Hoa hoc & Moi truong

MOT SO YEU TO ANH HUONG DEN TINH CHAT THUOC NO HMX
CHE TAO BANG PHUONG PHAP KET TINH PHA LOANG

Nguyén Mau Vuong'*, P6 Xuan Thanh?

Tém tit: Bai bdo trinh bay két qua ché tao HMX siéu nhé bang phwong phdp két tinh
pha lodng. HMX duwoc két tinh lai tiv 5 dung méi: dimetyl sulfoxit (DMSO0), dimetyl
formamit (DMF), axetonitril (ACN), xyclohexanon (CHN) va axeton bang cdch sir dung
nuoc pha loang. Cac yeu 16 dwoc nghién ciru gom: loai dung méi, nhiét dg dung moi va
niede, toc dp khudy va toc do phun dung dich vao nwée. Céc tinh chat cia HMX gom: hinh
dang, kich thirdc va phin bo ¢ hat, pha tinh thé va dé bén nhiét. Két qua cho thdy, p-
HMX siéu nhé c6 thé ché tao bang cdch két tinh pha lodng trong dung méi axeton véi cdc
Yéu té cong nghé phit hop.

Tir khéa: Thude nd HMX; C& hat; Két tinh pha loang.
1. PAT VAN PE

Trong 4 dang thu hinh a, B, y va 8, B-HMX 1a loai mong mudn vi 0 ty trong, toc do nd va
nhiét d§ noéng chdy cao nhat, 6 nhay va dap nhoé nhat. Theo ti€u chuan quan su cua My, HMX
dugc chia lam ,6 loai theo c& he,}t [1]. S&r dung cac c& h:glt HMX khac nhau dé dat duwoc mat 3o
nhoi mong mudn. Vi du Octol can HMX loai 1; RX-08 can HMX loai 2 [2].

Dé thu duoc c& hat mong mudn, ngudi ta thuong ding phuong phép tir trén xudng (nghién co
hoc) hodc tir dudi 1€n (két tinh lai).

Phuong phap nghién co hoc dung lyc co hoc dé pha v& hat thube nd [3]. Phuong phép nay
thuong kém an toan do ban chat thudc no nhay véi tinh dién, va dép va ma sat.

Trong phuong phéap két tinh, thudc nd thuong duoc két tinh lai tir trong dung dich. Mot ky
thuat hién dai 1a dung dung moi si€u to1 han [4-6]. Tuy nhién, do d0 tan cua thudc nd trong dung
mai siéu t6i han thap, yéu cau ap suat cuc cao nén kho ap dung thuc té. Cac phuong phap két
tinh khac nhu bay hoi hay 1am lanh lai c6 hiéu suét thap va kich thude tinh thé 16n [2, 7, 8].

Phuong phap két tinh pha loang c6 thé khic ghuc duoc cac diém han ché trén do dat duge do
qua szo hoa cuc nhanh, dq do, thu duoc tinh thé‘ kich thudc siéu nhé [9, 10]. Bai bao nay trinh
bay két qua nghién ctru ché tao HMX si€u nhd bang phuong phap két tinh pha loang, dung nudc
Iam dung mdi khdng hoa tan.

2. PHUONG PHAP NGHIEN CUU

2.1. Héa chat
- B-HMX ban dau c6 kich thudc hat khoang 100 pm;
- Dimetyl sulfoxit 299%; Axetonitril >99%; Dimetyl fomamit >99,5%; Xyclohexanon >99,5;
Axeton >99,5%; Nudc cat.
2.2. Thiét bi
- May khudy IKA-Drc, téc do khudy tdi da 3000 vong/phiit;
- Po phan b ¢& hat trén may HORIBA LA-950- Japan;
- Chup anh SEM trén may JEOL JSM6360LV - Nhit;
- Chup phd X-ray trén may SIEMENS D 550 Bruker- Dic;
- Phan tich nhiét DSC trén may Netzsch STA 409 PC/PG.
2.3. Phwong phap thwce hién

Cho 100 mL nudc cét vao binh thity tinh 500 mL. Nhiét do nuéc c6 thé diéu chinh duge. Vira
khuay vira tién hanh bom dung dich HMX vao véi toc do nhat dinh (50 mL dung dich, nong d6 3
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g HMX/100 mL dung mé1). Kég thiic bom loc dung dich thu HMX, sdy kho va kiém tra céc tinh
chat (bé mat, c& hat, pha tinh thé va tinh chat nhiét).
3. KET QUA VA THAO LUAN

3.1. Anh hwéng ciia dung méi dén hinh dang va pha tinh thé HMX

St dung cac dung méi hiru co dé hoa tan HMX: dimetyl sulfoxit (DMSO), dimetyl fomamit
(DMF), axetonitril (ACN), xyclohexanon (CHN) va axeton.

Diéu kién thi nghiém duoc liét ké trong bang 1 (thi nghiém 1-5), trong d6, cac thong so tién
hanh dugc co dinh, trir loai dung moi.

Tinh thé HMX ban dau c6 hinh lang tru va kich thuc hat khoang 100 um (hinh 1a). Pho
XRD cho biet HMX & dang 3 (hinh 1a’).

Khi két tinh lai trong DMSO, HMX c6 hinh phién va diia, dang y-HMX.

Khi két tinh lai trong DMF, HMX c6 hinh dang khong dong déu, hdn hop B va y-HMX.
HMX két tinh lai trong ACN 14 hdn hop lang tru va phién, hdn hop B va y-HMX.
Trudng hop két tinh lai trong axeton va xyclohexanon s& thu duoc p-HMX.

Hinh 1: (b,b’) va (c,c’) lan luot 1a p-HMX két tinh lai trong CHN va axeton.
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Hinh 1. Anh SEM va XRD ciia HMX ban dau (a,a’); (b,b’) két tinh lai trong CHN;,
va (c, ¢’) trong axeton.

Kich thudc hat HMX két tinh lai bang phuong phap pha lodng trong ca 5 dung moi déu nho
hon nhiéu so véi HMX ban dau (duéi 10 pm so véi 100 um ban dau). Tuy nhién, chi trong
axeton va xyclohexanon méi thu duge p-HMX. Ddi v6i xyclohexanon, hiéu sudt thu HMX thép
do d6 tan cta xyclohexanon trong nudc thap (2,3 g CHN/100 g nudc - CAS No: 108-94-1). Tinh
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thé B-HMX thu duoc xyclohexanon c6 nhidu vét nit bé mat hon tir axeton. Do dé, axeton la
dung moi thich hop dé ché tao f-HMX c6 kich thudc nho.

Bing 1. Diéu kién két tinh pha lodng va két qua thu dworc.

Nhiét B . Két qua
46 Nhiét Tée db Toc do TS, .
Dung © do o¢ B ¢ bom dung ich thue hat (um) Pha

TT . dung i khuay . . dang
moi dich nude (vong/phit) dich Dot b b Trung tinh tinh tha

1c oC mL/ohdt 10 50 90 bi 2 inh thé

nh th

(OC) ( ) ( p ) | (< HMX

1 |pmMso| 25 | o 500 0,005 - - - - y | P
phién
Lang try,

2 DMF | 25 0 500 0,005 - - - - BY | ohién
Lang try,

3 | ACN | 25 0 500 0,005 - - - - B | phidn
4 | CHN | 25 0 500 0,005 - - - - B | Ling try
5 |Axeton| 25 | 0 500 0,005 | 07082 | 1,1871 | 2,3017 | 1,41571 | p | LAnetw
6 | Axeton | 50 0 500 0,005 | 1,2736 | 3,0151 | 6,6907 | 3,62285 | p | -Anet
7 | Axeton | 25 25 500 0,005 | 30171 | 8,0139 | 12,0268 | 8,15447 | p | LAne oy
8 |Axeton| 25 | 0 1000 0,005 | 05977 | 1,0244 | 20258 | 1,22806 | p | LAnetm
9 | Axeton | 25 0 250 0,005 | 14691 | 4,3201 | 15,1116 | 643928 | p | et
10 | Axeton | 25 0 500 0025 | 09157 | 1,7578 | 3,8758 | 2,68420 | p | -Ane v
11 | Axeton | 25 0 500 0,12 2,7039 | 6,6188 | 11,3371 | 6,76810 | p | LAng i

*Dio: 10% sd hat ¢6 kich thudc nho hon gia tri nay.
3.2. Anh huéng ciia nhiét do dung dich axeton va nuéc
Thi nghiém duoc thyc hién & diéu kién nhiét do (°C) axeton/nudc = 25/0 (thi nghiém 5), 50/0
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Hinh 2. Anh SEM, phén b cé hat trong diéu kién nhiét do dung dich/nuéc (°C):
(a, a’) 25/0; (b, b’) 50/0; (c, c’): 25/25.

So sanh véi HMX két tinh lai khi nhiét d6 axeton/nude = 25/0 (°C), kich thudc hat trung binh
khi nhiét d6 axeton/nudc = 50/0 va 25/25 16n hon, dai phan bd rong hon. Kich thude hat trung
binh lan luot 1a: 1,41 pm; 3,62 um va 8,15 um. Phin bd c& hat 1an luot 1a 0,197-10,097 pm;
0,510-19,904 pum va 0,445-26,111 pm.

Anh huong cua nhiét do co thé gidi thich nhu sau: d6 tan cia HMX, thoi gian tao mam két
tinh, toc dd khuéch tan cta axeton va nude tang khi nhiét do tang. Két qua 1a sy tao mam tinh thé
HMX c6 thé xay ra sau khi da tron déu hoan toan dung dich axeton voi nudc. Do do, tinh thé
HMX phat trién trong toan thé tich nudc va kich thude tinh thé tang khi tang nhiét do. O nhiét do
thap, thoi gian tao méam giam do d¢ qua bao hoa lon va tdc do khuéch tan ciia dung dich va nudc
giam. Thém nita, c6 thé sy tao mam da xay ra truge ca khi tron 1an giita cac giot dung dich va
nude do kich thudc ciia cac giot dung dich rat nho.

3.3. Anh huéng ciia toc dd khuiy
Thi nghiém thyc hién ¢ cac tdc do khudy 250; 500; 1000 vong/phut dé nghién ctru anh hudng
clia toc do khuay den phan bd & hat (th1 nghlem 5 8 9).
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Hinh 3. Anh SEM va phin bé c¢é hat theo toc do khudy vong/phit (a, a’) 250, (b, b°) 1000.

Phan b6 ¢& hat & toc d¢ thip 250 vong/phut kha rong (tir 0,510-39,234 um) v6i kich thude hat
trung binh 6,44 pum. Phan tram ¢& hat nhé hon 10 um chi 1a 82%, & toc d6 500 va 1000
vong/phat 1a 100%.

O tbc do tang 1én 500 vong/phut (thi nghiém 5), két qua nhu hinh 2 (a,a’), phan bd c¢& hat hep
hon (0,197-10,097 um) véi kich thude hat trung binh 1,41 pum.

O tbc d6 1000 vong/phit, phan bd ¢& hat va kich thudce hat trung binh thay ddi khong dang ké
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50 Vi ¢ toe do 500 vong/phut, 1an lugt 12 0,197-8,816 um va 1,23 um). Tuy nhién, phan trim c&
hat dudi 1pm lan luot 1a 33% va 48% cho toc d6 khuay 500 va 1000 vong/phut.

Tang toc do khudy 1am ting toc d¢ tron lan clia céc cht long, gitp cac tinh thé két tinh lai
phéan bo dong déu‘ trong toan khoi chat IQng, ngan kha nang tich tu cuc b cua cac hat, tang luc
va dap ciing nhu tan s6 va cham trong thiét bi phan g gitta cac hat. Vi vay, toc d¢ khuay 16n s&
cho kich thuc'{c nho hon. O toc dd 500 va 1000 vong/phut, ta thay sy thay doi kich thudc hat
khong déng ké nén s€ chon thuc hién & 500 vong/phut.

3.4. Anh huong toc d6 phun dung dich

) Anh huoéng cia tdc do phun dung dich HMX vao nudc dén c& hat duoc nghién ctru & 3 gid tri
toc do: 0,005; 0,025 va 0,120 L/phtt (thi nghiém 5; 10; 11).

O toc do phun 16n nhat 0,120 L/phit, kich thuéc hat trung binh va phan bd ¢& hat I6n nhat
(1an luot 1a 6,77 um; 0,510-19,904 um; 85% < 10 pm). O toc d6 phun thap hon 0,025 L/phut,
kich thudc hat trung binh va khoang phén bo ¢ hat nh()’ hon (lén luot 2,68 pm; 0,296—39,234 pfm
va 97% < 10 pm). Kich thudc hat trung binh nh6 nhat ¢ toc d6 phun thap nhat 0,005 L/phut
(1,41 pm va 100% s6 hat <10 pm).

Dung dich HMX trong axeton dugc phun qua kim phun duong kinh nh6 0,21 mm. Trudc tién
dung dich s¢ tao thanh mang, sau d6, phén tan thanh cac hat nho do can bang gitra strc cang bé
mat va lyc ly tdm. Néu téc do phun qua 16n, dung dich dén bé mat nudc ¢ dang mang chat long
ho;ic cac hat dung dich kich thudc 16n (cac hat nho két hop lai do strc can khong khi), do do, tinh
thé tao thanh co kich thudc 1on.

3.5. D) bén nhiét ciia san phim két tinh lai

_bo bén nhiét cta san pham HMX két tinh lai trong thi nghiém 5 duoc so sanh véi HMX ban

dau bang phuong phap phan tich nhiét vi sai quét (DSC).
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Hinh 4. DSC ¢ téc dé 10 °C/phiit ciia HMX ban ddu va sau khi két tinh lgi.

Két qua cho thay, pic nhiét d6 phan huy cia HMX két tinh lai 1a 278,9 °C, cao hon 1 °C so
voi HMX ban dau (277,9 °C). Nhiét d¢ chuyén pha (B—¢) cing tang 0,9 °C (trr 193,6 °C Ién
194,5 °C). Nhu vay, HMX két tinh lai bén nhiét hon.

4. KET LUAN

- Khi két tinh lai, tinh thé HMX thu duoc déu ¢6 & hat trung binh nho hon 10 pm va nhé hon
nhiéu so véi HMX ban dau (100 pm).

- Trong 5 dung moi nghién citu DMSO, DMF, ACN, CHN va axeton, HMX két tinh lai tur
axeton va xyclohexanon c6 dang thu hinh B. Trong cic dung moéi con lai, HMX c6 dang y
(DMSO), hon hop B va y (DMF va ACN).

- Khi dung dung méi axeton véi diéu kién két tinh: nhiét 46 dung dich 25 °C, nhiét d6 nudc 0
°C, toc d6 khuay 500 vong/phut, toc d6 phun dung dich 0,005 L/phat thu duge p-HMX hinh lang
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try, kich thudc hat trung binh 1,41 um, khoang phéan bd ¢& hat 0,197-10,097 um va pic nhiét do
phan huy la 278,9 °C.
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ABSTRACT

SOME FACTORS AFFECTING THE PROPERTIES OF HMX PREPARED
BY DROWNING-OUT RECRYSTALLIZATION

This paper presents the preparation of superfine HMX (Octogen) by drowning-out
recrystallization. HMX was recrystallized from 5 different solvents: dimethyl sulfoxide
(DMSO), dimethylformamide (DMF), acetonitrile (ACN), cyclohexanone (CHN), and
acetone by using an aqueous antisolvent of water. Process parameters such as type of
solvent, solvent and water temperature, agitation rates, and additional rates of solution
were studied. The properties of the resulting HMX, including shape, cumulative size and
volume density distribution, crystal phase, and thermal stability were characterized. The
results suggested that the superfine B-HMX could be prepared by drowning-out
recrystallization in acetone solvent by choosing suitable process parameters.

Keywords: HMX explosives; Particle size; Drowning-out recrystallization.
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