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TOM TAT

Bai bdo trinh bay két qua nghién ciru, ché tao vt liéu compozit mang nang hwong tir nitrate
cellulose (NC), cellulose (C) va polyester khong no. Két qua cho thay, mau vat liéu co cdc tinh
chdt twong dirong véi cdc san pham trong cdc cong trinh dd cong bo ciia nwde ngodi khi cé ty 1é
NC:C- 80:20 va ham lwong dung dich 50% polyethylene glycol maleate phthalate trong triethylene
glycol dimethacrylate 15%, vit liéu c6 do bén kéo khong nhé hon 10 MPa (11,56 MPa), dé gidn
dai khong nho hon 1,5% (4,2%), nhiét lwong chdy khong dudi 500 kcal/kg (513,6 kcal/kg), nhiét
do chop chay khong duwdi 180 °C (193 °C).

Tir khéa: Polyethylene glycol maleate phthalate; Tinh chét co hoc; Nhiét lwong chay; Diém chdp chay.
1. MO PAU

Xu hudng hién nay ciia khoa hoc quan sy thé gidi 1a nghién ctru thay thé cac vat liéu kim loai
ctia vii khi, dan dugc bang céc loai vat liéu compozit nhe hon. M{t trong nhirng huéng nghién ctru
quan trong la nghién ctru thay thé cac chi tiét vo dan, vo lidu tir kim loai mau dat tién bang vat lidu
compozit ré tién va mang nang luong [1- -3]. Trén thé giéi c6 nhiéu cong b Ve vat liéu mang nang
luong thay thé cho céc chi tiét vo dan, don thanh phan va cong nghé ché tao rat da dang, dwoc md
ta trong nhiéu tai liéu khac nhau.

Tac gia Krestovskii A.N trong tai liéu [4] trinh bay phuwong phéap ché tao cac chi tiét cia vo lidu
phdng bang phuong phap trén déu nhia khong no olygomeruretan acrylate JI-10TM, triethylene
glycol dimethacrylate, methyl methacrylate, benzoyl peroxide, manganese (I11) acetylacetonate
dugc tron déu voi nitrate cellulose, “hop chat 67", phu gia cong ngh¢ trong may tron tryc Z. Hon
hop sau d6 dugce ép dinh hinh trong khu6n va sdy hoa ran trong khoang 4 gio. Két thuc qué trinh
sdy héa ran san pham duoc thao khoi khudn ép va sdy dén khi loai bo hét 4m va céc chit bay hoi.

Tac gia P.L. De Luca trong tai li€u [5] ché tao vo liéu chay dugc béng cach tron nitrocellulose
c6 ham luong ni to trong khoang 12-13% (85%), cellulose (15%), diphenyl amine (1,5% tinh
ngoai) trong nudc, hdn hop dugce loc bang ludi loc va sy kho, ban thanh pham thu dugc dugc sdy
khé va ép & nhiét d6 khoang 250 °F (121 °C) véi 4p sudt 100 psi trong 2=6 phut. San phim sau d6
duge nhiing vao dung dich dugc ché tao tir 2 Ib nhya polyvinylformal hoa tan trong 23 Ib dung
mdi chira 40% ethanol va 60% toluen trong 1 dén 2 phit, va say kho.

Céc vat lidu theo cac tai liéu da cong bd co do bén kéo khong nhé hon 10 MPa, do gian dai
khong nhé hon 1,5%, nhiét lugng khong nho hon 500 keal/kg, nhiét d6 bung chdy khong nhé hon
180 °C. Céc nghién ciru trén str dung cong nghé ché tao cac san phim qua ba coéng doan chinh:
tron déu cac thanh phan (trdn trong nude hodc tron kho trong may tron truc Z), ép dinh hinh san
pham sdy hoa rin hodc tim thém phu gia. Tuy nhién, cong ngh¢ nay chi phu hop khi ché tao cac
chi tiét co kich thudc nho, kho Ung dung dbi voi cac san pham c6 dang Ong dai ciu tao tir nhleu
16p vat lidu. Cac san phadm dang 6ng nhu véy thuong duoc ché tao bang phuong phap quan ong.
bay 1a phuong phap co nhiéu vu diém nhu ning suat cao, thiét bi va trang bi cong nghé don gian,
chat lugng san phdm 6n dinh.
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Muc tiéu ctia nghién ciru nay 1a tao ra tAm vat liéu mang ning luong dung dé thay thé cho kim
loai mau cho ché tao cac chi tiét cua vo dan, liéu phong c6 cac tinh chat twong dwong vdi cac cong
bb qudc té, tir cac thanh phan chinh nhu NC, cellulose (bt gidy kraft) va polyeste khong no.
Phuong phap ché tao vat liéu sir dung trong nghién ctru nay c6 kha nang ang dung dé ché tao cac
tam vat lidu co kich thudc 16n phuc vu ché tao cic san pham vo dan, vo liéu phong bang phuong
quén 6ng.

Nghién ctru Iya chon NC ¢6 ham luong ni to 13,21% 1a loai nitrocellulose ¢6 ham lugng ni to
cao, nhim nang cao chi tiéu nhiét luong chay cua san pham. Bot glay kraft dugc lya chon vi cho
san pham c6 co tinh t6t, dugc st dung trong nhiéu nghién ciru qudc té. Trong nghién ciru nay sir
dung polyester khong no c6 ban chat 1a dung dich 50% polyethylene glycol maleate phthalate trong
triethylene glycol dimethacrylate dugc ché tao trong nudc dé 1am nguyén lidu ché tao tim vat liéu.

2. PHUONG PHAP NGHIEN CUU

2.1. Vit tu, hoa chat

Dung dich 50% polyethylene glycol maleate phthalate trong triethylene glycol dimethacrylate
(polyeste khong no); Bot giay kraft, My; NC ham lugng ni to 1’3,21%, Viét Nam; Tinh b0t cation,
Viét Nam; Acetone, Viét Nam; Benzoyl peroxide, Trung Quoc, AR; Butylmethacrylate, My, P;
Diethyl Aniline, Trung Quoc.
2.2. Thiét bi va dung cu

My danh toi bot gidy, may nghién bot gié:ly PFI trong phong thi nghiém; Thiét bi xeo gidy
trong phong thi nghiém Rapid-Kothen; Binh cau thuy tinh 3 ¢6 2 lit; Coc thuy tinh 250 mL, 500
mL, 1000 mL, 2 Il't;’ Khay inox, mudi nhya, panme; Tt say hang Binder, model ED 115, nhiét d6
toi da 300 °C; Tu say hut chan khong: hang SH SCIENTIFIC, c6 chinh nhiét d0 toi da; Can phan
tich Ohaus PA214 d6 chinh Xac 104, giéi han 210 g; Can ky thuélt’ Ohaus PR2202/E d0 chinh xac
1072, gi6i han 2,2 kg; May khuay tir gia nhiét: gia nhiét tiép xuc dén 100 °C.
2.3. Phwong phap nghién ciru

Bot gidy Nitrate cellulose Nude
\
Trén hdn hop Benzoyl Diethyl
¢ peroxide Aniline

Xeo mau I—Q
* \ 4

Ghép 16p Butylmethacrylate
Tam vat liéu Polyester khong no
Héa rin

Hinh 1. So do cdng nghé ché tao tam vat liéu.
2.3.1. Phuong phdp ché tao tam vat liéu mang néng luong
2.3.1.1. Ché tao tam vat liéu nitrate cellulose- cellulose (NC-C)
a, Chuan bi nguyén liéu
Bot gidy kraft & dang tim duoc xé nho, ngdm trong nuéc khoang 24 gio. Sau d6 duoc tién hanh
danh toi trong thiét bi danh toi 5 1it phong thi nghiém, sau d6 dugc nghién trén may nghién thi
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nghiém PF1. NC duoc hong kho tw nhién dén khi c6 ham am khoang 10%, sau d6 lay khoing 10 g
mau dem xac dinh ham am.

b, Phéi tron cac thanh phan

Bot gidy kraft sau nghién dugc phdi tron véi NC theo ty ¢ nghién cau va 0,5% tinh bot cation
(tinh theo tong khoi lugng NC va bot giay kraft) bang may khuay IKA trong thoi gian khdng nho
hon 15 phuat. Nong do huyén phu khoang 10%.

¢, Xeo mau

St dung thiét bi Rapid-Kothen cho vi¢c xeo cac to mau trong phong thi nghiém V6i nong do
do huyen phu bot giay va NC tir 0,2% den 0,5%, dinh lugng 90 g[mz. Sau khi xeo mau xong lay
mau ra d¢ say kho trong thiét bi say chan khéng roi dé dieu hoa mau trong phong diéu hoa.

d, Ghép lop

Hoa tan NC da sdy kho, c6 ham am nho hon 0,5% vao acetone véi nong do 1%. Quét mot I6p
keo mong (khoang 0,5 g) Ién 02 to mau da say kho c6 dinh lugng 90 g/m2, roi ghép lai dat dinh
luong 180 g/m?, 13n nhe ong ép Ién cac I6p vat liéu cho dinh chat, sau d6 mang di say trong thiét
bi say hat chan khong.
2.3.1.2. Ché tao tam vat liéu mang ning luong

Hoa tan 1 g Benzoyl peroxide trong 10 g Butylmethacrylate, hoa tan thém 0,1 mL Diethyl
Aniline. C4p dung dich thu dugc vao 100 g polyester khong no va tron déu. Dung dich polyester
khong no da chua Chat dong. ran dwoc tim vao tam vat liéu thu dwoc ¢ trén véi ty 1¢ can nghién
clru, sau d6 dem di sdy hoa ran & 50 °C trong 20 gio.

2.3.2. Phurong phdp phdn tich dac tinh ky thudt cua vat liéu mang nang lhrong

Do bén co 1y duoc do trén thiét bi do do bén kéo nén M350-10CT. Téc do kéo 20 mm/phiit,
Ket qua do la gia tri trung binh cua 5 lan do; Xac dinh nhiét lugng chay theo TCVN/QS 889: 2019;
Nhiét do bing chy xéc dinh trén thiét bi T900. Nhiét do bung chéy la diém dugc xac dinh ma tai
do thoi gian tur khi nap mau den khi bung chay khong I6n hon 6 s. Kt qua thi nghiém song song
khong sai léch 16n hon 1 s; Khao sat cau trdc vat liéu bang kinh hién vi dién tir quét (SEM) JIMS-
6510LV, JEOL — Nhat Ban.

3. KET QUA VA THAO LUAN

3.1. Két qua ché tao vat liéu NC-C

sEr kv 4~ wo1

Hinh 2. Anh chup SEM ciia vit liéu NC-C.

Khi xem anh SEM ctia vat liéu c6 thé thay céac chi tiét vé cu triic bé mat vat lidu. Cu tric nay
gom cac soi cellulose (cac phan tir bot giay kraft), nitrate cellulose chong chat 1én nhau. Cac phan
tir bot giay kraft c6 cau tric dang bo soi dai dugc lién két vdi nhau bdi cac nhanh sgi nho hon duge
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tach ra tir b6 soi chinh trong qua trinh nghién. Cac soi cellulose dugc dan xen, sip xep ngau nhién,
tao thanh mot mang ludi, c6 vai tro lam khung co hoc cho cac phan tr NC ¢6 céu triic dang soi
ngan hon dan xen vao. M6t sd phan tir NC da dugc hoa tan boi acetone trong qué trinh ghép 16p
nén mat di ciu trac dang soi ban d4u ma tao thanh céac céu truc keo, 1am tdng co tinh cta vat liéu
NC-C. Hiéu tmg c¢6 dugc do qua trinh hoa tan mot phan cac sgi NC vao dung dich keo, sau d6, khi
dung mdi acetone bay hoi hét, hinh thanh lién két cac soi cellulose boi cac soi NC bi hoa tan.
Bidng 1. Tinh chdt cia vt liéu NC-C véi cdc ty l¢ NC:C khac nhau.

Ty 18 NC:C

i Chi tiéu Donvi o0 w0 e 500
1 Nhiét luong Callg 613,5 5524 4325 3274
2 Modun Young MPa 874 1125 1576 2133
3 Do bén kéo MPa 7.8 145 20,2 30,32
4 Do din twong d6i khi dut % 2,5 3,1 3,4 3,9

Vit liéu NC-C duogc ché tao trén thiét bi xeo miu trong phong thi nghiém Rapid-Kothen va
duoc ghép lop bang keo NC cho co tinh ting dan khi ting ham lugng cellulose trong vat lidu. Khi
tang ty 1é ctia phan tir ndy co tinh cia vat liéu ting nhanh, tir 46 bén kéo 7,8 MPa voi ty 18 NC:C-
80:20, tang 1én 30,32 vai ty 18 NC:C-50:50; modun dan hdi Young cua vat liéu ciing ting tir 874
MPa véi ty 18 NC:C-80:20 1én dén 2133 MPa véi ty 18 NC:C-50:50; do gidn twong ddi khi dirt ting
manh tir 2,5% 1én 3,9% tuong g vdi ty 16 NC:C tur 80:20 dén 50: 50. Cung v6i sy tang dan cia
ty 18 cellulose trong vt liéu s6 lwong cac lién két hinh thanh boi cac ciu tric soi cellulose nho tach
ra tir bo soi chinh cling tang theo, hinh thanh mang ludi day dac hon va tir @6 cho co tinh cua vét
liéu tot hon.

Khi tang ty 1¢ cellulose nhiét lugng chay cta vat li¢u giam nhanh tir 613,5 kcal/kg vai ty 1€ NC:
-80:20, giam xudng 327,4 véi ty 16 NC:C-50:50. Khi bi tac dong ctia nhiét do cac lién két “mang
ning lugng” ester nitrate (-ONO) trong cellulose nitrate bit dau bi pha v&, giai phong cac khi nhu
nito oxit (NOy), carbon dioxide (CO>) va hoi nudc (H20), qua trinh phan hiy cua nitrate cellulose
tda nhiét. Trong khi do, cellulose khong c6 cac nhom chiic mang nang lugng do do, trong qua trinh
chay, hap thu nhiét luong sinh ra tir qua trinh phan huy nitrate cellulose, lam giam nhiét lwong
chay cua hé.

3.2. Anh hwéng ciia ti 18 NC:C:Polyester khong no dén nhiét lwgng chay caa vat liéu
Bing 2. Két qua do nhiét rong mau vt liéu NC-C-Polyester khong no.

Ty 1€ . Ham lwgng Polyester khong no
ST \&.¢ Pomvi 5% e s 20%
1 50:50 3055 200,2 275.3 2665
2 60:40 al 4014 382,5 366.2 345.9
3 70:30 516.5 5018 480,0 458 4
4 80:20 564.7 537.7 513.6 491,0

Tir bang 3 c6 thé thy, khi ting ham lugng polyester khong no thi nhiét lugng chay ciia mau vat
liu giam. Polyester khong no ciing tuong tu nhu cellulose khong c¢6 cac nhém chlirc mang nang
lwvong do do, trong qué trinh chdy, hip thu nhiét lwong sinh ra tir qué trinh phan huy nitrate
cellulose, 1am giam nhiét luong chay ciia hé. Trong tat ca cac mau thi nghiém chi c6 5 miu c6 nhiét
luong chay 16n hon 500 cal/g do 1a 02 mﬁu véi ty 18 NC:C — 70:30 va 03 mau voi ty 16 NC:C —80:20,
cac mau vat liéu nay co the dap tmg yéu cau dit ra cia nghién ciru, tuy nhién, cin khao sat co tinh dé
¢6 thé lya chon dugc miu vat liéu toi uu nhat.
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3.4. Anh hwéng ciia ti 18 NC:C: Polyester khong no dén co tinh ciia miu vt li¢u
Bing 3. Anh huéng ciia ti 1é NC:C: Polyester khéng no dén modun Young.

Ty 1€ . Ham lugng Polyester khong no
STT neie Ponvi 5% 10% 15% 20%
1 50:50 2155 2264 2361 2417
2 60:40 MPa 1657 1802 1864 1947
3 70:30 1198 1321 1453 1605
4 80:20 905 986 1102 1211
Bing 4. Anh huong cia ti 1é NC:C: Polyester khéng no dén dé bén kéo.
Ty 1€ . Ham lugng Polyester khong no
STT ncie Ponvi 5% 10% 15% 20%
1 50:50 33,2 36,6 39,8 41,3
2 60:40 MPa 22,5 25,4 29,4 32,1
3 70:30 15,5 17,2 19,9 21,1
4 80:20 8,2 9,5 11,56 16,5
Bing 5. Anh hudéng cia ti 16 NC:C: Polyester khong no dén dé gian dai twong doi khi dirt.
Ty 1€ . Ham lwgng Polyester khong no
STT noie Domvi 5% 10% 15% 20%
1 50:50 4,2 4,6 5,6 6,3
2 60:40 3,6 39 4,9 55
3 70:30 MPa 3,3 3,8 4,4 4,8
4 80:20 2,9 34 4,2 4,6

Tir cac bang s lidu 3,4, 5 c6 thé thay, khi ting ham lugng polyester khong no thi modun Young,
d6 bén kéo dut, do gidn dai twong dbi khi dit ctia mau vat liéu ting. Quy ludt nay co thé duogc giai
thich béi sy dién ddy cac khoang tréng giira céc soi cellulose va NC bang polyester khong no. Khi
polyester khong no hoa rén mang lai sy lién két trong cAu trac cua vat lidu thé hién rd trén anh SEM.

Polyester xuat hién nhu mot pha lién tuc, min mang lap day cac khoang trong giita cac soi
cellulose. O mit cit, polyester c6 thé xuat hién nhur mot 16p dong nhét, sang bong hodc c6 mot sb
diém khong déng déu nhé ¢ noi nd tuong tac voi cac soi, cho théy nhya da tham nhap vao cAu tric
Xép ctia vat lidu NC-C. O céc vi tri duoc dong ran t6t, nhwa s& bam chit vao céc soi, trong khi &
nhing khu vuc ¢6 d6 bam dinh kém, c6 thé nhin thdy cac khoang tréng hoic 15 rong.

s
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Hinh 3. Keét qua chup SEM mat cat (bén trdi)
va bé mat (bén phdi) vit ligu NC-C-Polyester khdng no.
Polyester khong no khi hoa rén ¢ co tinh }ét [6], d6 bén kéo (90+120) MPa, modun dan hdi
Young (2500+3000) MPa, d6 gian dai tuong doi (3,0+10) %. Su tang co tinh cta hé 1a két qua cua
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{
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hiéu tmg két hop cua polyester sau dong ran va vat liéu NC-C.

Trong 05 mau c6 nhiét lwong chay khong nho hon 500 kcal/kg véi ty 18 NC:C:Polyester khong
no lan luot 1a 70:30:5, 70:30:10, 80:20:5, 80:20:10, 80:20:15 lwa chon duoc vat lidu ¢6 ti 16 NC:C-
80:20 va ham luong plolyester khong no 15% cé dic tinh dat theo yéu cau dé ra: do bén kéo khong
nho hon 10 MPa (11,56 MPa), d6 gian dai khong nho hon 1,5% (4,2%), nhiét chay khong dudi 500
kcal/kg (513,6 kcal/kg). Tién hanh do nhiét d6 chdp chay clia mau vat lidu trén theo muc 2.3.2 cho
két qua 193,0 °C.

4. KET LUAN

Vit ligu NC-C-Polyester khong no dugc ché tao tir cAc nguyén lidu nhu nitrate cellulose,
cellulose (bot gidy kraft), tinh bot cation, polyester khong no. Trong do, vat liéu NC-C dugc ché
tao trén may xeo mau trong phong thi nghiém Rapid-Kothen, siy kho, ghép Iop, roi dugc tam dung
dich chira polyester khéng no, butylmethacrylate va cac chat dong rin, sau d6 dem di say hoa ran
& 50 °C trong 20 gio. Vat liéu mang nang lugng cd ty 1€ NC:C- 80:20 va ham lugng polyester
khéng no 15% co dic tinh dat theo yéu ciu dé ra: d6 bén kéo khong nho hon 10 MPa (11,56 MPa),
d6 gidn dai khong nho hon 1,5% (4,2%), nhiét chay khong dudi 500 kcal/kg (513,6 kcal/kg), nhiét
do6 chop chay khéng duéi 180 °C (193,0 °C).
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ABSTRACT

Research on manufacturing energy-carrying materials
from nitrocellulose, cellulose and unsaturated polyester

This article presents the results of research and fabrication of energy-carrying
composite materials from nitrocellulose (NC), cellulose (C) and unsaturated polyester. The
results show that the material sample has satisfactory properties when the ratio
nitrocellulose:cellulose (NC:C)-80:20 and the content of unsaturated polyester is 15%, the
material has tensile strength is not less than 10 MPa (11.56 MPa), elongation is not less
than 1.5% (4.2%), heat of combustion is not less than 500 kcal/g (513.6 kcal/g), flash
temperature is not less than 180 °C (193 °C).

Keywords: Polyethylene glycol maleate phthalate; Mechanical properties; Heat of combustion; Flash point.
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