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Abstract

This paper presents the optimization results of synthesis conditions of 1,3,5,7-tetranitro-1,3,5,7-tetraazacyclooctane
(HMX) according to modified Bachmann method. The ranges of variables were: hexamine (0.29-0.43 mol), nitric acid
99.5 % (1.67-2.13 mol), ammonium nitrate (1.20-1.52 mol), paraformaldehyde (0.04-0.10 mol) and acetic anhydride
(3.16-3.52 mol). The constant parameters were: temperature (44+2) °C, reaction time (1% and 2" dosing-time: 30
minutes, 1% aging-time: < 5 minutes, and 2" aging-time: 60 minutes) and acetic acid 388 ml. The optimum conditions
for maximum yield of HMX (57.27 %) were hexamine 0.35 mol; nitric acid 99.5 % 2.03 mol; ammonium nitrate 1.35
mol; paraformaldehyde 0.10 mol and acetic anhydrite 3.44 mol.

Keywords. military explosives, HMX explosive, optimization of HMX synthesis conditions.

1. MO bAU

HMX 1a thubc ndé manh duoc st dung théng
dung trong quan sy. C6 nhiéu phuong phap dé tong
hop HMX nhu phuong phap Bachmann ci tién di tir
nguyén liéu dau hexamin [1, 2]; phuong phap sir
dung cac nguyén liéu dau khac: 3,7-dinitro-1,3,5,7-
tetraazabixyclo [3,3,1]Jnonan (DPT) [3]; 1,3,5,7
tetraaxetyl-1,3,5,7-tetraazaxyclooctan (TAT) [4];
1,5-diaxetyl-3,7-dinitro-1,3,5,7-
tetraazaxyclooctan(DADN) [5] va 1,5-diaxetyl-3-
nitro-7-nitroso-1,3,5,7-tetraazaxyclooctan
(DANNO) [5].... Trong cac phuong phap tong hop
trén, phuong phap Bachmann cai tién da duoc ap
dung & quy mé cong nghiép ¢ nhiéu nudc trén thé
gioi.

Diéu kién tong hop HMX theo phuwong phap
Bachmann cai tién di duoc nghién cau & Viét Nam
trong céc tai liéu [6, 7]. Trong bai bao nay, chung toi
su dungphuong phap quy hoach hoa thuc nghiém,
tim diéu kién phan ung t6i wu sao cho hiéu suat
HMX Ia cao nhit trong diéu kién tai Viét Nam, dé
c6 thé ap dung duoc trén pilot 1,5 kg/mé.

2. THUC NGHIEM
2.1. Phwong phap téng hop va tinh ché
Phuong phap tong hop va tinh ché HMX duoc

thuc hién theo [6, 7]. Hiéu suit tdng hop HMX duoc
tinh theo phuong trinh phan ang:

2CHN,.2CH,COOH  +  4NH,NO;.2HNOs+
12(CH3C0),0 — 3(CH,NNO,), + 28CH,COOH

2.2. Phwong phap quy hoach thuc nghiém va
phan tich dir ligu

DPé xac dinh diéu kién téi wu tong hop HMX,
ching t6i thiét képhwong an thyc nghiém téi wu hoa
dua trén mé hinh bac hai tdm xoay (CCC: Central
Composite Circumscribed design) rat gon 5 yéu tb
vé6i 32 thi nghiém. Céc yéu té duoc chon la sé6 mol
hexamin (X,), s6 mol axit nitric (X;), s6 mol amoni
nitrat (X3), s6 mol paraformandehit (X,) va sé mol
anhydrit axetic (Xs). Ham muc tiéu duoc chon la
hiéu suat HMX (). Viéc thiét ké thi nghiém, phan
tich dir lieu dugc thyc hién bang phan mém
MODDE 5.0. biéu kién téi uu hoéa duoc xac dinh
bing cong cu Optimizer caa phan mém MODDE
5.0. Phuong an thuc nghiém la quy hoach thuc
nghiém bac hai tdm xoay, nhan |a ma tran quy hoach
rat gon 2 thi nghiém, 10 thi nghiém ¢ diém sao va 6
thi nghiém ¢ tam.

Quan hé gita ham muc tiéu va cac yéu té anh
huong dugc mo ta bang phuong trinh hoi quy bac 2
c6 dang:

Y = b() + b1X1 + ngz + b3X3 + b4X4 + b5X5 +
DX Xy + b1sXiXs + XXy + bisXiXs +
D23Xo X5 + D2uXoXs + 05X Xs + D3aXsX, +
basXaXs + basXaXs + b1 Xa™+ bpXo® + baeXs® +
DasXs® + bssXs’.
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Kiém dinh ¥y nghia thong ké cua cac hé sé hoi
quy bang chuan Student va muc d6 phu hop cua
phuong trinh hdi quy so voi thuc nghiém bang
chuan Fisher. Phan tich di liéu duoc thuc hién bing
phan mém MODDE 5.0 véi d6 tin cay 0,95.

P46 Xuan Thanh va céng su

3. KET QUA VA THAO LUAN

Két qua khao sét cac yéu té anh huong gom nhiét
do, thoi gian, ty I¢ cac nguyén liéu tham gia phan
ung duoc thuc hién trong [6, 7] va dugc trinh bay
trong bang 1.

Bang 1: Két qua khao sat cac thong sé trong [6, 7]

TT Tén yéu té Pon vi tinh Khoang khao sat Thongus;t%ftlo ket
1 | Nhiétdo °C 38-50 4412
2 Thoi | Nap téc nhén giai doan 1 va 2 Phiit 15-60 30
gian | Thoi gian gitra 2 lan nap 0-30 0-5
3 | Hexamin mol 0,36 0,36
4 | Axit nitric mol 1,66-2,61 1,90
5 | Amoni nitrat mol 1,06-1,58 1,36
6 | Paraformandehit mol 0-0,20 0,07
7 | Anhydrit axetic mol 2,87-3,92 3,34
8 | Axit axetic mol 6,79 6,79
9 | Nong do axit nitric % 94,85-99,50 99,5

Phan tich co ché phan ung bang phuong phap C*
va N (hexamin-C*, (CH,0),-C'*, DPT-C* va
hexamine-N", "NH,NO;, DPT-N"), Bachmann [1],
Castorina [8] va Scranage John Keith [9] két luan Ia
HMX dugc hinh thanh tir cAc nhém —CH,— (trong
phan tir hexamin, paraformandehit va DPT) va nhom
—N—(trong phén tir hexamin, amoni nitrat va DPT).
Sy hinh thanh HMX xay ra dong thoi theo 2 dang:
dut chon loc lién két C-N trong hexamin tao thanh
DPT va tiép theo la HMX; va dang tht hai 1a dit cac
lien két C-N trong hexamin tao thanh céc phan tir
nho, roi ngung tu thanh HMX.

Vai tro cia HNO; la tao ra ion nitronium theo
phuong trinh:

4HN03(% 2[H20 N02 ] + 2[N03]
NH,NO; diéu chinh nong do ion nitronium cda

phuong trinh trén nho phan ung phéan ly tao ra NO;:

NH;NO3;<>NH," + NO5”

Anhydrit axetic loai nrdéc va tham gia phan ang
axetyl héa. Axit axetic lam méi treong phan ung,
dam bao phan ung nitro hoa xay ra ém diu hon.

C6 rat nhiéu yéu té anh huong dén hiéu suét phan
tng. Qua phan tich ¢ trén, phuong phap quy hoach
thuc nghiém duoc tién hanh nhu sau: lya chon 5 yéu
t6 dé tién hanh nghién cau (lwong hexamin, axit
nitric, amoni nitrat, paraformandehit va anhydrit
axetic), dong thoi ¢é dinh céc yéu tb con lai: nhiét
do (4442 °C), thoi gian phan twng, lugng axit
axeticva n6ng d6 axit nitric 99,5 %, khao sat su phu
thuoc hiéu suadt HMX theo 5 yéu té trén, lay mirc 0
1a s6 mol cho hiéu suit HMX cao da trinh bay trong
bang 1 (cot thu 5 bang 1).

Bang 2: Cac yéu t6 duoc nghién cau

Bién | Pon Mtc nghién cuu Khoang

TT | Yéutdkhaosat | ma vi Piém | Muac | Micco | Mac | Piém | biénthién
héa tinh | sao-2 | dudi-1 | so& OZ}) trén +1 | sao +2 AZ;

1 | Hexamin X4 Mol 0,22 0,29 0,36 0,43 0,50 0,07

2 | Axit nitric X5 Mol 1,44 1,67 1,90 2,13 2,36 0,23

3 | Amoni nitrat Xs Mol 1,04 1,20 1,36 1,52 1,68 0,16

4 | Paraformandehit Xa Mol 0,01 0,04 0,07 0,10 0,13 0,03

5 | Anhydrit axetic Xs Mol 2,98 3,16 3,34 3,52 3,70 0,18

Céc bién ma hoa duoc xac dinh theo cong thic:

zj- 7]
v ()

Xi(i=1+5) =

Trong do: Z;: gid tri cua bién thir j (j = 1+5); Z/: Gia
tri mic co s¢ 0 cua bién thir j; AZ;: khoang bién
thién cua bién Z;.
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Két qua thi nghiém t6i wu hoa diéu kién phan

Téi wu héa diéu kién tong hop...

g tong hop HMX dugc trinh bay trong bang3.

Bang 3: Ma tran quy hoach thuc nghiém phuong an bac hai tam xoay 5 yéu t6

TT X1 X X3 X4 Xs Y TT X1 X, X3 X4 Xs Y

1 -1 -1 -1 -1 1 46,52 | 17 -2 0 0 0 0 |3635
2 1 -1 -1 -1 -1 39,6 | 18 2 0 0 0 0 |27,93
3 -1 1 -1 -1 -1 4512 19 0 -2 0 0 0 |40,69
4 1 1 -1 -1 1 |4125| 20 0 2 0 0 0 |49,86
5 -1 -1 1 -1 -1 13987 21 0 0 -2 0 0 |42,06
6 1 -1 1 -1 1 |3661| 22 0 0 2 0 0 |4012
7 -1 1 1 -1 1 (4417 | 23 0 0 0 -2 0 |5313
8 1 1 1 -1 -1 13985 24 0 0 0 2 0 | 5550
9 -1 -1 -1 1 -1 (4642 | 25 0 0 0 0 -2 | 45,89
10 1 -1 -1 1 1 3702 26 0 0 0 0 2 | 52,57
11 -1 1 -1 1 1 4711 27 0 0 0 0 0 |57,70
12 1 1 -1 1 -1 (42,92 28 0 0 0 0 0 |5543
13 -1 -1 1 1 1 4131 29 0 0 0 0 0 56,02
14 1 -1 1 1 -1 (36,75 | 30 0 0 0 0 0 |56,78
15 -1 1 1 1 -1 (4436 | 31 0 0 0 0 0 | 5572
16 1 1 1 1 1 | 4755 | 32 0 0 0 0 0 | 5507

Sau khi loai bo cc bién khong c6 y nghia thong
ké, thu dugc phuong trinh hoi quy sau day:

Y = 5575 -2,09X; +1,94X, — 0,81X;3 + 0,63X, +
0,83Xs — 5,85X,” — 2,56X,” — 3,61X5" — 1,57X5

+ 0,93X X5+ 0,96X X5+ 0,91X,X5 + 0,79X,X,

Véi R*= 0,976 va Q*= 0,910.

Tir phuong trinh hdi quy, nhan thay cac hé sé
ctia c&c bién bac hai déu nho hon 0, nghia 1a hiéu
suat HMX s& ting khi cac bién nay ting dén mirc do
nhét dinh, sau d6 giam dan theo quy luat mat hai.

Chi c6 hé¢ sb bién bac 2 cia X,
(paraformandehit) bang 0, nghia 14 néu theo phuong
trinh hdi quy thi X, tang hiéu suat HMX (Y) ting.
Nhung thuc té thi ting luong paraformandehit s&
lam ting lugng nudc sinh ra va can bang giira cac
nhém metylen-amin ban dau thay doi, 1am giam hiéu
Suat va téc do phan ung. C6 thé thay la bién X, c6
tuong tac voi X, va Xz, X, ¢6 tuwong tac vaoi X3 va
X4. Bién X5 khong c6 twong tac véi bién nao khac
chiing to tdc dung cua anhydrit axetic trong phan
{rng c6 thé chi ¢ tac dung lam khan va tham gia cac
phan Gng phu.

Trong MODDE 5.0 ¢6 2 biéu d6 dung dé danh
gi& su phu hgp caa mé hinh hdi quy véi thuc nghiém
1a biéu dd phan tich phuong sai (ANOVA plot) va
biéu do danh gia sy phi hop ciia md hinh (Lack of
fit plot).

Trong biéu 6 ANOVA (hinh 1), do Ion cua cot

thir nhat (SD-regression: do léch chuan) 16n hon cot
thir 3 (RSD* F,,;;) nén md hinh co ¥ nghia thong
ké & muac P = 0,05.

Trong biéu do phan tich sy phd hop (hinh 2), do
I6n ciia cot thir 3 (SDpe*  Fepge) 160 hon cot thir nhat
(SDror) nén md hinh phu hgp véi thuc nghiém &
muc P = 0,05.

Viéc so sanh do 16n cua céc cot trong cac do thi
hinh 1 va 2 tuong ty nhu phuong phap danh gia sy
phi hop caa md hinh theo chuan F (F-test) [10].
Trong phuong phap danh gia theo chuin F, Fyp
(bang ty 1¢ gitra phuong sai phu hop va phuong sai
tai tdm thi nghiém) duoc so sanh véi chuan Fe (P,
fon, To) tra bang ung véi muc P = 0,05, fyn: bac tu do
cua phuong sai phu hop va fy: bac tu do cua thuc
nghiém lap & tm. Néu Fyu, > Feic thi mé hinh khéng
c6 y nghia thong ké. Trong cac biéu db phan tich
phuong sai caia MODDE, cic phuong sai dugc thay
bang d6 léch chuan SD (standard deviation) va viéc
so sanh giita ty 1& SDyoe/SDpe V6i chuan Fey dugc
chuyén thanh so sanh SD| ,eV6i SDpe* Feit.

Cac bé mat dap (tng md ta anh huéng cua diéu
kién phan tng dén hiéu suat duoc thé hién ¢ hinh 3.
Tir phuong trinh hoi quy cho thdy anh huong cua
cac yéu té khao sat dén ham muc tiéu Ia rat phuc tap,
ca 5 yéu té déu anh huong dén hiéu suat HMX,
trong d6 yéu té anh huong &m 16n nhat 1a hexamin
va anh huéng duong 16n nhét 13 axit nitric.
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ANOVA for hieu suat

SD-regression RSD RSD*sqrt(F(crt))
Hinh 1: Biéu d6 phan tich phuong sai (ANOVA plot)

P46 Xuan Thanh va céng su

Lack of Fit for hieu suat

SD-LoF SD-pe SD-pe*sqit(Flent))
Hinh 2: Biéu d6 danh gia su phu hop (Lack of fit plot)

paraformandehit  paraformandehit

paraformandehit

4D Response Surface of hieu suat  anhydrit axetic=3.39

amoni nitrat=1.2 amoni nitrat=1.36 amoni nitrat=1.52

Hinh 3: B& mat dap (ing 4D m0 ta anh huong cua diéu kién phan tmg dén higu suat HMX
(Anhydrit axetic dugc gitr khong doi bang 3,39 mol)

D¢ xéc dinh diéu kién toi uu thu dugc HMX Voi
hiéu suat cao nhat, st dung phan mém MODDE véi

cong cu Optimizer. Két qua la hiéu suat HMX cao

nhat 57,

27 % khi lugng cac nguyén liéu (bang 5).

Bang 5: Diéu kién téi uu

Hexamin Axit nitric Amoni nitrat Paraformandehit Anhydrit axetic
S6 mol 0,35 2,03 1,35 0,10 3,44
Ty 1€ mol 1,00 5,80 3,86 0,29 9,83

Cha y 1a san phdm chinh HMX (va RDX) c6 sb
nhom metylen va amino-nitramin bang nhau va phu
thudc vao ty 1é ban dau giita s6 lugng nhom metylen
(tr hexamin va paraformandehit) va nhom amino (tur
hexamin va amoni nitrat).

Ty 1€ nay dugc xac dinh theo cong thitc sau:

sénhém metylen ban diu

_sonhém amin ban dau
somol (CH,)gN, X 6 + s6mol CH,0

sémol (CHy)gN, X 4 + sé mol NH,NO,
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Tinh theo cong thic trén, ty 1& A cho diéu kién
t6i wu 14 0,80. Ty 1& nay trong céc tai ligu [6, 7] ciing
1a 0,80.

C6 thé thay la két qua tdi wu cho hiéu suét ting
khong dang ké so véi didu kién khao sat ban dau, co
thé 1a do ty Ié nguyén liéu khac nhau nhung chi s6 A
lai khong d6i (bang 0,80).

Nhu vay, dé hiéu suit HMX cao thi ty ¢ giira cac
nguyén lidu co thé thay doi trong pham vi nhat dinh,
nhung ty 1¢ giita s6 nhém metylen va amin ban dau
can ¢am bao & khoang 0,80.

Két qua nghién ctu di dugc kiém nghiém tai
diém téi uu (vira & cap d6 phong thi nghiém vaoi mé
thi nghiém 150 g/mé¢ va trén pilot vgi mé 1500 g/mé.
Két qua hiéu suat phong thi nghiém tuong tu nhu két
qua toi uu hoa voi hiéu suat dén 57 %, két qua trén
pilot cho hiéu suét cao nhat dén 55 % (da tong hop
trén pilot > 10 kg HMX).

4. KET LUAN

- Khi ¢b dinh cac thong sé nhiét d6 phan ang
44+2 °C, thoi gian (nap liéu giai doan 1 va 2 la 30
phat, thoi gian Iuu giai doan 1 1a 0 phat, giai doan 2
la 60 phat), lugng axit axetic 388 ml, thi cac théng
s cho hiéu sudt HMX cao nhit 57,27 % la hexamin
0,35 mol, axit nitric 99,5 % 2,03 mol, ammoni nitrat
1,35 mol, paraformandehit 0,10 mol va axetic
anhydrit 3,44 mol.

- Ty 18 mol giira cac nguyén liéu c6 thé thay doi
trong pham vi nhit dinh, nhung ty 1é giita s6 nhom
metylen ban dau/sé nhom amin ban diu can o
khoang 0,80 s& cho hiéu suat HMX cao nhat, khoang
57 %.
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