Nghién ciru khoa hoc cong nghé
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Tém tit. Bong co vii khi pha vdt can lam viéc trong diéu kién nhiét dg va dp sudt cao
cua khi thuéc chay, trong do, day dong co (noi lap voi loa phut) lam viéc khdc nghiét
nhat, can duwgce bao vé nhiét. Vit liéu composite cot vai cacbon, nén nhua phenolic c6 uu
viét la co tinh chiu nhiét va ham lwong coc hoa cao, cing nhu kha nang giit cau hinh lop
coc dé chiu nhiét va xéi mon. Dé ché tao san pham tir vdt liéu nay can ding céng nghé ép
tao hinh néng. Tir yéu cau thiét ké ddy bdo vé nhiét dong co vii khi phd vit can, nhém tac
gia xdc dinh muc tiéu la tim co so cong nghé va thuc nghiém xac dinh ché as cong nghé
hop ly nham ché tao san phcfm. Trén co so phdn tich ddc tinh nhiét dong cua nhya
phenolic/dong rdn hexamine, da tién hanh mét day cdc thie nghiém dé on dinh cong nghé.
Sdn phcfm duwegc ché tao va thir nghiém dat yéu cau lam viéc.

T khéa: Bao vé nhiét; Ep noéng composite; Nhua phenolic; Pong co tén lura.

1. PAT VAN DE

Vii khi phé vt can 1a phdi bo vii khi gdm ba thanh phan chinh 1 bé phéng, chudi no-
neo va dong co tén lira kéo chudi nd. Theo thiét ké, thoi gian 1am viée cua dong co tén lira
trén 4 gidy, ap suét trung binh cta khi thube chay trong budng dbt don § co khoang 7 MPa
(70 atm) va nhiét do chay cua thudc phong du kién khoang trén 2000 "C. Trong diéu kién
lam viéc khéc nghiét nhu vay, phan vo va day cua dong co tén ltra can dugc bao vé nhiét.

Phan tich cac phuong phép va vat liéu bao v¢ nhiét, nhan théy, ddi véi dong co tén
lira nhién liéu rin co thoi gian chay khong qua dai, mot phuong phap hiéu qua dé bao vé
nhiét cho day dong co 1a sir dung vat liéu composite nén nhua phenolic (nhya phenol-
formaldehyde)/cét chiu nhiét nhu sgi/vai cacbon hodc thuy tinh. Trong d6, vat li¢u
composite cbt vai cacbon/nén nhua phenolic la vat liéu bao v¢ nhiét hiéu qua nho kha
nang chiu nhiét cua vai cacbon va ty 1¢ coc hoa cao, cling nhu kha nang gitr cau hinh 16p
cdc hoa ciia nhya phenolic dé chiu nhiét va x6i mon. Dé ché tao cac vat liéu nay can
dung cong nghé ép tao hinh nong.

Nhua phenolic dugc chia thanh hai loai: (1)- Novolac 1a nhya nhiét déo (NPF), co
thoi gian sdng vo han; va (2)- Resol, ¢6 thoi gian séng ngan, khi nung dén 150 oC s&
chuyén thanh nhya nhiét ran resite (con goi 1a bakelite). Nhya NPF phu hop cho lam vét
liéu composite bing céng nghé ép néng. Chat déng rin nhwa NPF thuong la
hexamethylenetetramine (HMTA). Ty 1& st dun% HMTA dé dong ran nhya NPF khoang
10-15% [1], nhiét d¢ dong ran khoang 130-180 “C [2]. Do san pham phan tmg dong ran
h¢é nhya NPF/HMTA luén 1a NHj va H20, nén san pham ché tao tir hé nhya nay can
dugc ép nong dudi didu kién ap luc cao dé tranh rd xop do khi phan tmg gay ra [2]. Ap
luc ép vat liéu composite tir h¢ nhya NPF/HMTA dugc gia cudng soi dugc khuyén cao
khoang 14-35 MPa [2]. Mic du vy, anh huéng cua ap luc ép dén tinh chat co-ly-nhiét
cua vat liéu nay khong rd rang.

Tir phén tich trén va yéu cau thiét ké day bao vé nhiét dong co vii khi pha vat can
(hinh 1), nghién ctru nay trong tdm giai quyét bai toan cong nghé ép néng san pham tir
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vat li¢u composite cot vai cacbon/NPF.

Ngoai viéc dam bao hinh dang kich thudc, Al
can dam bao chit luong theo tiéu chi khong rd —
x6p va tinh chat co hoc tot. Céc tinh chét nhiét EI 1 L3 - :‘\\\/ / |
ciing duoc khao sat dé danh gia kha niang bao - C—_DN .
vé nhiét cta vat liéu composite ché tao. %}le

Dbé 1am viéc d6, can phan doan nghién cuu, =1 g
tir ép mau dang tim dé danh gia chét luong va !
cac tinh chat co-ly-nhiét, tiép sau, ché tao san  Hinh 1. Bdn vé so bé déy bao vé nhiét
pham va thir nghiém. dong co vii khi phd vit cdn.

2. THUC NGHIEM
2.1. Chuan bi nguyén liéu

- Chudn bj va pha ché nhwa: thua NPF duoc téqg hop tai Vién Hoa qhoc-Vét
liéu/Vién KHCN quan su. Sau khi tong hop, nhya dugce say trong chan khong dé loai l?é
nude va phenol du. Ham luong phenol du trong nhya NPF can nh6 hon 2% [3]. Tiép
sau, nhya dugc hoa tan trong dung moi ethanol tuyét doi (ty 1€ 1:1) cung voi chat dong
ran HMTA (14% khoi lugng nhya NPF) dé tao dung dich 16ng nham phuc vu cho viéc
tam nhua Ién vai cacbon.

- Chudn bi vdi’ va tim nhgrq: Vi cacbon day 50,2 mm, mat do khoi lugng bé mat
200 g/m?, dugc cat theo yéu cau, sau do, dugc tdm nhya v6i ty 1€ nhya/vai khoang
1,8:1. Ql’lél tr\inh tam nhua lén yéi can dam bao chg vai tham déu phua va mat do bé mat
tuong do1 déu. Ban thanh pham vai sau khi da tam nhya (goi tat la prepreg) dugc dé
kho trudce khi ép.

2.2. Phan tich xéc dinh ché d nhiét khi ép
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Hinh 2. Biéu do DSC Hinh 3. So do cong nghé ép
mau nhwa NPF/HMTA [4]. day bao vé nhiét.

Hinh 2 trinh bay biéu d6 DSC ctia hé nhya NPF/HMTA, nhan thay, nhiét do thuy tinh
hoa xuét hién & khoang nhiét do tir 70-80 °C va nhiét dd dong ran trén 110 °C, dinh nhiét
cua phan ung dong ran khoang 150-160 ocC. Dua trén dédc tinh nhiét dong hoc cua hé
nhua NPF/HMTA néu trén, so dd cong nghé ép bao vé nhiét day duogc thiét ké nhu hinh
3, & d6, qué trinh ép gdm 2 giai doan:
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- Giai doan 1- Ep so bo, c6 tac dung bién mém nhwa dé tao diéu kién cho nhua dién
day khuon va chudn bi cho giai doan ép két thiic;

- Giai doan 2- Ep két thuc ¢ 160 °C véi cac ap luc ép khac nhau va gitr nhiét trong 30
phut nhdm dam bao cho nhwa du thoi gian déng ran.
2.3. Thuwe nghiém ép va xac dinh cac tinh chit co-ly-nhiét
a. Thiee nghiém ép mdu tam

Mau tAm vat liéu composite ¢t vai cacbon/nén nhya NPF (goi tat 1a vat liéu C-NPF)
dugc thiét ké c6 kich thudc 60x150 mm. Mau dugc ép tir 7 tim prepreg. Qua trinh ép
dugc thyc hién trén may ép cé gia nhiét, luc ép dén 30 tan, nhiét do dén 230 oc tai Vién
Tén lra/Vién KHCN quan sy.

Pé xem xét anh hudng ciia ap luc ép dén tinh chat co-ly-nhiét, tién hanh ép mau & cac
ap lyc tir 10 MPa dén 30 MPa.
b. Cdc tinh chdt co-\y-nhiét nghién civu va phwong phdp xdc dinh

Duya trén céc ti€u chi danh gia vat liéu polyme duoc gia cuong soi dung lam bao vé
nhiét, trong nghién ctru nay, mot sO chi tiéu co-ly-nhiét cia miu vat licu C-NPF dugc
khao sat gom:

- Khéi luong riéng thé tich (pv): Khdi lwong riéng thé tich duogc xac dinh bang ty s6
gitra khoi luong/the tich mau ép.

- Tinh chit co hoc: Céc tinh chit co hoc gdm dé bén udn (opy) va mod dun udn (Ey)
duoc xac dinh theo tiéu chuian ASTM D790-71.

- Tinh chét nhiét: Cac tinh chat nhiét bao gdm hé sé dan nhiét (k) va nhiét dung riéng
dang ap (Cp) dugc xac dinh theo tiéu chuan ASTM D7984-16.

Cac chi tiéu co-ly-nhiét néu trén dugc do tai Trung tdm do ludong/Vién Cong
nghé/Tong cuc Cong nghiép qudc phong.
c. Thuc nghiém ép day bao vé nhiét

Tur két qua ép mau tim, chon cac diéu kién dau phu hop dé ché tao day bao v¢ nhiét
cua dong co vii khi phé vat can. Hinh dang va kich thuéc long khuén dam bao dung theo
hinh dang kich thuéc san phém. Pé tao diéu kién cho khudn thoat khi tét, khe hé gitra
chay va cdi khoang 0,2-0,3 mm.

3. KET QUA VA THAO LUAN

3.1. Két qua
Bing 1. Tinh chat co-\y-nhiét ciia mdu tam vt liéu C-NPF.

_ |Thong 6 ban dau Tinh chat co-ly Tinh chat nhiét
Kyheuman o gdm? | P o, gem®lon, MPalE., MPa W/(lr(r’l.K) Cp, J(kg.K)
S1 5,6 10 Khong khao sat
S2 5,5 15 [ 1,40 [550,84 | 1496 [0,525+0,003
S3 5,5 20 | 149 [71191 [ 1612 0526+0,002] .. ¢
S4 5,6 25 | 153 | 754,62 | 1679 [0,504+0,002 !
S5 5,8 30 | 143 | 583,68 | 1530 [0,516+0,003
Trung binh - - | 146 [65026 [ 1579 | 0518 776,6
Ghi chU: pom la mdt d khoi lwong bé mdt prepreg.
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Céc tinh chat co-ly-nhiét ciia mau vat liéu C-NPF trinh bay trong bang 1. Nhan thay,
khi ép mau & ap lyc 10 MPa (méu S1), mau ¢ hién twong phdng rop va bi tach 16p bén
trong, nén cac tinh chat co-ly-nhiét khong duge khao sat. Cac mau ép & ap luc cao (= 15
MPa) déu dic chic, du didu kién dé khao sat cac tinh chét.
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Hinh 4. Phy thudc ciia chi tiéu co-1y ciia vt liéu ép vdo théng sé dau vao:
a- p, Vao p va ppm; b- opy va E, vao py va p.

Hinh 4 trinh bay biéu d6 quan h¢ gitra cac chi ti€u co-ly vdi cac thong s6 ban dau 1a
ap luc ép va mat do khoi luong bé mit prepreg. Tir hinh 4a cho thdy, ap luc ép va ‘mat do
khéi luong bé mat prepreg c6 anh huong twong quan dén khdi luong riéng ctia miu. Véi
c4c mau c6 mat do khoi lugng gin tuong tu nhau, ap luc ¢p tang lam tang khdi lwong
riéng, nhung khi mat do khéi lugng bé mit prepreg 16n hon, tang ap lyuc ép, khéi lugng
riéng cua mau lai giam, chung to, mat do kh01 lwong bé mat prepreg hay ty 1¢ nhya/vai
anh huong dang ké dén khdi lugng riéng mau. Tir hinh 4b nhan thiy, ap lyc ép ting tir
15 MPa dén 25 MPa lam ting céac chi tiéu co hoc cia vat lidu ép, nhung khi ting ap luc
ép dén 30 MPa (mau S5), cac chi tiéu co hoc déu giam. Nguyén nhan c6 thé do, mic du
ap lyc ép tang, nhung do mét do khdi lugng bé mit prepreg cia mau S5 lai 16n, nén lam
cho khéi lugng riéng cua mau giam, chung to ty 1¢ nhwa/vai trong san pham ép cao, nén
lam giam tinh chét co hoc. Diéu nay c6 thé thay qua quan hé ty 18 thuan giira cac chi tiéu
co tinh khao sat voi khéi lugng riéng mau & hinh 4b.

Két qua xéac dinh cac tinh chat nhiét & bang 1 cho thay, nhiét dung riéng cua vat liéu
composite nay khong thay ddi, dat 776,6 J/(kg.K), trong khi, hé sé din nhiét thay déi
trong pham vi hep va dat trung binh khoang 0,518 W/(m.K). Nhung dé nhan thay, mau
¢6 khoi luong riéng cao nhét, hé s6 dan nhiét cua vét liéu composite la thap nhat Thém
nita, hé s6 dan nhiét cua vat liéu C-NPF rat thap, chi bang khoang 1% hé s dan nhiét
cua thép thong thuong (~50 W/(m.K)), ching t6 kha nang cach nhiét cua vat liéu t6t.
Bén canh d6, nhiét dung riéng cua vat lidu ép twong d6i cao, xap xi 1,7 lan nhiét dung
riéng cua thép thong thuong (~460 J/(kg.K)), chung to6 kha nang bao v€ nhiét cta vat liu
C-NPF 1a tot hon thép.

3.2. Két qua ép day bao vé nhiét vii khi ép FMV-T2 va thir nghiém
a. Ep déy bdo vé nhiét

Tir ban v& day bao vé nhiét, dién tich hinh chiéu san phdm trén mat phang vudng goc
véi tryc tam khoang 10000 mm?. Can cir vao luc cua thiét bi, chon ap luc ép trén san

118 D.V. Hién, ..., T.X. Tién, “Nghién ciru ép dday bdo vé ... cdt vii cacbon/nén nhwa phenolic.”



Nghién ciru khoa hoc cong nghé

ph?}m dat trung binh khoang 25 MPa. Prepreg dung ¢p cac day bao vé nhiét co mat do
khéi luong bé mat khoang 5,5-6,0 g/dm?. Tir chiéu day san pham, chon s0 16p prepreg
cho ép day bao vé nhiét 1a 12. Hinh anh san pham dat yéu cau nhu hinh 5.

Qua vi€c ¢p san pham (20 san pham) dd gip mot sb dang va nguyén nhan gay ra phe
pham da timg budc khic phuc va 6n dinh cong ngh¢. Mot sO nguyén nhan gy ra phé
pham dién hinh va giai phap khic phuc duoc tong két nhu sau:

_(1). Thoi gian giit nhiét khi ép két thac thap (< 15 phit): Truong hop ndy, san pham
de bi mop méo khi thao khudn. Thoi gian hop 1y 1a trén 30 phut.

(2). Ap luc ép két thic thap (< 10 MPa): Truong hop nay, san pham s& dong ran
khong déu, c6 hién tuong x6p bén trong, bé mat ¢ hién tuong cac cuc nhwa dong ran
cuc bo. Ap luc ép ¢ giai doan nay nén > 15 MPa.

(3). Nhya du thira phenol: Do diéu kién tong hop nhwa NPF tir phenol va
formaldehyde véi ty 1& khoang 1:0,8, nén sau tong hop, néu viéc loai bo phenol du
khong dam bao, nhua s¢ thira phenol. Truong hop nay, bé mit san pham s€ ¢ 16p mong
mau vang bao boc bén ngoai san pham va sau khi thao khuon s& thiy cac vét nat & 16p
mang nay. bé khic phuc, cong doan say loai bo phenol can thuc hién ky ludng, dam bao
ham lugng phenol du < 2%.

(4). Mat d6 khéi luong bé mit prepreg thap (< 5 g/dm?): Truong hop ndy, san phdm
s& khong d nhua dé dién day khuon. Pé khic phuc, khi 1am prepreg can dam bao mat
d6 khéi lugng bé mat khoang 5,5-6,0 g/dm?.

Hinh 5. Pdy bdo vé nhiét Hinh 6. Ddy bdo vé nhiét
dat yéu cau. sau thir nghiém thuc trén dong co.

b. Thir nghiém san pham

Theo nhiém vu nghién clru va san phém ché tao, di tién hanh dua day bao v¢ nhiét
vao tht nghiém trén dong co thuc. Két qua cho théy, day bao vé€ nhiét dam bao duoc
chire nang bao vé nhiét, khong gay sai hong cho day dong co do anh huong cua nhiét
chay thuoc phong. Hinh dang day bao vé nhiét sau thu nghiém van giit nguyén trang
dugc cau hinh (hinh 6), khing dinh day bao vé nhiét lam tir vat liéu composite cot vai
cacbon/nén nhya phenolic dat yéu cau.

4. KET LUAN

ba nghién ctru lam chu dugc cong nghé che tao san pham day bao v¢ nhiét cho dong
co vi khi pha vat can tir vat liéu composite cdt vai cacbon/nén nhya phenolic dam bao
dugc chuc nang lam viéc. Mot s6 diém rut ra nhu sau:

Tap chi Nghién ciru KH&CN qudén suw, S6 Déc san Co hoc va Piéu khién thiét bi bay, 10 - 2021 119



Co kj thugt & Co khi dpng lyec

- Nhua nén phenolic can duoc xu ly dé loai bo phenol du & muc dudi 2%;
- Nhua tim 1én vai cacbon dam bao déu véi mat do bé mat tir 5,5-6,0 g/dmz;
- San pham ¢ép tir vat liéu composite di néu can c6 cong doan ép dinh hinh so bo trong
g)ham vi nhiét do tir 80-110 °C va dong ran dudi ap luc trén 15 MPa ¢ nhiét do 160
C/thoi gian 30 phut.
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ABSTRACT

RESEARCH ON COMPRESSING THE INSULATOR
OF THE ROCKET MOTOR-BOTTOM OF THE BARRIERS CLEARING WEAPON
FROM CARBON FABRIC REINFORCED PHENOLIC COMPOSITE MATERIAL

The rocket motor of the barriers clearing weapon operates in conditions of high
temperature and pressure of combustible gas for over 4 seconds, in which, the
rocket motor-bottom (where bonding with nozzles) is the most severe, needs to be
heat protected. The carbon fabric-reinforced phenolic composite material has lots
of outgoing advantages including high heat resistance and char yiled, as well as
keeping the char layer configuration to resist the heat flux and erosion. To make
products from this material, it is necessary to use the hot compression process.
From the design requirements of the insulator for the rocket motor-bottom, the
authors determined the objective was to find the technological basis and
experimentally determine the reasonable processing regime to manufacture. On
the basis of analyzing thermodynamic properties of hexamine cured phenolic resin,
a series of experiments were performed to stabilize the production process. The
products have been manufactured and tested for satisfactory performance.

Keywords: Insulator; Hot composite compression; Phenolic resin; Rocket motor.
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