
v d
CF
F
7
-0,6 B
X2
i’
-014 T T T T T T T 1
2,02 2,04 2,06 2,08 2,10 2,12 2,14 2,16 2,18
1000/T,

Hinh 7. Phéan tich dir liéu DSC theo phuong phap Ozawa.
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Bang 5. Két qua tinh toan hé so toc 6 phan ing ¢ 125 °C

ax Hé s6 k theo phuong pha Hé s6 k theo phuong pha
STT Tén mau ' Kissingerp(lo'6 fl? i " Ozawa (plO'6 C_lg)p ’
1 NC-C-TNT 3,49322195326 3,568294371057
2 NC-C-TNT-DPA 5,86016085823 5,90863325581
3 NC-C-TNT-CEN 1 5,80668119769 5,84966157018
4 NC-C-TNT-CEN 2 4,59291635942 4,67869420023
3.2. Khdo sat do an dinh hoa hoc cua hé 250 -
NC-C-TNT bang phirong phdp dp ké
Két qua do dac ap suit khi sinh ra tir cac 2001 )/ .
mau c6 ty 1¢ NC:X khac nhau (Hinh 8) cho thiy 3 P
ty 1&¢ NC trong vat liéu cang 16n thi luwong khi E 1507 ) s . 50:50:200
sinh ra cang nhidu. i véi mdu NC:X:TNT ty 5 ’
1¢ 50:50:150 4p suét khi sinh dat 200 mmHg 2 1 !
sau 15 gio trong khi d6 cac mau ty 1¢ 60:40:150 !
va 70:30:150 dat 200 mm Hg sau 12 va 11 gio. 501 e
Két qua do dac 4p suat khi sinh ra tir cac 4
mau ¢6 ty 18 TNT khac nhau (Hinh 9) cho thay 0 T - - - )
ty 16 TNT trong vat liéu cang I6n thi lwong khi Thoi gian (gio)

sinh ra cang it. DSi véi mau NC:X:TNT ty 1é
50:50:100 &p suét khi sinh dat 200 mmHg sau
11,5 gio trong khi d6 cac mau TNT ty 1é 150%
va 200% dat 200 mm Hg sau 15 va 21 gio.

Két hop hai két qua & trén c6 thé khang
dinh trong vat liéu NC-C-TNT chat bj phan hay
nhiéu nhat 1a NC, ham lugng caa NC trong vat
lieu quyét dinh lwong khi sinh ra khi the
nghiém phan hay nhiét theo phuong phap ap ké.

3004

S —— 50:50:150
250 R - - 60:40:150)
o - 70:30:150)

2004 './

150

Ap suat (mmHg)

100

50 e

Thoi gian (gid)

Hinh 8. Két qua khao sat 4p sut khi sinh ra tir cac
mau cé ty 1¢ NC:X khac nhau.

Hinh 9. Két qua khao sat 4p suét khi sinh ra tir cac
mau c6 ty 1€ TNT khac nhau.

Két qua do ap suét khi ciia mau vat liéu ty 18
50:50:150 voi cac ham lugng DPA khac nhau
dugc trinh bay trong hinh 10. Két qua cho thdy
khi ham luong DPA c6 mat trong khoang 0,3%
tré 1én thi ap sudt khi tang 1én khi ham lugng
DPA tang 1én.

DPA cung v6i tinh chat lién két cac san
pham phan hity ¢6 tinh axit ciia vat liéu bao hoa
ning luong (VLBHNL) con c6 mét tinh chat
tiéu cuc khac la c6 kha nang xa phong hdéa NC
va nitroester véi sy hinh thanh nitrosamine [19].
Diphenylnitrosoamine thu dugc khong con tac
dung xa phong hoéa nita. Kinh nghiém st dung
DPA trong thudc phéng pirocxilin da chi ra
rang khong nén cho DPA vao qui 2% vi khi d6
tac dung xa phong hoa bt dau thé hién. Ham
luong t6i wu 1a 1,0-1,5%. Trong truong hop
ndy, hau hét DPA dugc chuyén d6i thanh
diphenylnitrosoamine trong qué trinh san xuat
thudc phong va tac dung xa phong hoa cia DPA
khong duoc biéu hién [19, 20].
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Hinh 10. Két qua khao st ap suat khi sinh ra tir cac
mau c¢6 ham lugng DPA khac nhau.

0%
- = 0,3%
© 0,6%
- —0,9%
1,2%
1,5%

250 +

200 +

150

100

Ap suét (mmHg)

50

Thoi gian (gi®)

Hinh 11. Két qua khao sat ap suat khi sinh ra tir cac
mau c¢6 ham luong Cen 1 khac nhau.
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Hinh 12. Két qua khao st ap suat khi sinh ra tir cac
mau cé ham lugng Cen 2 khac nhau.

Két qua do 4p suat khi cia miu vat liéu ty 16
50:50:150 véi cac ham luong Cen 1, Cen 2
khéc nhau dugc trinh bay trong hinh 11, 12. Két
quéa cho thiy khi ham lugng Centralite c6 mit
trong khoang 0,3% tr¢ 1én thi ap suat khi ting
1én khi ham lugng Cen tang 1én.

D6i voi két qua tai hinh 11 khi ham luong
Cen 1 13 0,3% cho luong khi sinh nhé hon mau
khong chia Cen 1. Khi ham lugng Cen 1 la
0,6%, trong khoang 10 gio dau lwong khi sinh
tr mau c6 Cen 1 16n hon miu khong chira Cen
1, sau 10 gid miu khong chira chit an dinh hoa
hoc phan huy nhidu hon miu chtra chat an dinh
hoa hoc. Hién twong nay 1a do chit an dinh hoa
hoc bi thily phan thanh cac amine nhu trinh bay
& trén va xa phong hoa NC, khi lugng san phdm
phan huy cang nhiu cic amine nay chuyén
thanh céac nitrosoamine va khéng con kha nang
xa phong hoa ma co6 tac dung an dinh hoa hoc.

Dbi voi két qua tai hinh 12 khi ham luong
Cen 2 13 0,3% cho luong khi sinh nhd hon mau
khong chita Cen 2. Khi ham lugng Cen 2 la
0,6%, trong khoang 10 gi¢ dau lwong khi sinh
tr mau c¢6 Cen 2 16n hon miu khong chira Cen
2, sau 10 giod mau khong chira chit an dinh hoa
hoc phan huy nhidu hon miu chtra chit an dinh
héa hoc. Khi ham lugng Cen 2 1a 0,9%, trong
khoang 14 gio dau luong khi sinh tir mau co
Cen 2 1én hon miu khéong chira Cen 2, sau 14
i mau khong chira chit an dinh héa hoc phan
hily nhiéu hon mau chira chat an dinh hoa hoc.
Hién tuong nay dugc gidi thich twong tw mau
chirta Cen 1, tuy nhién miu chira Cen 2 vé co
ban cho do an dinh héa hoc tét hon déi véi Cen
1 vi Ethylaniline (ethylphenylamine) dugc hinh
thanh do qua trinh thuy phan Centralite s6 1 1a
mét bazo manh hon  methylaniline
(methylphenylamine) tir Centralite s6 2, tic
dung xa phong hoa manh hon trén céc thanh
phan VLBHNL.

TCVN/QS 629:2016 quy dinh muc bién
thién 4p sudt sau 3,5 gid cho cic loai thude
phong pirocxinlin méi san xuat c¢6 phu gia dic
biét ¢ 125 °C khoéng 16n hon 200 mm Hg. Do
ham lugng NC trong mau vat liéu 1a 20% so véi
khoang 96% trong thudc phéng, vi vay c6 thé
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liy chi tiéu ap suat t6i da cho vat liéu vo liu
chay bang 20% so véi quy dinh trong
TCVN/QS 629:2016, tic 1a 40 mm Hg. Dbi voi
cac mau vat liu duoc danh gia sau 3,5 gio ap
suét khi sinh ra déu & muc thép hon, cu thé mau
NC-C-TNT gbc, miu chira Cen 1, mau chira
Cen 2 voi ham lugng (0,3 + 0,9)%, mau chua
DPA v6i ham lugng 0,3% c6 ap sudt khi sinh ra
nho hon 40 mm Hg, ¢ ap suit 16n nhat 1a mau
chtra 1,5% DPA (106 mm Hg).

Pé dam béao sy an dinh hoa hoc can thiét
cta thudc phéng va nhién liéu tén lira ballistit
(lién két voi cac san phidm phdn hay c6 tinh
axit) va ngan chidn cac phan Grng xa phong hoa
khong mong mudn cia NC, NG béi cac san
pham thiry phan khac cua chat an dinh hoa hoc,
ham luong cua Centralite trong thudc thude
phong va nhién liu tén Itra ballistit khong dugc
vuot qua 4-5%. Voi ham lugng cao hon
Centralite s6 1, mot phan ethylphenylamine va
Centralite s6 2 - mot phan methylphenylamine,
dugc hinh thanh trong qua trinh thiy phan, ¢
trang thai tu do va c6 kha niang xa phong hoda
nitroester. CAn luu ¥ rdng cic qua trinh thuy
phan chit an dinh hoa hoc dién ra nhanh hon
khi nhiét do ting. Tinh hudng nay 1a co so dé
két luan riang tic dung cua chat én dinh khong
manh nhu nhau trong céac diéu kién khac nhau -
trong qua trinh bao quan va trong qua trinh thi
nghiém d6 an dinh héa hoc.

Khi lya chon cac chat an dinh héa hoc cu
thé, kha ning twong tic véi cac oxit nito, xu
huéng phan ung thiy phan va tuong tac truc
tiép v6i cac thanh phan cuia VLBHNL, c6 thé
din dén giam d¢ an dinh hdéa hoc phai dugc
xem xét. Mot hop chat cang dé& bi nitrat hoa boi
cac oxit nito thi kha nang an dinh hdéa hoc cua
n6 cang cao. Pbi voi cac din xuat uré, tac dung
an dinh hoéa hoc phu thudc vao cac nhom thé.
Co ché tac dong cua cac din xudt uré chi khac
v6i hoat dong cia DPA ¢ chd ¢ giai doan dau
tién, dudi tdc dong cua nudc, ching trdi qua qua
trinh thuy phan mot phan véi sy hinh thanh
amine thtr cap va carbon dioxide [16, 17]. Mic
du cac dan xudt uré c6 kha niang lién két cac san
phim phan hiy c6 tinh axit cia VLBHNL,

nhung trudc tién ching trai qua qua trinh bién
d6i thay phén, vi ngay sau khi san xuit
VLBHNL chua c6 san phim phan hity c¢é tinh
axit hodc ¢ dang vét nhung Iuén c6 do am, va
axit con lai trong NC.

Cac amine bac hai thu  duoc
ethylphenylamine, methylphenylamine,
diphenylamine, c6 kha nang xa phong hoa NC
va céc chit khac, tuong tac véi cac oxit nito dé
hinh thanh ban dau nitrosoamine va sau do6 1a
nitrate doc theo vong phenol, tirc 1a so d6 twong
tu nhu DPA. Cac san phdm nitrate hoa cua
amine khong c6 tac dung xa phong hoda
Ethylaniline (ethylphenylamine) dugc hinh
thanh do qué trinh thay phan centralite s6 1 1a
mdt bazo manh  hon methylaniline
(methylphenylamine) tir centralite s6 2, tac
dung xa phong hoa manh hon trén cac thanh
phin VLBHNL [19].

Vi vdy, trong san xuét thudc phong ballistit
va nhién liéu tén Itra ballistit, khi lua chon chét
an dinh héa hoc, ngudi ta uwu tién st dung
Centralite s6 2, do trong thanh phin co
nitroglyxerin rat d& bi xa phong hoéa. Uu diém
cua nd di dugc chirng minh béi T. N. Ykovlev
dwa trén s6 liéu thuc nghiém phong phu [20].

Khi so sanh ¢ thoi gian gia nhiét 8,5 gio, cac
mau vat liéu chira DPA ¢6 ap suat khi phan hity
cao hon cac mau chira Cen 1 hodc Cen 2, thAim
chi con cao hon cac mau chira Cen 1, Cen 2 sau
khi gia nhiét 15 gio. Diéu ndy co thé giai thich 1a
do tac dong xa phong hoa NC ctia DPA, tao ra cac
san pham dé phan hay. Khi cang ting ham luong
DPA thi tic dong ndy cang dang ké va ap suat do
duoc cang tang.

Ddi v6i cac mau chita Cen 1, Cen 2 khi thoi
gian gia nhiét 1a 8,5 gio, ap suat khi & cic mau 1a
trong duong nhau, gin nhu bang nhau trong
khoang tir 0,6% dén 1,2%. Khi thoi gian gia nhiét
la 15 gid, su khac biét duoc thé hién rd rang hon,
tuy nhién vé co ban kha tuong dong nhau.

Murc d6 phan hily ciia cac mau vat liéu cling
¢6 thé danh gia so bo qua mau sic clia san phim
sau phan hay, trong d6 mau ¢ ap suat khi cao
(lwong san phim phéan hay 16n) c¢6 mau dam hon
(Hinh 14).
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Ham Iwgng chét an dinh héa hoc (%)

Hinh 13. So sanh 4p suét khi sinh ra khi sir dung cac
chat an dinh hoa hoc khac nhau.

Tir két qua trén, co thé dua ra két luan dbi
v6i hé NC-Cellulose-Trinitrotoluene chit an
dinh hoa hoc pht hop nhit 1a Cen 2 hodc Cen 1
voi ham luong tir 0,3% dén 0,9%.
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Hinh 14. Hinh anh mau VLVLC sau khi thir nghigm
an dinh hoa hoc theo phuwong phap ap ke.

4. Két luan

ba x4c dinh duogc cac thong sb dong hoc
phan hay ciia NC trong cidc mau khac nhau:
NC, NC-cellulose, NC-trinitrotoluene hoa tan
bang dung dich, NC-trinitrotoluene néng chay,
NC-cellulose-trinitrotoluene, NC-cellulose-
trinitrotoluene-DPA, NC-cellulose-
trinitrotoluene-Centralite s 1, NC-cellulose-
trinitrotoluene-Centralite s6 2. Nang lugng hoat
hoa ciia NC goc c6 gia tri khoang 210kJ/mol
cao hon so véi nang luong ciia NC trong céac
mau khac. Diéu nay xay ra do qua trinh tao miu

khién NC phan huy mot phan hodc cac tac dong
xa phong hoa NC ctia cac chat an dinh hoa hoc.

Murc d6 phan hiy nhiét ctia cac mau vat liéu
NC-cellulose-trinitrotoluene ¢6 ham lugng cac
chét an dinh hoa hoc nhu DPA, Centralite s6 1,
Centralite s6 2 dugc danh gia bang phuong
phap do ap sudt khi theo thoi gian cta san phim
phin hay. Ké qua cho thidy ddi voi hé
NC-Cellulose-Trinitrotoluene chit an dinh héa
hoc phut hop nhét 1a Cen 2 hodc Cen 1 v6i ham
lugng (0,3 = 0,9)%.

Loi cam on

Nhom tac gia bay to sy biét on sau sic véi
Vién Thude phong Thubc nd, Vién Hoéa hoc -
Vat liéu, Khoa Vit ly, Truong Pai hoc Khoa
hoc Tu nhién, Pai hoc Québc gia Ha Noi dd hd
tro cac diéu kién tdt nhat cho viéc thuc hién
cbng trinh nay.
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