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(57) Séng ché dé cap dén soi quang bao gém sgi thuy tinh bao gom 16i va 16p

boc, va 1ép nhua vecni bao pht chu vi bén ngoai cta soi thuy tinh, trong do hé )
gidn nd tuyén tinh trung binh ctia 16p nhwa vecni & nhiét d6 16n hon hodc bang
-50°C va nhé hon hodc bang 0°C 14 16n hon hoic bang 3,3 x 10°%/°C va nhé hon

9,0 x 105/°C.
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Linh vue k§ thuat dwoc dé cip

Séng ché dé cap dén soi quang.
Tinh trang k§ thuit cia sang ché

Soi quang thudng cé 16p nhua vecni dé bao vé soi thiy tinh 12 méi trudng
truyén dén quang hoc. Lép nhua vecni gbm, chiang han, 16p nhua so cap va 16p
nhya thtr cAp. D& 1am giam su ting ton that do truyén dan gay ra boi sy udn cong
vi m6 duoc tao ra khi 4p luc bén dugc dat vao sgi quang, soi quang can dugc cai
thién cac déc tinh ap luc bén.

Ching han, tai liéu sang ché 1 da nghién ctru dé giam ton that do ubn cong
clia soi quang bing cach ting mo dun Young cla 16p nhya tha cap (16p phu tha
hai).

Tai liéu trich dan
Tai liéu sang ché

Tai liéu sang ché 1: JP 2009-510520 A
Ban chit k§ thuat ciia sing ché

Muc dich cia sang ché 14 dé xuit sgi quang bao gdm soi thiy tinh bao gdbm
161 va 16p boc, va 16p nhya vecni bao pht chu vi bén ngoai cua soi thuy tinh, trong

d6 hé sb gifin nd tuyén tinh trung binh ctia 16p nhya vecni & nhiét d§ 16n hon hoc
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béng -50°C va nhé hon hogc bang 0°C 12 16n hon hoic bing 3,3 x 10°/°C va nhé
hon 9,0 x 107/°C.
MO ta vén tit cac hinh vé

Fig.1 l1a so dd mat cét ngang so lugc thé hién mdt vi du vé soi quang theo
phuong an cua sang ché.
MG ta chi tiét sing ché
Vén d can duoc giai quyét béi sang ché

Céc soi quang dugc st dung trong cac moi truong khac nhau va yéu cau
céc d6 bén mdi truong khac nhau. Pac biét 1a, soi quang ¢ ton thét do truyén dan
nho trong moi truong nhiét do thép, nghia 13, s¢i quang cé cac déc tinh & nhiét do
thap vuot trdi duge yéu cau. Quan trong 13 ting md dun Young cua 16p nhua thi
chp d& cai thién cac dic tinh ép luc bén, nhung khé 1am gidm tén that do truyén
dan trong moi trudong nhiét do thp chi bang cach ting m6 dun Young ctia 16p nhua
thir cép.

Muc dich cua sang ché 13 d@ xuit soi quang cé cac déc tinh & nhiét do thép
vuot troi.
Hiéu qué cia sang ché

Phuong an theo sang ché c6 thé tao ra soi quang cé cac dic tinh & nhiét do

thép vuot troi.
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MG ta chi tiét sang ché

Trudc tién, cac ndi dung cua phuong an theo sang ché s& dugc mo ta bang
céch liét ké ching. Soi quang theo mot khia canh ctia sang ché bao gdm soi thuy
tinh bao gdm 131 va 1ép boc, va 16p nhua vecni bao phii chu vi bén ngoai cta sgi
thly tinh, trong d6 hé s6 gidn né tuyén tinh trung binh ctia 16p nhua vecni ¢ nhiét
d6 16n hon hosic bing -50°C va nhé hon hoic bing 0°C 14 16n hon hodc bing 3,3
x 107/°C va nhé hon 9,0 x 107/°C.

Viéc didu chinh hé s gidn né tuyén tinh trung binh cta 16p nhya vecni c6
thé cai thién cc dac tinh & nhiét do thap cia soi quang.

Lép nhya vecni néu trén c6 16p nhua so cép tiép xtic vdi soi thly tinh va
bao phu s¢i thuy tinh, va 16p nhya thir cAp bao phu chu vi bén ngoai cua 16p nhya
SO cép, trong d6 16p nhya thi cap c6 thé bao gdm san phdm hoa rén cta ché pham
nhya bao gdm nhwa nén chta oligome bao gbm uretan (met)acrylat, monome, va
chét khoi mao quang polyme hda, va cac hat oxit v6 co ky nude. Viéc c6 nhya thu
cAp nhu vay lam giam hé s6 gidn no tuyén tinh cta 16p nhua vecni, va dé dang cai
thién c4c dic tinh & nhiét do thép cua sgi quang.

Vi su hinh thanh dé& dang cuia 16p nhya tha clp c6 su can bang vuot troi
gifra mo6 dun Young va hé sd gidn nd tuyén tinh, ham lugng cua céc hat oxit vo co

¢6 thé 16n hon hoic bing 1,5% khéi lugng va nhé hon 65% khéi lugng dua trén
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téng lugng cia ché phim nhura.

Nho céc tinh chét phan tan vuot tréi trong ché phdm nhya va d€ diéu chinh
m6 dun Young, céc hat oxit vd co ¢ thé 1a cac hat bao gém it nhat mét loai hat
duoc chon tir nhom gé)m c6 silic dioxit, ziricon dioxit, nhém oxit, magie oxit, titan
oxit, thiéc oxit, va kém oxit. Nho viée 1am giam dé dang hé sd gidn né tuyén tinh
cua 16p nhya vecni, cac hat oxit vo co ¢ thé c6 nhém chire ¢6 thé héa ran bang tia
cuc tim. Nho su hinh thanh dé dang 16p nhua véi mé dun Young cao, nhom chirc
c6 thé héa rén bing tia cuc tim c6 thé 13 nhém (met)acryloyl.

Chi tiét vé phuong 4n ctia sang ché

Céc vi du cu thé vé& ché phim nhya va s¢i quang theo cac phuong an ctia
sang ché s& dugc md ta dua vao hinh vé néu cén. Sang ché khong bi gi6i han & cac
hinh v& minh hoa nay ma dugc chi ra béi cac diém yéu cau bao hd va dugc du dinh
dé bao gbébm céc ¥ nghia tuong duong vdi cac diém yéu cau bao hd va tAt ca cac
thay ddi trong cac diém yéu cau bao ho. Trong phan mo ta duéi day, cac s6 tham
chiéu giéng nhau dugc dua ra cho cac phan tir gidng nhau trong phin mo ta cla
hinh v&, va cac giai thich thira dugc bo qua.

Soi quang

Fig.1 la so dd mit cit ngang so luge thé hién mot vi du vé soi quang theo

phuong an cua sang ché. Soi quang 10 bao gdm soi thuy tinh 13 bao gbm 13i 11 va
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16p boc 12, va 16p nhua vecni 16 bao gbm 16p nhua so cap 14 duoc cung cép trén
chu vi bén ngoai cua sgi thuy tinh 13 va 16p nhua tha cap 15.

Lép boc 12 bao quanh 18i 11. L3 11 va 16p boc 12 chi yéu bao gom thuy
tinh nhu thiy tinh silic oxit, thily tinh silic oxit dugc bb sung gecmani hodc thuy
tinh silic oxit tinh khiét c6 thé dugc st dung, chéng han, trong 181 11, va thuy tinh
silic oxit tinh khit hodc thuy tinh silic oxit dugc b sung flo c6 thé dugc sir dung
trong 16p boc 12.

Trén Fig. 1, chéing han, dudng kinh bén ngoai (D2) clia soi thily tinh 13 ndm
trong khoang tr 100pm dén 125pm, va duong kinh (D1) cua 15i 11 tao nén soi
thily tinh 13 nam trong khoang tir 7um dén 15um. Chiéu day cta 16p nhua vecni
16 thuong nam trong khoang tlr 22pum dén 70pm. Chiéu day ctia mdi 16p nhya so
cap 14 va 16p nhya tht cap 15 ¢6 thé ndm trong khoang tir Spm dén 50um.

Khi dudng kinh bén ngoai (D2) cta soi thiy tinh 13 bang khoang 125um
va chiéu day ctia 16p nhya veeni 16 16n hon hodc bang 60pm va nhé hon hodc bang
70pm, chidu day ctia mdi 16p nhua so cap 14 va 16p nhya thir cap 15 ¢6 thé ndm
trong khoang tur 10um dén 50um, va chang han, chiéu day ctia 16p nhya so cap 14
c6 thé bang 35um va chiéu day ctia 16p nhya thir cap 15 ¢6 thé bang 25um. Duong
kinh bén ngoai cta soi quang 10 ¢c6 thé nam trong khoang tlr 245um dén 265um.

Khi dudng kinh bén ngoai (D2) cua sgi thiy tinh 13 bang khoang 125um
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va chiéu day cia 16p nhua vecni 16 16n hon hodc bing 27pum va nhé hon hodc bang
48um, chidu day ctia mdi 16p nhya so cap 14 va 16p nhua thtr cép 15 c6 thé nam
trong khoang tu 10pum dén 38um, va chang han, chiéu day cua 16p nhyua so cap 14
c6 thé bang 25um va chidu day cia 16p nhya thi cép 15 c6 thé bang 10um. Pudng
kinh bén ngoai cia soi quang 10 co6 thé ndm trong khoang tir 179um dén 221pm.

Khi dudng kinh bén ngoai (D2) cua s¢i thiy tinh 13 bing 100pum va chiéu
day ctia 16p nhya vecni 16 16n hon hodc béng 22um va nho hon hodc béng 37um,
chidu day cia mdi 16p nhya so cap 14 va 16p nhua thit clp 15 c6 thé ndm trong
khoang tir 5pm dén 32pum, va ching han, chiéu day ctia 16p nhya so clp 14 c6 thé
bing 25pum va chiéu day cia 16p nhua thi chp 15 c6 thé bang 10pm. Puong kinh
bén ngoai cla soi quang 10 co thé ndm trong khoang tir 144um dén 174pum.

Nho viéc cai thién clia cac dic tinh & nhiét do thip cla soi quang, hé sb
gidn nd tuyén tinh trung binh cua 16p nhya vecni 16 ¢ nhiét d 16n hon hoac bing
-50°C va nho hon hodc béng 0°C 1a 16n hon hodc béng 3,3 x 105/°C va nho hon
9,0 x 10%/°C, tét hon 12 16n hon hofic bang 3,3 x 10°5/°C va nhé hon hodc bang 8,9
x 107%/°C, t6t hon nita 12 16n hon hogc bang 3,4 x 107/°C va nhé hon hogc bang
8,5 x 10%/°C, va con t6t hon 14 16n hon hoic bang 3,5 x 10-%/°C va nho hon hogc
bang 8,0 x 105/°C.

L&p nhua thir cép
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Tir quan diém giam hé s gidin nd tuyén tinh ctia 16p nhya vecni va cai thién
cac dac tinh & nhiét do thép cua soi quang, 16p nhua thur cép 15 ¢6 thé dugc tao ra
bang cach hoa ran ché phdm nhuya bao gbm nhua nén chira oligome bao gOm uretan
(met)acrylat, monome, va chét khoi mao quang polyme hoa, va cac hat oxit vo co
ky nuéce. Nghia 1, 16p nhua tha cép 15 ¢6 thé bao gdm san phim héa rén cta ché
phim nhua bao gém nhua nén chia oligome bao gbm uretan (met)acrylat,
monome, va chit khoi mao quang polyme hoa va cac hat oxit v6 co ky nudc.

(Met)acrylat c6 nghia 1a acrylat hodc metacrylat twong Ung v6i n6. Giai
thich twong tu dugc 4p dung cho axit (met)acrylic va chét tuong tur.

Céc hat oxit vo co

Céc hat oxit v co theo phuong an cua sang ché 12 cac hat hinh clu va ¢
bé mit duge xir Iy ky nuée. Viée xtt ly ky nudc theo phuong an cua sang ché 1a
viéc dua nhom ky nudce 1én trén bé mit cua céac hat oxit vo co. Céc hat oxit v6 co
¢6 nhém ky nudc duge dua vao c6 kha nang phan tan vuot troi trong ché phim
nhya. Nhém ky nuée c6 thé 1a nhém phén tng (nhém chire c6 thé héa rén bang tia
cyc tim) nhu nhém (met)acryloyl hodc nhém khoéng phén tng nhu nhém
hydrocacbon béo (ching han, nhém alkyl) hodc nhém hydrocacbon thom (ching
han, nhém phenyl). Trong trudng hop cla cac hat oxit v co c¢6 nhém phén tmg,

16p nhya c6 md dun Young cao dé dang tao ra.
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Nho sy hinh thanh dé dang 16p nhua c6 hé sd gidn né tuyén tinh giam, c4c
hat oxit vO co theo phuong an cia sang ché 6 thd c6 nhém chirc ¢ thé héa ran
bing tia cuc tim. Viéc xtr Iy c4c hat oxit v6 co biang hop chat silan c6 nhém chire
c6 thé héa rén bing tia cuc tim c6 thé dua nhém chic c6 thé héa rin bang tia cuc
tim 1én trén bé mit cua céc hat oxit vo co.

Céc vi du vé cac hop chét silan c6 nhém chire co thé héa rén bang tia cuc
tim bao gébm 3-metacryloxypropyltrimetoxysilan, 3-acryloxypropyltrimetoxysilan,
3-metacryloxypropyltrietoxysilan, 3-acryloxypropyltrietoxysilan, 8-
metacryloxyoctyltrimetoxysilan, 8-acryloxyoctyltrimetoxysilan, 7-
octenyltrimetoxysilan, vinyltrimetoxysilan, va vinyltrietoxysilan.

Céc hat oxit v0 co theo phuong an cua sang ché dugc phan tan trong moi
truong phan tan. Bing cach st dung céc hat oxit v6 co dugc phan tén trong moi
trudng phéan tan cho phép su phan tan dong déu cua cac hat oxit vd co trong ché
phém nhwa va sau d6 cai thién d6 én dinh bao quan ctia ché pham nhya. Méi truong
phén tan khong bi gidi han cu thé misn 14 budc hoéa rén ché pham nhya khong bi
can trd. Moi truong phan tan cd thé 1a mdi truong phan ting hodc khéng phan ung.

Monome nhu hop chit (met)acryloyl va hop chét epoxy c6 thé duoc s
dung lam méi trudng phén tan phan tmg. Cac vi du v& hop chat (met)acryloyl bao

gdm 1,6-hexandiol di(met)acrylat, bisphenol A di(met)acrylat cai bién boi EO,
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polyetylen glycol di(met)acrylat, bisphenol A di(met)acrylat cai bién boi PO,
polypropylen glycol di(met)acrylat, polytetrametylen glycol di(met)acrylat, 2-
hydroxy-3-phenoxypropyl acrylat, san phdm cdng axit (met)acrylic cua propylen
glycol diglyxidyl ete, san phim cong axit (met)acrylic cua tripropylen glycol
diglyxidyl ete, va san phim cong axit (met)acrylic cia glyxerin diglyxidyl ete. Cac
hop chét (met)acryloyl dugc I8y vi du boi céc monome di mé ta dudi day c6 thé
duoc st dung lam moi truong phan tan.

Dung mdi keton nhur metyl etyl keton (MEK), dung mdi rugu nhu metanol
(MeOH), ho#c dung méi este nhu propylen glycol monometyl ete axetat (PGMEA)
c¢6 thé duoc str dung lam méi trudng phan tin khong phan ung. Trong trudng hop
ctia mbi trudng phan tan khong phan tmg, ché phim nhya ¢6 thé dugc diéu ché
béng cach tron nhua nén va céc hat oxit vo co dugc phén tan trong moéi truong
phan tan va loai bo mot phan méi trudng phén tan.

Céc hat oxit v6 co dugc phén tan trong mdi truong phén tan con duge phan
tan trong 16p nhya sau khi hoa ran ché phim nhua. Khi méi trudng phén tan phan
tmg duoc st dung, céc hat oxit vo co dugc tron voi moi truong phan tan trong ché
phim nhua va dugc dua vao trong 16p nhua véi diéu kién phan tan dugc duy tri.
Khi mdi trudng phan tén khong phan ung dugce st dung, it nhat moét phan moi

truong phén tan bay hoi va bién mAt khoi ché pham nhua, nhung c4c hat oxit vo
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co con lai trong ché pham nhua véi diéu kién phan tan van con va cling c6 mat
trong 16p nhya hoa rin v6i diéu kién phan tan van con. Viéc quan sat bang kinh
hin vi dién tir cho thiy ring céc hat oxit vo co ¢6 mit trong 16p nhya trong diéu
kién phén tan cta hat so cép.

Nh& cac tinh chét phan tan vuot trdi trong ché pham nhya va sy hinh thanh
d& dang cta 16p nhua bing phing, dugc wu tién 12 cc hat oxit v6 co 1a it nhat mot
loai hat dugc chon tir nhém gém co silic dioxit (silica), ziricon dioxit (zirconia),
nhdém oxit (alumina), magie oxit (magnesia), titan oxit (titania), thiéc oxit, va kém
oxit. Tir quan didm tinh ré vuot trdi, qué trinh xit ly b mat d& dang, kha nang tham
tia tr ngoai, qua trinh diéu ché 16p nhua c6 d cing thich hop dé dang, va tuong
tu, duoc uu tién hon 1a cac hat silic oxit ky nudc duoc sir dung lam céac hat oxit vo
co theo phuong an cua sang ché. Pugc uu tién hon 1 sir dung céc hat silic oxit c6
cac nhom chirc ¢4 thé hoa rin bang tia cuc tim.

Tu quan diém truyén do dai thich hop dén 16p nhua thir cép, kich thuéc hat
S0 cép trung binh cua c4c hat oxit v co ¢6 thé nho hon hodc bang 500nm, tot hon
13 nhd hon hodic bing 200nm, tét hon nita 1a nho hon hodc bang 100nm, va con tot
hon 14 nhd hon hodc bang 50nm. Tir quan diém tang m6 dun Young cta 16p nhua
thir cap, kich thudc hat so cép trung binh cta c4c hat oxit v6 co t6t hon 14 1én hon

hodc bang 5nm, va tot hon nita 1 16n hon hogdc bang 10nm. Dudng kinh hat so cp
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trung binh ¢6 thé dugc do bang phép phan tich hinh &nh cua cac anh chup bang
kinh hién vi dién tir, phuong phép tin xa 4nh sang hodc phuong phap BET, chéng
han. Méi truong phan tan trong do hat so cép cta oxit vo co dugc phén tan co vé
trong sudt vé mit truc quan khi dudng kinh cta hat so cAp nho. Khi dudng kinh
cta hat so cap tuong d6i 16n (16n hon hozc bang 40nm), moi trudong phén tan trong
d6 hat so cip duoc phan tan duong nhu bi vAn duc, ma khong quan sat thay chét
két tua.

Ham luong clia cac hat oxit vé co t6t hon 12 16n hon hogc bang 1,5% khoi
luong va nho hon 65% khéi lugng, tét hon nita 12 16n hon hodc bang 3% khoi
luong va nhé hon hodc bing 63% khdi lugng, va con tét hon 1a 16n hon hofic bang
8% khéi lwong va nhé hon hodc bang 60% khéi luong dua trén tong luong clia ché
phém nhua (téng luong ctia nhya nén va céc hat oxit vo co). Ham lugng cua céc
hat oxit v6 co 16n hon hoac bang 1,5% khdi lugng cho phép dé dang lam gidm hé
sb gidn no tuyén tinh ctia 16p nhya vecni. Ham luong ctia céc hat oxit v co nho
hon 65% khdi luong cho phép cai thién d& dang céc dic tinh phu cta ché pham
nhua va hinh thanh 16p nhua dai. Vi tdng lugng cta ché pham nhya khé thay doi
khi héa rén, téng luong clia ché pham nhya c6 thé dugc cho 13 téng luong clia san
phédm héa ran cia ché pham nhua.

Nhua nén
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Nhua nén theo phuong 4n cua séng ché chtra oligome bao gdm uretan
(met)acrylat, monome va chét khoi mao quang polyme hda.

Pé 1am uretan (met)acrylat, oligome thu dugc bang cach cho hgp chét
polyol, hop chét polyisoxyanat, va hop chét (met)acrylat chira nhém hydroxyl phan
g c6 thé dugc sir dung.

Cic vi du v& hop chit polyol bao gdbm polytetrametylen glycol,
polypropylen glycol va diol cong bisphenol A-etylen oxit. Trong luong phén tu
trung binh s lugng ctia hop chét polyol c6 thé ndm trong khoang tir 400 dén 1000.
Céc vi du vé hop chét polyisoxyanat bao gbm 2,4-tolylen diisoxyanat, 2,6-tolylen
diisoxyanat, isophoron diisoxyanat, va dixyclohexylmetan 4,4’-diisoxyanat. Céc
vi du vé& hop chét (met)acrylat chira nhém hydroxyl bao gém 2-hydroxyetyl
(met)acrylat, 2-hydroxybutyl (met)acrylat, 1,6-hexandiol mono(met)acrylat,
pentaerytritol tri(met)acrylat, 2-hydroxypropyl (met)acrylat, va tripropylen glycol
mono(met)acrylat.

Pé 1am chit xtic tac dé téng hop uretan (met)acrylat, hop chét thiéc hiru co
thuong duge sit dung. Céc vi du vé& hop chét thiée hitu co bao gdm dibutyl thiéc
dilaurat, dibutyl thiéc diaxetat, dibutyl thiéc maleat, dibuty! thiéc bis(2-etylhexyl
mercaptoaxetat), dibutyl thiéc bis(isooctyl mercaptoaxetat), va dibutyl thiéc oxit.

Tir quan diém vé kha ning san c¢6 hodc hiéu suat xtic tac, dugc uu tién la dibutyl

12



47330 13/29

thiée dilaurat hodc dibutyl thiéc diaxetat duge st dung 1am chét xuc tac.

Khi uretan (met)acrylat dugc téng hop, cac rugu thap c6 sb lugng nguyén
tir cacbon nhé hon hodc bing 5 ¢6 thé dugc st dung. Céc vi du v& cac ruou thap
bao gdm metanol, etanol, 1-propanol, 2-propanol, 1-butanol, 2-butanol, 2-metyl-
2-propanol, 1-pentanol, 2-pentanol, 3-pentanol, 2-metyl-1-butanol, 3-metyl-1-
butanol, 2-metyl-2-butanol, 3-metyl-2-butanol, va 2,2-dimetyl-1-propanol.

Nhua nén c6 thé con bao gdm epoxy (met)acrylat dé 1am oligome. Oligome
thu dugc bang cach cho hop chét c6 nhém (met)acryloyl phan ing véi nhua epoxy
¢6 hai hodc nhiéu nhém glyxidyl c6 thé dugc str dung lam epoxy (met)acrylat.

It nhAt mot loai hat dugc chon tir nhém gém c6 monome don chirc c6 mot
nhém c¢6 thé polyme hoa va monome da chirc ¢6 hai hodc nhiéu nhém c6 thé
polyme hoa co6 thé dugc st dung 13m monome. Monome ¢ thé dugc st dung béng
cach tron hai hoac nhiéu monome.

Céac vi du v& monome don chirc bao gdm cac monome (met)acrylat nhu
metyl (met)acrylat, etyl (met)acrylat, propyl (met)acrylat, n-butyl (met)acrylat,
sec-butyl (met)acrylat, tert-butyl (met)acrylat, isobutyl (met)acrylat, n-pentyl
(met)acrylat, isopentyl (met)acrylat, hexyl (met)acrylat, heptyl (met)acrylat,
isoamyl (met)acrylat, 2-etylhexyl (met)acrylat, n-octyl (met)acrylat, isooctyl

(met)acrylat, isodexyl (met)acrylat, lauryl (met)acrylat, 2-phenoxyetyl
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(met)acrylat, 3-phenoxybenzyl acrylat, phenoxydietylen glycol acrylat,
phenoxypolyetylen  glycol  acrylat,  4-tert-butylxyclohexanol  acrylat,
tetrahydrofurfuryl (met)acrylat, benzyl (met)acrylat, dixyclopentenyl (met)acrylat,
dixyclopentenyloxyetyl (met)acrylat, dixyclopentanyl (met)acrylat, nonylphenol
polyetylen glycol (met)acrylat, nonylphenoxypolyetylen glycol (met)acrylat, va
isoborny! (met)acrylat; cAc monome chita nhém carboxyl nhu axit (met)acrylic,
dime axit (met)acrylic, carboxyetyl (met)acrylat, carboxypentyl (met)acrylat, va
@-carboxy-polycaprolacton (met)acrylat; di vong chita cic monome nhu N-
(met)acryloyl morpholin, N-vinyl pyrolidon, N-vinyl caprolactam, N-
acryloylpiperidin, N-metacryloylpiperidin, N-(met)acryloylpyrolidin, 3-(3-
pyridin) propyl (met)acrylat, va trimetylolpropan formal acrylat mach vong; cac
monome maleimit nhu maleimit, N-xyclohexyl maleimit, va N-phenyl maleimit;
cic monome amit nhu (met)acrylamit, N,N-dimetyl (met)acrylamit, N,N-dietyl
(met)acrylamit, N-hexyl (met)acrylamit, N-metyl (met)acrylamit, N-butyl
(met)acrylamit, N-butyl (met)acrylamit, N-metylol (met)acrylamit, va N-
metylolpropan (met)acrylamit; cdc monome aminoalkyl (met)acrylat nhu
aminoetyl (met)acrylat, aminopropyl (met)acrylat, N,N-dimetylaminoetyl
(met)acrylat, va tert-butylaminoetyl (met)acrylat; va cic monome sucxinimit nhu

N-(met)acryloyloxymetylen — sucxinimit, ~N-(met)acryloyl-6-oxyhexametylen
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sucxinimit, va N-(met)acryloyl-8-oxyoctametylen sucxinimit.

Céc vi du vé monome da chirc bao gdm: cac monome c6 hai nhém cd thé
polyme hoéa nhu etylen glycol di(met)acrylat, polyetylen glycol di(met)acrylat,
polypropylen glycol di(met)acrylat, neopentyl glycol di(met)acrylat, tripropylen
glycol di(met)acrylat, di(met)acrylat cua san pham cong alkylen oxit ctia bisphenol
A, tetraetylen glycol di(met)acrylat, axit hydroxypivalic neopentyl glycol
di(met)acrylat, 1,4-butandiol di(met)acrylat, 1,6-hexandiol di(met)acrylat, 1,9-
nonandiol di(met)acrylat, 1,12-dodecandiol di(met)acrylat, 1,14-tetradecandiol
di(met)acrylat, 1,16-hexadecandiol di(met)acrylat, 1,20-eicosandiol
di(met)acrylat, isopentyldiol di(met)acrylat, 3-etyl-1,8-octandiol di(met)acrylat,
va san phdm cong EO cua bisphenol A di(met)acrylat; va cdc monome c6 ba hodc
nhidu nhém c6 thé polyme hoéa nhu trimetylolpropan tri(metjacrylat,
trimetyloloctan  tri(met)acrylat, trimetylolpropan polyetoxy tri(met)acrylat,
trimetylolpropan polypropoxy tri(met)acrylat, —trimetylolpropan polyetoxy
polypropoxy tri(met)acrylat, tris[(met)acryloyloxyetyl] isoxyanurat, pentaerytritol
tri(met)acrylat, pentaerytritol ~polyetoxy  tetra(met)acrylat, pentaerytritol
polypropoxy tetra(met)acrylat, pentaerytritol tetra(met)acrylat, ditrimetylolpropan
tetra(met)acrylat, dipentaerytritol tetra(met)acrylat, dipentaerytritol

penta(met)acrylat, dipentaerytritol hexa(met)acrylat, va tris[(met)acryloyloxyetyl]
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isoxyanurat cai bién boi caprolacton.

Tir quan diém ting mo dun Young cua l16p nhua, monome t6t hon 13 bao
gdm monome da chirc, va t6t hon nita 12 bao gdm monome cé hai nhém ¢6 thé
polyme hoa.

Chat khoi mao quang polyme hda cé thé duoc chon mét cach thich hop tir
céc chat khoi mao quang polyme héa gbc da biét va dugc st dung. Céc vi du vé
chét khoi mao quang polyme héa bao gdm 1-hydroxyxyclohexyl phenyl keton
(Omnirad 184, san xuét bai IGM Resins), 2,2-dimetoxy-2-phenylaxetophenon, 1-
(4-isopropylphenyl)-2-hydroxy-2-metylpropan-1-on, bis(2,6-dimetoxybenzoyl)-
2.4 4-trimetylpentylphosphin oxit, 2-metyl-1-[4-(metylthio)phenyl]-2-
morpholino-propan-1-on (Omnirad 907 san xuat bdi IGM Resins), 2,4,6-
trimetylbenzoyldiphenylphosphin oxit (Omnirad TPO san xuét boi IGM Resins),
va bis(2,4,6-trimetylbenzoyl) phenylphosphin oxit (Omnirad 819, san xuét boi
IGM Resins).

v Ché phém nhua co thé chta thém chét két hop silan, chét 1am béng, chét
chéng tao bot, chét chong oxy héa, va chét tang nhay, va chét tuong tu.

Chét két hop silan khong bi giéi han cu thé mién 13 n6 khong anh hudng
x4u dén budc hoa rén ché pham nhua. Cac vi du vé chit két hop silan bao gdm

tetrametyl silicat, tetraetyl silicat, mercaptopropyl trimetoxysilan, vinyltriclosilan,
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vinyltrietoxysilan, vinyltris(B-metoxy-etoxy)silan, B-(3,4-epoxyxyclohexyl)-
etyltrimetoxysilan, dimetoxydimetylsilan, dietoxydimetylsilan, 3-
acryloxypropyltrimetoxysilan, y-glyxidoxypropyltrimetoxysilan, y-
glyxidoxypropylmetyldietoxysilan, y-metacryloxypropyltrimetoxysilan, N-(j-
aminoetyl)-y-aminopropyltrimetoxysilan, N-(-aminoetyl)-y-
aminopropyltrimetyldimetoxysilan, N-phenyl-y-aminopropyltrimetoxysilan, y-
clopropyltrimetoxysilan, y-mercaptopropyltrimetoxysilan, y-
aminopropyltrimetoxysilan, bis-[3-(trietoxysilyl)propyl]tetrasulfua, bis-[3-
(trietoxysilyl)propyl]disulfua, y-trimetoxysilylpropyldimetylthiocarbamyl
tetrasulfua, va y-trimetoxysilylpropyl benzothiazyl tetrasulfua.

M6 dun Young clia 16p nhua thir cAp tét hon 14 16n hon hogc bang 1200
MPa va nhé hon hoic bing 2800 MPa & 23°C, tét hon nira 12 16n hon hodc bang
1250 MPa va nho hon hoic bing 2750 MPa, va con tét hon 12 16n hon hogc bang
1300 MPa va nho hon hodc bing 2700 MPa. Mé dun Young cta 16p nhya thr cap
16n hon hoac béng 1200 MPa dé& dang cai thién cdc dac tinh 4p luc bén, va m6 dun
Young nhé hon hodc béng 2800 MPa cé thé tao ra d6 dai thich hop cho 16p nhya
thit cAp, va do d6 ¢6 thé d& dang cai thién cac dic tinh & nhiét do thép.

Lép nhua so cp

Lép nhua so cap 14 ¢6 thé duoc tao ra bang cach héa ran ché phdm nhya
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bao gém oligome bao gdm uretan (met)acrylat, monome, chét khoi mao quang
polyme héa va chat két hop silan. Cac k¥ thut da biét trong linh vic ndy c6 thé
duoc stir dung cho ché phém nhua dung cho 16p nhua so cép. Uretan (met)acrylat,
monome, chét khoi mao quang polyme héa va chit két hop silan c6 thé dugc chon
mot cach thich hgp tr cac hop chét duoc 14y vi du trong nhua nén néu trén. Ché
phém nhua tao nén 16p nhua so cép co6 thanh phﬁn khéc biét voi nhua nén tao ra
16p nhya thr cAp.

Tir quan diém ngan chin sy tao ra cac 16 rong trong s¢i quang, md dun
Young cuda lop nhua so cap t6t hon 14 16n hon hodc bang 0,04 MPa va nhd hon
hoiic bing 1,0 MPa & 23°C, t6t hon nita 13 16n hon hogc bang 0,05 MPa va nhé
hon hodc bing 0,9 MPa, va con t&t hon 13 16n hon hogc bang 0,05 MPa va nhé hon
hoéac bé’mg 0,8 MPa.
Vi du thwe hién sang ché

Sau day, cac két qua cta thit nghiém dénh gia béang cach st dung céc vi du
va céac vi du so sanh theo sang ché s& dugc thé hién, va sang ché dugc mé ta chi
tiét hon. Sang ché khong bi gidi han & cac vi du nay.

Ché pham nhya cho 16p nhya thi cp
Oligome

Pé l1am oligome, uretan acrylat (UA) thu dugc bang céch cho phan tng
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polypropylen glycol cé trong lugng phén tir béang 600, 2,4-tolylen diisoxyanat, va
hydroxyetyl acrylat, va epoxy acrylat (EA) dugc diéu ché.

Monome

Pé lam monome, isobornyl acrylat (tén thuong mai “IBXA” ctia Osaka
Organic Chemical Industry Co., Ltd.), tripropylen glycol diacrylat (tén thuong mai
“TPGDA” of Daicel Ornex Co., Ltd.), va 2-phenoxyetyl acrylat (tén thuong mai
“Light Acrylat PO-A” ctia Kyoei Chemical Co., Ltd.) dugc diéu ché.

Chét khoi mao quang polyme héa

DPé lam chét khoi mao quang polyme hda, 1-hydroxyxyclohexyl phenyl
keton (Omnirad 184) va 2,4,6-trimetylbenzoyldiphenylphosphin oxit (Omnirad
TPO) duoc diéu ché.

Cac hat oxit vo co

Dung dich keo silic oxit c¢6 céc hat silic oxit ky nudc ¢6 nhém metacryloyl
va ¢c6 kich thudce hat so cap trung binh nam trong khoang tir 10 dén 15nm, duoc
phén tan trong MEK duoc diéu ché dudi dang cac hat oxit vo co.

Ché phim nhya

Trudc tién, nhua nén duoc diéu ché béng cach tron oligome, monome, va
chét khoi mao quang polyme héa néu trén. Tiép theo, dung dich keo silic oxit dugc

tron v6i nhua nén dé c6 ham lugng cia céc hat silic oxit dugc thé hién trong bang
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1 hoac bang 2, va sau do phan 16n MEK duéi dang méi trudng phan tan dugce loai
bo dudi ap sudt giam d8 tao ra ché phdm nhya cho 16p nhya thir cap. Ham luong
cua MEK con lai trong ché phérn nhua la nhé hon hoac béng 5% khdi lugng.

Trong cac bang 1 va 2, cc gid tri cua oligome va monome la cac ham luong
dua trén téng luong cta oligome va monome, va gia tri cta cac hat silic oxit la
ham lugng dua trén tong luong cla ché phdm nhua.

Ché phim nhya dung cho 16p nhya so cap

Uretan acrylat thu duoc bang cach cho phan tng polypropylen glycol véi
trong luong phan tr bang 4000, isophoron diisoxyanat, hydroxyetyl acrylat phan
Ung, va metanol duoc diéu ché. Uretan acrylat v6i lugng 75 phan khéi luong,
acrylat cai bién boi nonylphenol EO véi luong 12 phan khéi luong, N-
vinylcaprolactam véi lugng 6 phén khéi lugng, 1,6-hexandiol diacrylat véi luong
2 phén khéi luong, 2,4,6-trimetylbenzoyldiphenylphosphin oxit véi luong 1 phan
khéi luong, va 3-mercaptopropyltrimetoxysilan véi lugng 1 phan khdi lugng duge
tron 1an dé thu duoc ché phim nhwa dung cho 16p nhya so cap.

Séan xuét soi quang

Trén chu vi bén ngoai ctia soi thuy tinh ¢6 dudng kinh 125um dugc tao nén
béi 181 va 16p boc, 16p nhya so chp v6i chidu day 35um dugc tao ra bang cach sir

dung ché phim nhua ding cho 16p nhua so cp, va 16p nhua thit cAp véi chiu day
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25um dugce tao ra thém nita trén chu vi bén ngoai cia nd bing céach sir dung céc
ché phém nhua cta céc vi du hodc cac vi du so sanh dé tao ra cac soi quang. Van
td¢ thang bang 1500m/phut.

MBb dun Young cta 16p nhua so cip

Mb dun Young cua lép nhya so cap dugc do bang phuong phip Pullout
Modulus (POM) & 23°C. Hai phan ctia soi quang duoc ¢b dinh bang hai dung cu
kep, 16p nhya vecni (16p nhua so cap va 16p nhya tht cép) gitta hai dung cu kep
dugc loai bo, va sau d6 mot dung cu kep dugc ¢d dinh va mot dung cu kep khac
duoc di chuyén tir tir theo huéng ngugc lai ciia dung cu cb dinh. Khi chiéu dai ctia
phén dugc kep gifta cac dung cu kep dugc di chuyén trong soi quang 1a L, luong
di chuyén cua dung cu kep 1& Z, dudong kinh ngoai cua 16p nhya so cap 1a Dp,
duong kinh ngoai cua sgi thiy tinh 1a Df, hé s6 Poisson cua 16p nhya so cap la n,
va tai khi di chuyén dung cu kep 12 W, md dun Young cua 16p nhua so cap duoc
xac dinh tir cong thirc dudi day. M6 dun Young ctia 16p nhya so chp bang 0,2 MPa.

Mb dun Young (MPa) = ((1+n)W/nLZ)xIn(Dp/Df)

Mob dun Young ctia 16p nhua thu cp

Mb dun Young cua l6p nhya tha cép dugc xac dinh tlr gia tri cat tuyén 2,5%
béang cach st dung 16p nhya vecni dang 6ng (chiéu dai: 16n hon hodc bang 50mm)

thu duoc bé‘mg cach tach soi thuy tinh ra khoéi s¢i quang dé thuc hién thir nghiém
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d6 bén kéo (khoang cach giita cac dudng duge danh d4u: 25mm) trong moi truong
23 +2°C va d6 4m tuong ddi (relative humidity, RH) 50 * 10%.

Hé sb gidn né tuyén tinh

Lé6p nhua veeni dang 6ng thu duoc béng céach tach soi thiy tinh ra khéi s¢i
quang dugc st dung 1am mau dé do hé sb gidn né tuyén tinh. Hé s gidn nd tuyén
tinh cia 16p nhya vecni duge do trong cac didu kién sau dy bang cach sir dung
thiét bi phan tich co nhiét (“TMA4000S” san xut bdi Bruker AXS GmbH). Céc
dit liéu ctia nhiét d6 T (°C) dugc do nim trong khoang tir T°C dén T°C + 10°C véi
céc sb gia 1°C va dugc tinh trung binh dé tinh céc s6 liéu & cac khoang cach 10°C,
va phép do dugc thuc hién trong 3 chu ky trong khoang nhiét do sau day, va hé 56
gifin nd tuyén tinh trung binh & nhiét do nim trong khoang tir -50°C dén 0°C dugc
tinh tlr cac gid tri trung binh trong khoang nhiét d¢ nay trong 3 chu ky.

Khoéng nhiét d6: -50°C dén 0°C

Tbc d6 gia nhiét: 5°C/phut

Mobi tru‘ﬁmg khi: khong khi

Chiéu dai do: khoang 15mm

Phuong thtrc do: phuong phap kéo cang

Strc kéo: 0,015N

Sy hinh thanh 16 réng
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S¢i quang dai 10m duoc luu trit ¢ 85°C va do 4m 85% trong 120 ngay va
sau d6 duoc dé & -40°C trong 16 gid, va sur cé mit hodc khong cé mit cac 16 rong
véi dudng kinh 16n hon hogic bing 10pum dugc quan sat bing kinh hién vi. Truong
hop & d6 s lugng ctia cac 16 rdng trén mdi 1m soi quang nhé hon 1 duge dénh gia
14 “A”, trudng hop & d6 sb luong cac 13 rdng tir 1 dén 2 duge danh gid 1a “B”, va
trudng hop & d6 sd lugng cac 16 rdng vuot qua 2 dugc danh gid 1a “C”.

Céc dac tinh 4p luc bén

Tén lthét do truyén dan 4nh sang c6 budc séng bang 1550nm khi sgi quang
duoc quin thanh mét 16p duy nhét 1én trén éng diy véi bé mit cia né dugce bao
pht bang gidy rap va c6 duong kinh bang 280mm dugc do bang phuong phép st
dung phan xa ké mién thoi gian quang hoc (Optical Time Domain Reflectometer,
OTDR). Ngoai ra, ton thét do truyén dén anh sang c6 budc séng bang 1550nm khi
soi quang dugc quan thanh mot 16p duy nhit trén dng day c6 dudng kinh bang
280mm ma khong c6 gidy rap dugc do bang phuong phap OTDR. Thu dugc mirc
chénh léch vé tdn thét do truyén dan do dugc va cac dic tinh 4p luc bén dugce danh
gid 1a “A” khi mirc chénh léch tdn that do truyén dan nho hon hoic béng 0,6 dB/km,
va céc dic tinh 4p luc bén duge danh gia 1a “B” khi mtc chénh léch ton thét do
truyén dan 1én hon 0,6 dB/km.

Céc dic tinh & nhiét do thap
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Soi quang duogc quin xung quanh dng déy thiy tinh véi stc cing bang 50g

thanh mot 16p duy nhét, va cac dic tinh truyén dan anh séng tin hiéu c6 budc séng

bing 1550nm dugc do trong cac diéu kién nhiét d6 twong tmg 23°C va -40°C dé

x4c dinh ton that do truyén dan & 23°C va -40°C. Truong hop & d6 mic chénh léch

tén thét do truyén dan thu dugc bang cach 13y t6n that do truyén dan & -40°C trir

tdn that do truyén din ¢ 23°C nhé hon 0dB duoc danh gia 1 “A”, trudng hop 16n

hon hoac bﬁmg 0 dB va nhé hon 0,01 dB/km dugc ddnh gia 1a “B”, va trudong hop

16n hon hodc bang 0,01 dB/km dugc d4nh gid 1a “C”.

Bang 1
Vi du 1 2 3 4 5
Oligome UA 50 50 50 50 50
(% khéi
EA 10 10 10 10 10
luong)
Monome IBXA 10 10 10 10 10
(% khdi TPGDA 13 13 13 13 13
lwong) POA 17 17 17 17 17
Céc hat silic oxit (% khi
5 18 30 40 60
luong)
Mb dun Young (MPa) 1300 1600 1900 1600 2700
Su tao ra 16 rong A A A A A
Cac dac tinh 4p luc bén A A A A A
Hé sb gian né tuyén tinh (x
8,8 7,6 6,6 5,7 4,0
10°%/°C)
Céc dic tinh & nhiét d thip B A A A A
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Bang 2
Vi du so sanh 1 2 3
Oligome UA 50 30 50
(% khéi lugng)  |EA 10 35 10
IBXA 10 8 10
Monome
) TPGDA 13 12 13
(% khoi lugng)
POA 17 15 17
Céc hat silic oxit (% khdi lugng) 1 - 65
Mo dun Young (MPa) 1150 1600 3000
Su tao ra 16 réng A C B
Cac dac tinh &p lyc bén A A A
Heé s6 gidn nd tuyén tinh (x 10°5/°C) 9,2 9,0 3,0
Céac dic tinh & nhiét d6 thp C C C

Danh sach ky hiéu tham chiéu
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10: Soi quang, 11: L&i, 12: Lép boc, 13: Soi thdy tinh, 14: Lép nhua so

cap, 15: Lép nhya thir cap, 16: Lép nhya vecni.
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YEU CAUBAO HO

1. S¢i quang, trong do sgi quang ndy bao gbm:

soi thiy tinh bao gom 13i va 16p boc; va

16p nhura vecni bao phtl chu vi bén ngoai cla soi thuy tinh,

trong do hé s6 gian ng tuyén tinh trung binh cua 16p nhya vecni & nhiét do
16n hon hodc bing -50°C va nhé hon hoc bang 0°C 1a 16n hon hoic bang
3,3 x 107/°C va nhé hon 9,0 x 107/°C,

trong d6 16p nhya vecni ¢6 16p nhya so cap duoc cho tiép xic véi sgi thity
tinh va bao phu sgi thuy tinh va 16p nhya thir cAp bao phii chu vi bén ngoai cua 16p
nhya so cép,

16p nhya thu cép bao gdbm san phim héa ran cua ché phidm nhua bao gbm
nhya nén chtra oligome bao gom uretan (met)acrylat, monome, va chét khoi mao
quang polyme héa, va céac hat oxit v6 co ky nudce, va

trong d6 ham lﬁ:c_mg ciia céc hat oxit vo co 16n hon hodc bang 3% khéi
luong va nho hon 65% khéi lugng trén téng luong ctia ché pham nhua.
2. Soi quang theo diém 1, trong d6 ham lugng ctia céc hat oxit v6 co 16n hon hodc
bang 8% khéi lugng va nho hon hodc bing 60% khdi lugng trén tong luong cia
ché phim nhua.

3. Sgi quang theo diém 2, trong d6 cac hat oxit vo co la it nhat mét loai hat dugc
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chon tir nhém gém cé silic dioxit, ziricon dioxit, nhom oxit, magie oxit, titan oxit,
thiéc oxit, va k&m oxit.

4. Soi quang theo diém 3, trong d6 cac hat oxit vd co ¢6 nhém chire c6 thé hoa rin
bing tia cyc tim.

5. Soi quang theo diém 4, trong d6 nhém chirc ¢ thé hoa rén béng tia cuc tim la
nhom (met)acryloyl.

6. Soi quang theo diém 2, trong d6 cac hat oxit vo co ¢ nhom chtic ¢6 thé héa rin
bang tia cuc tim.

7. Soi quang theo diém 6, trong d6 nhém chirc c6 thé héa ran bang tia cuc tim 13
nhom (met)acryloyl.

8. Soi quang theo diém 1, trong d6 céc hat oxit vo co 12 it nhat mét loai hat dugc
chon tir nhém gém c6 silic dioxit, ziricon dioxit, nhdm oxit, magie oxit, titan oxit,
thiéc oxit, va kém oxit.

9. Soi quang theo diém 8, trong dé cac hat oxit vd co ¢6 nhém chire c6 thé héa rin
bang tia cuc tim.

10. S¢i quang theo diém 9, trong d6 nhém chire ¢6 thé héa rén bang tia cuc tim 12
nhom (met)acryloyl.

11. Soi quang theo diém 1, trong d6 cac hat oxit v6 co ¢6 nhém chirc c6 thé hoa

ran bang tia cyc tim.
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12. Soi quang theo diém 11, trong d6 nhém chirc c6 thé héa ran bang tia cyc tim

la nhom (met)acryloyl.
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