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(21) 1-2020-07208

(57) Sang ché dé cap dén soi quang hoc bao gom soi thily tinh gdm 151 va vo, 16p
nhura so cp tiép xtic v6i soi thity tinh va bao boc soi thuy tinh, va 1op nhua thi cap
bao boc 16p nhua so cap, trong d6 16p nhya so cap chtra san pham luu héa ciia hop
phan nhwa chira uretan (met)acrylat oligome, monome, chit khoi mao quang
polyme hoa va hop chat axit thom, ham luong hop chét axit thom 13 16n hon hozc
bang 20 ppm va nhé hon hodc bang 12000 ppm dua trén tong lugng hop phan nhua,
va modun Young cta 16p nhya so cip 1a it hon hodc bang 0,6 MPa & nhiét do

23°C+2°C.
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Linh vye ki thuat duge dé cap
Sang ché dé cap dén soi quang hoc.
Tinh trang k§ thuit cia sang cheé

Noi chung, soi quang hoc bao gom 1dp nhua phu dé bao vé soi thuy tinh
ma la phuong tién truyén quang hoc. Lop nhua phd duoc cau thanh boi, vi dy, 1op
nhya so cap va 16p nhya thir cap. D€ lam gidm sy gia tdng ton that truyén giy ra
bdi sy udn cong nhe gay ra khi ap luc bén duoc tac dung t6i sgi quang hoc, thi can

phai cdi thién dac tinh ap luc bén doi vdi soi quang hoc.

Trong tai lidu sang ché 1, viée dat duoc ca d6 mém (mddun Young thip)
va d0 bén co hoc cua [&p nhya so cép da dugc nghién ctru sir dung hop phén nhua
chira uretan oligome thu duoc béng céch cho phan tng san phdm phan Gng cta
polyete diol béo va diisoxyanat véi rugu monohydric va (met)acrylat chita nhém

hydroxyl.

Danh muc tai liéu trich dan:

Tai liéu sang ché:

Tai liéu sang ché 1: JP 2012-11674 A
Bén chit ky thuit ciia sang ché

Soi quang hoc theo mdt khia canh ctia sang ché bao gdm soi thily tinh gém
161 va vo, 16p nhua so clp tiép xuc véi soi thuy tinh va bao boc soi thuy tinh, va
16p nhya thir cip bao boc 16p nhya so cip, trong d6 16p nhua so cap bao gdm san
pham luu hoa ciia hop phan nhya chira uretan (met)acrylat oligome, monome, chét
khoi mao quang polyme héa va hop chit axit thom, ham luong hop chét axit thom
14 16n hon hodc bing 20 ppm va nho hon hodc bang 12000 ppm dua trén tong
luong hop phan nhira, va mddun Young ctia 16p nhua so cép la it hon hodc bang

0,6 MPa ¢ nhiét do 23°C+2°C.
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Mo ta van tat cac hinh vé

Fig.1 12 hinh v& mit cat ngang dang so do thé hién vi du vé soi quang hoc

theo phuong an hién thoi.

Fig.2A 12 hinh v& thé hién két cau cta vét liéu ludi kim loai duoc su dung

cho thtr nghiém ap luc bén ludi.

Fig.2B la hinh vé& phéng to mot phén ctia Fig.2A.
Mb ta chi tiét sang ché
Vén dé can duoc giai quyét boi séng ché

Soi quang hoc can phai ¢6 cac déc tinh duy tri nhu do bén chang han ngay
ca trong trudng hop duge ngdm trong nudce trong mot thoi gian dai. Tuy nhién, soi
quang hoc bao gbm 1ép nhya so cap ¢6 modun Young thdp c6 xu huéng duy tri
thép hon ctia do bén thuy tinh ngdm dudi nude. Do d6, muc dich cia sang ché la
dé xudt soi quang hoc ma cho phép ngan su giam do bén thuy tinh ngay ca trong

truong hop duoce ngdm trong nude trong mot thoi gian dai.
Hiéu qua dat dugc cta sang ché

Theo sang ché, soi quang hoc ¢6 thé duge tao ra ma cho phép ngén sy giam
d6 bén thiy tinh ngay ca trong trudng hop dugc ngam trong nudc trong mot thoi
gian dai.

M6 ta cac phuong an cia sang ché

Tht nhét, ndi dung ctia cac phuong an ctia sang ché s& dugc liét ké va duoc
mo ta. Soi quang hoc theo moét khia canh cta sang ché bao gdm soi thiy tinh gom
161 va vo, 16p nhua so cap tiép xic véi soi thiy tinh va bao boc soi thuy tinh, va
16p nhua thtr cép bao boc 16p nhya so cép, trong d6 16p nhya so cép bao gém san
pham luu héa ctia hop phan nhua chira uretan (met)acrylat oligome, monome, chat
khoi mao quang polyme héa va hop chit axit thom, ham luong hop chat axit thom
l4 16n hon hodc biang 20 ppm va nhé hon hodc bang 12000 ppm dua trén tong

luong hop phan nhya, va moédun Young ctia 16p nhua so cép la it hon hodc biang

~
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0,6 MPa & nhiét do 23°C+2°C.

Béng cach tao ra 16p nhya so cap c6 modun Young thap nho st dung hop
phé”m nhua chira hop phﬁn axit cu thé, su giam vé d bén thiy tinh cla sgi quang
hoc c6 thé dugc ngan chin ngay ca trong trudong hop ma soi quang hoc duge ngam
trong nude trong mot thoi gian dai.

Theo quan diém vé viéc diéu chinh tinh axit ctia 1&p nhua so cp, hop phan
nhua néu trén c6 thé chira hai hogc nhidu hop chit axit thom. Theo quan diém néng
cao kha nidng tuong thich véi cac hop phan nhya nhu oligome va monome ching
han dé san xudt soi quang hoc cé do bén thiy tinh cao hon, cac hgp chét axit thom

c6 thé bao gdm axit dipheny! phosphinic va axit trimetylbenzoic.

Theo quan diém lam cho d& luu hoa hop phan nhua véi tia cuc tim dé gia
tang thém do bén thiy tinh ctia soi quang hoc, hop phan nhua néu trén ¢ thé chura
monome phén cuc lam monome va ham luong monome phén cue ¢o thé 16n hon
hodc bing 3% khéi luong hodc nho hon hodc bé’mg 15% khéi luong dua trén téng

lugng hop phan nhua.

Theo quan diém vé viéc ning cao dd bam dinh ctia 1ép nhya so cép vao soi
thiy tinh dé gia tang sy duy tri cua do bén thiy tinh & cdc diéu kién nhiét d6 va do

4m cao, hop phan nhua cé thé con chira hai hogc nhiéu chat lién két silan.
M5 ta chi tiét cac phuong an cua sang ché

Céac vidu cu thé vé hop phén nhua va soi quang hoc theo cac phuong an
clia sang ché s& duoc mb ta ¢ dua vao cc hinh v& kém theo khi can. Sang ché
khéng bi gi¢i han & cac vi du ndy, nhung dugc xac dinh boi pham vi yéu cau bao
hd, va nham bao ham céc nghia tuvong duong vdi pham vi yéu cdu bao ho va tat ca
céc stra doi trong pham vi yéu cAu bao ho. Trong phan mé ta dudi day, ky hiéu
gibng nhau duoc dp dung cho cic phén tir giéng nhau trong phan moé ta cac hinh

vé dé tranh viéc mo ta lap lai.

Fig.1 12 hinh v& mit cat ngang dang so do the hi¢n mot vi du vé soi quang
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hoc theo phuong 4n hién thoi. Soi quang hoc 10 bao gbm soi thiy tinh 13 gbm 16i
11 va vo 12, va 16p nhua pht 16 bao gbm 1ép nhua so cap 14 duoc b6 tri & bién

ngodi cua s¢i thuy tinh 13 va 16p nhya thir cap 15.

Vo 12 bao quanh 161 11. Lai 11 va vé 12 chu yéu chira thiy tinh nhu thuy
tinh silic oxit chang han, va vi dy, silic oxit b6 sung gecmani c6 thé duogc st dung
cho 181 11, va silic oxit tinh khiét hogc silic oxit b sung flo c6 the dugc st dung

cho vo 12.

Trén Fig.1, vi du, dudng kinh ngoai ctia soi thiy tinh 13 (D2) la khoang
125 pum, va duong kinh cua 16i 11 (D1) cAu thanh soi thiy tinh 13 [a khoang tir 7
dén 15 pm.

D6 day cua 16p nhya pht 16 thuong khoang tir 60 dén 70pum. Do day cua
mdi 16p nhua so cép 14 va 16p nhya thir cp 15 c6 thé 12 khoang tir 10 dén 50pm,
vi du, d6 day cua l&p nhua so cép 14 c6 thé 12 35 um, va do day cua 16p nhya thir
clp 15 ¢o thé 1a 25 pm. Dudng kinh ngoai cua soi quang hoc 10 c6 thé 14 khoang
tlr 245 dén 265 pm. D6 day ctia 1ép nhya pht 16 ¢6 thé 1a khoang tir 27 dén 48 pm.
Trong trudng hop do, do day ctia mi 16p nhua so cip 14 va 16p nhya th cap 15
¢6 thé 13 khoang tlr 10 dén 38 pm, vi du, do day cta 16p nhua so cip 14 c6 thé la
25 um, va d¢ day cua lop nhya thir cép 15 ¢6 thé 12 10 um. Pudng kinh ngoai ctia

soi quang hoc 10 ¢6 thé 1a khoang tir 180 dén 220 pm.

Theo quan diém vé viéc ning cao do bén thiy tinh ctia soi quang hoc,
médun Young ctia 16p nhua so cép 14 it hon hodc bang 0,6 MPa & nhiét dg 23°C,
t6t hon 12 nhé hon hodc béng 0,5 MPa, tot hon nita la nhd hon hoic b%mg 0,3 MPa.
Gid6i han duédi cia médun Young cta 16p nhyua so cap khong bi gigi han mot cach
cu thé, va 1a khoang 0,05 MPa. Mddun Young cta 16p nhua so cép c6 thé dugc do
béi thir nghiém modun kéo (Pullout Modulus) ¢ nhiét d6 23°C. M6dun Young cua
16p nhya so cip cé thé duoc didu chinh boi kiéu oligome, phan tr lugng cia

oligome, kiéu monome, lugng monome duge bod sung, v.v.

L6p nhya so cép 14 ¢6 thé duge tao ra béng cach luu hoa hop phén nhua

4/24
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¢6 thé luu héa UV chira uretan (met)acrylat oligome, monome, chat khoi mao

quang polyme héa va hgp chat axit thom.

& day, (met)acrylat c6 nghia 14 acrylat hodc metacrylat twong img vdi no.
biéu nay ciing dugc ap dung cho cac biéu thirc tvong tu khéc nhur axit (met)acrylic

chang han.

Céc vi du vé uretan (met)acrylat oligome bao gom céc oligome thu duoc
bang cach cho phan Umg hop chat polyol, hop chét polyisoxyanat va hop chat

hydroxyl chira nhom (met)acrylat.

Cac vi du vé hop chit polyol bao gdbm polytetrametylen glycol,
polypropylen glycol va bisphenol A-etylen oxit lién két phuc diol. Tir quan diém
lJam giam moddun Young cta l6p nhya so cép, phan tr lugng trung binh s6 cia hop
chit polyol co thé tir 1000 dén 8000. Cac vi du v& hop chat polyisoxyanat bao gbm
2 4-tolylen diisoxyanat, 2,6-tolylen diisoxyanat, isophoron diisoxyanat va
dixyclohexylmetan 4,4'-diisoxyanat. Cac vi du vé& hop chat hydroxyl chira nhom
(met)acrylat bao gom 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 (met)acrylat.

Nhu 1a chét xtc téac dé tong hop uretan (met)acrylat oligome, hop phan
thiéc hiru co thuong duge sir dung. Cac vi du vé hop phéan thiéc hiru co bao gom
dibutyltin dilaurat, dibutyltin diacetat, dibutyltin malat, dibutyltin bis(2-etylhexyl
mercaptoaxetat), dibutyltin bis(isooctyl mercaptoaxetat) va dibutyltin oxit. Tu
quan diém vé dic tinh xtc tac hodc san co, dibutyltin dilaurat hodc dibutyltin

diacetat duoc uu tién sir dung lam chat xtc tac.

Tir quan diém lam giam modun Young cua l6p nhua so cép, ruou thép c6
5 hoac it hon 5 nguyén tu cacbon co thé duoc st dung dé tong hop uretan
(met)acrylat oligome. Cac vi du vé 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-
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butanol va 2,2-dimetyl-1-propanol.

Sau day, vigc didu ché uretan (met)acrylat oligome s& duge mo ta c6 dua
vao cac vi du cu thé. Vi du, khi polypropylen glycol nhu polyol, isophoron
diisoxyanat nhu polyisocyanate, 2-hydroxyetyl acrylat nhu (met)acrylat chura
nhom hydroxyl, va metanol nhu ruou dugc st dung, cac uretan (met)acrylat
oligome bao gd6m 3 loai san pham phan Gng duoc thé hién dudi day co thé dat
duogc:

(1) H-I-(PPG-I)n-H

(2) H-I-(PPG-I)n-Me

(3) Me-I-(PPG-I)n-Me

trong d6 H [a phan du cta 2-hydroxyetyl acrylat, I 1a phan du cua isophoron
diisoxyanat, PPG la phan du ctia polypropylen glycol, Me la phan du cia metanol

va n 12 s0 nguyén 16n hon hodc bang 1.

Vi san pham phan tng (1) 1a oligome phan mg ca hai dau, n6 lam ting mat
d6 lién két ngang ctia san pham luu héa, mat khéc, vi san phim phén tng (2) 1a
oligome phan g mot dau, no c6 hidu qua lam giam mat do lién két ngang ctia san
phém luu héa, va do d6 médun Young co thé duoc giam. Vi san pham phan tng
(3) la oligome khong phan tmg ca hai dau va khong trai qua qua trinh luu héa UV,
san pham phan (mg tét hon 1a duoc didu ché sao cho san pham phan (mg (3) duoc
tao nén cang it cang tt. Cling trong truong hop st dung ruou khac véi metanol,
oligome khong phan tmg mét dau hodc oligome khong phan tmg ca hai dau co the
duge didu ché.

Khi tong hop uretan (met)acrylat oligome, chét lién két silan c6 nhém chirc
phan Umg va&i nhom isoxyanat ¢o thé duoc st dung. Cac vi du vé chét lién két silan
¢6 nhom chire phan mg véi nhom isoxyanat bao gom, vi du, N-2-(aminoetyl)-3-
aminopropylmetyldimetoxysilan, N-2-(aminoetyl)-3-aminopropyltrimetoxysilan,

3-aminopropyltrimetoxysilan, 3-aminopropyltrietoxysilan, 3-
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mercaptopropylmetyldimetoxysilan va 3-mercaptopropyltrimetoxysilan. Hop chat
polyol va hop chét isoxyanat dugc phan ing & thu duoc san pham & trang théi co
c4c nhém isoxyanat & ca hai dAu, va hop chat hydroxyl chira nhém (met)acrylat va
chét lién két silan duoc sir dung két hop dé phan ting voi cdc nhém isoxyanat, va
do dé oligome ¢o chét lién két silan dugce thém vao mot dau co6 thé duoc tong hop
ngoai oligome phan Umg ca hai dau. Két qua 1a, vi oligome co thé phan ting véi
thuy tinh, su két dinh giita soi thuy tinh 13 va lop nhya so cép 14 ¢6 thé duoc cai
thién.

Péi voi monome, monome don chiic ¢ mdt nhom polyme hoéa duge va
monome da chirc ¢ hai hodc nhiéu nhom polyme hoa duoc c6 thé duoc st dung.

Hai hodc nhiéu monome c¢6 thé duge trdn trudce khi str dung.

Céc vi du vé monome don chuc bao gdm, vi du, cdc (met)acrylat monome
nhu metyl (met)acrylat, ethyl (met)acrylat, propyl (met)acrylat, n-butyl
(met)acrylat, s-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, phenoxyetyl (met)acrylat,
tetrahydrofurfuryl (met)acrylat, benzyl (met)acrylat, dixyclopentenyl (met)acrylat,
dixyclopentenyloxyetyl (met)acrylat, dixyclopentanyl (met)acrylat, noylphenol
polyetylen glycol (met)acrylat, nonylphenoxy polyetylen glycol (met)acrylat va
isobornyl (met)acrylat ching han; monome chtra nhom cacboxyl nhu axit
(met)acrylic, axit (met)acrylic dime, cacboxyetyl (met)acrylat, cacboxypentyl
(met)acrylat va o-cacboxy-polycaprolacton (met)acrylat chang han; cac
(met)acrylat chtra heteroxycle nhu 3-(3-pyridyl)propyl (met)acrylat, N-
acryoylmorpholin, N-vinylpyrolidon, N-vinylcaprolactam, N-acryoylpiperidin, N-
metacryoylpiperidin va N-acryoylpyrolidin ching han; cac monome maleimit nhu
maleimit, N-xyclohexylmaleimit va N-phenylmaleimit ching han; cdc monome
amit thay thé N nhu (met)acrylamit, N,N-dimetyl (met)acrylamit, N,N-dietyl

(met)acrylamit, N-hexyl (met)acrylamit, N-metyl (met)acrylamit, N-butyl

7
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(met)acrylamit, N-butyl (met)acrylamit, N-metylol (met)acrylamit va N-
metylolpropan (met)acrylamit ching han; cac monome aminoalkyl (met)acrylat
nhu aminoetyl (met)acrylat, aminopropyl (met)acrylat, N,N-dimetylaminoety!
(met)acrylat va t-butylaminoetyl (met)acrylat chang han; cic monome sucxinimit
nhu N-(met)acryoyloxymetylen sucxinimit, N-(met)acryoyl-6-oxyhexametylen

sucxinimit va N-(met)acryoyl-8-oxyoctametylen sucxinimit chang han.

Monome phén cuc ¢é thé duoc st dung lam monome don chirc vi no gip
d& luu héa hop phan nhya véi tia cyc tim va lam giam cac hop phan khéong luu hoa
con lai trong lop nhya so cap. Céc vi du vé monome phan cuc bao gom cac
(met)acrylat chira heteroxycle néu trén, cac monome amit thay thé N, cac monome
aminoalkyl (met)acrylat va cdc monome sucxinimit. Trong s& c4c hop phén nay,
(met)acrylat chtra heteroxycle duge uu tién la monome phan cuc, va N-
vinylcaprolatam duoc uu tién hon, vi chiing khéng chiu su ngan can luu hoéa boi

OXYy.

Theo quan diém vé viéc lam tang thém do bén thuy tinh so1 quang hoc,
ham luong ctia monome phén cyc tot hon 1a 16n hon ho#c bang 3% khoi luong va
nho hon hogic bang 15% khéi lugng, tot hon nita 1a 16n hon hodc béng 7% khoi

Jluong va nhé hon hodc bang 15% khéi lugng dua trén tong lugng hop phén nhua.

 Céac vi du v& monome da chirc bao gdm 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 cta san
phém bisphenol A-alkylen oxit, tetraetylen glycol di(met)acrylat, neopentylglycol
hydroxypivalat ~ 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, di(met)acrylat cta san phdm cong bisphenol A-EO,

trimetylolpropan tri(met)acrylat, trimetyloloctan tri(met)acrylat,
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trimetylolpropanepolyetoxy  tri(met)acrylat, trimetylolpropanepolypropoxy
tri(met)acrylat, trimetylolpropanepolyetoxypolypropoxy tri(met)acrylat,
tris[(met)acryoyloxyetyl] isoxyanurat, pentaerytritol tri(met)acrylat,
pentaerytritolpolyetoxy 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)acryoyloxyetyl]

isoxyanurat cai bien caprolacton.

Chét khoi méao quang polyme hoa c6 thé duoc lua chon mot cach thich hop
tir cée chét khoi mao quang polyme hoa da biét va duoc sir dung. Céc vi du vé chit
khoi mao quang polyme héa bao gdm 1-hydroxyxyclohexyl phenyl keton, 2,2-
dimetoxy-2-phenylaxetophenon, 1-(4-isopropylphenyl)-2-hydroxy-2-
metylpropan-1-one, bis(2,6-dimetoxybenzoyl)-2,4,4-trimetylpentyl phosphin oxit,
2-metyl-1-[4-(metylthio)phenyl]-2-morpholino-propan-1-one  ( Omnirad 907,
dugc  sén  xudt béi  IGM  Resins, B.V), = 2,4,6-trimetylbenzoyl
diphenylphosphineoxit (Omnirad TPO, dugc séan xuét boi IGM Resins, B.V.) va
bis(2,4,6-trimetylbenzoy!)phenylphosphinoxit (Omnirad 819, dugc san xudt boi
IGM Resins, B.V.). Hai hodc nhiéu chat khoi mao quang polyme hoa c6 thé duge
tron trude khi sir dung, nhung t6t hon la c6 chtra it nhat la 2,4,6-trimetylbenzoy!

diphenylphosphinoxit.

Hop chit axit thom khong bi gidi han mot cach cu thé mién la no 1a hop
chét ¢4 vong thom va nhém axit. Céc vi du vé hop cht axit thom bao gém axit
cacboxylic thom, axit phosphinic thom va axit phosphonic thom. Theo quan diém
vé viéc diéu chinh tinh axit ctia 16p nhya so cép, hai hodc nhiéu hop chat ma mdi
hop chit cé tinh axit riéng biét c6 thé duoc tron trude khi st dung lam céc hop chét

axit thom.

Céc vi du vé axit cacboxylic thom bao gom axit benzoic, axit phthalic, axit

metylbenzoic, axit dimetylbenzoic, axit trimetylbenzoic, axit

9
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hydroxymetylbenzoic, axit propylbenzoic, axit butylbenzoic, axit hexylbenzoic,

axit naphtalenecacboxylic va axit anthracacboxylic.

Céac vi du vé axit phosphinic thom bao gbm axit diphenylphosphinic va
axit phenylphosphinic. Cac vi du vé axit phosphonic thom bao gdm  axit

phenylphosphonic va axit 4-metoxyphenylphosphonic.

Theo quan diém néng cao kha niang tuong thich v&i cac hop phan nhua nhu
oligome va monome ching han dé san xuét soi quang hoc c6 do bén thiy tinh cao
hon, t6t hon 14 axit cacboxylic thom va axit phosphinic thom dugc sir dung két
hop nhu la cac hop chét axit thom, t&t hon nita 12 axit diphenyl phosphinic va axit

trimetylbenzoic dugc st dung két hop.

Ham luong hop chét axit thom 13 16n hon hodc bang 20 ppm va nho hon
hodc bing 12000 ppm, tét hon la 1én hon hogic béng 25 ppm va nhé hon hogc bing
11000 ppm, va t6t hon nita 1a 16n hon hodc bing 30 ppm va nho hon hodc bang
10000 ppm dua trén tong luong hop phén nhya, vi sy giam vé do bén thuy tinh soi
quang hoc duge ngan chén boi ham lugng néu trén khi sgi quang hoc dugc ngam

trong nudce trong mot thoi gian dai.

Hop phan nhua néu trén cé thé con chira chat lién két silan, chat quang sinh

axit, chat lam déu mau, chat chong bot, chat chong 6xi hoa, v.v.

Bang cach sir dung chét lién két silan, su két dinh giira soi thiy tinh 13 va
16p nhua so cép 14 ¢6 thé duoc didu chinh, va dic tinh d bén moi ddng cé thé
duoc cai thidn. Chét lién két silan khong bi gidi han mdt cach cu the mién 1a nd
khoéng ngén can viéc luu hoa hop ph?m nhua. Cac vi du vé chét lién két silan bao
gom tetrametyl silicat, tetraetyl silicat, mercaptopropyl trimetoxysilan,
vinyltrichlorosilan, vinyltrietoxysilan, vinyltris(B-metoxy-etoxy)silan, [-(3,4-
epoxyxyclohexyl)-etyltrimetoxysilan, dimetoxydimetylsilan, dietoxydimetylsilan,
3-acryloxypropyltrimetoxysilan,  3-glyxidoxypropyl  trimetoxysilan,  3-
glyxidoxypropylmetyldietoxysilan, 3-metacryloxypropyl trimetoxysilan, N-(B-

aminoetyl)-y-aminopropy!l trimetoxysilan, N-(p-aminoetyl)-y-

10
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aminopropyltrimetyl dimetoxysilan, N-phenyl-3-aminopropyl trimetoxysilan, 3-
chloropropyltrimetoxysilan, 3-mercaptopropyltrimetoxysilan, 3-
aminopropyltrimetoxysilan, bis-[3-(trietoxysilyl)propyl] tetrasunphua, bis-[3-
(trietoxysilyl)propyl]disunphua,  y-trimethxysilylpropy! dimetylthiocarbamyl

tetrasunphua va y-trimetoxysilylpropyl benzothiazyl tetrasunphua.

Theo quan diém vé viéc nang cao d bam dinh cua 16p nhua so cap doi voi
soi thiy tinh dé gia ting sy duy tri cua do bén thuy tinh ¢ cac diéu kién nhiét d6 va
d6 am cao, hop phan nhya dé tao ra 16p nhya so cap tot hon 1a chira hai hoédc nhiéu

chat lién két silan co6 cac phan ing khac nhau.

Mudi oni ¢6 chu triic A"B ¢6 thé duge str dung lam chét quang sinh axit.
Céc vi du vé chét quang sinh axit bao gdm mubi sulfoni nhu UVACURE1590
(duoc san xuat béi DAICEL-CYTEC Co., Ltd.) va CPI-100P, 110P, 210S (dugc
san xuét boi San-Apro Ltd.) chang han, mudi iodoni nhu Omnicat 250 (dugc san
xuét boi IGM Resins, B.V.), WPI-113 (duoc san xuét béi FUIIFILM Wako Pure
Chemical Corporation) va Rp-2074 (dugc san xuét bdi Rhodia Japan, Ltd.) ching

han.

L6p nhya th cép 15 6 thé duge tao ra, vi dy, bang cach luu héa hop phén
nhya c6 thé luu héa UV chira uretan (met)acrylat oligome, monome va chat khoi
mao quang polyme hoa. Uretan (met)acrylat oligome, monome va chat khoi mao
quang polyme héa dugc lua chon thich hop tir céc chét nay duoc lay lam vi du cho
hop phén nhura dé tao ra 16p nhua so cép. Lop nhya thir cép 15 c6 thé chira cac hat
oxit vé co nhu silic oxit va nhéom. Tuy nhién, hop ph?m nhua dé tao ra lop nhua

thir cap ¢6 hop phan khac v6i hgp phén nhya deé tao ra [6p nhya so cap.

Mbdun Young cta 16p nhua th cap t6t hon la 16n hon hodc bang 500 MPa,
t6t hon nita 1a 16n hon hodc bang 800 MPa & nhiét do 23°C. M6dun Young cua 16p
nhya thir cép 6 thé nho hon hoic bang 3000 MPa, nhé hon hodc bang 2500 MPa,
nhé hon hodc biang 1400 MPa ho#c nhé hon hodc bang 1200 MPa & nhiét d6 23°C.

Khi modun Young cua 16p nhya thir cép 16n hon hodc bang 500 MPa, dac tinh chiu
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ap luc bén cé xu hudng duoc cai thién, va khi nho hon hodc bang 3000 MPa, 16p
nhya thir cép c6 d6 gidn dai thich hop khi nghi, va do d6 n6 kho bi hu hai trong
qué trinh loai bo 16p phu va c6 kha nang loai bo 16p phu t6t. Khi 16p nhua thu cap
ndy mong, dd bén thiy tinh c6 xu hudng bi giam khi ngam dudi nudc. Khi médun

I4
~

Young ctia 16p nhya thi cap cao hon, mét do lién két ngang cua 16p nhya thir cap

I
A

tang va dic tinh bao vé dugc ning cao, do do modun Young cua [6p nhya tht cap

¢6 thé 16n hon hodc bang 1500 MPa.

D41 véi cac dic tinh cta soi quang hoc duge ap dung cho sang ché, vi du,
duong kinh truong kiéu ¢ budce song 1310 nm ¢6 thé 16n hon hodc bang 8,2 um va
nhé hon hodc bang 9,6 pim, budc séng diém cét cap c6 thé nhd hon hogc béng 1260
nm, sy gia ting t6n that ¢ budce song 1625 nm khi soi quang hoc duge quén 100
lan quanh truc 18i ¢6 ban kinh 30 mm (trén 100 lan quay) co thé nhé hon hodc bang
0,1 dB, va su gia tang hao tdn & bude séng 1625 nm khi soi quang hoc duoc quin
10 1an quanh truc 18i ¢6 ban kinh 15 mm (trén 10 lan quay) co thé nho hon hoic
bang 1,0 dB. D&i véi dac tinh cua soi quang hoe, sy chénh 1éch gitta t6n thét truyén
& bude sdéng 1550 nm khi soi quang hoc dugc quéan & do bén kéo 80g quanh 15
cudn trén d6 vat liéu ludi kim loai 6 duong kinh cta déy doc 50 pm, duong kinh
cua ddy ngang 50 pwm va budc ludi 150 um duge quén va t6n that truyén & bude
song 1550 nm khi céc sgi quang hoc & trang thai bo soi ¢o thé& nhé hon hodc bang
1,0 dB/km. Céc dic tinh cua sgi quang hoc cua sang ché khéng bi gi6i han ¢ cac

vi du néu trén.
Vi du thuc hién sang ché

Sau ddy, cac két qua cla cac thu nghiém dénh gid st dung cac vi du va cac
vi du so sanh theo sang ché dugc thé hién dé mo ta sing ché chi tiét hon. Sang ché

khong bi gidi han ¢ cac vi du nay.
[Hop phan nhua d6i v6i 16p nhya so cép]
(Oligome)

Céac oligome uretan acrylat al, a2, a3 va a4 thu dugc bang cach cho phan
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tng polypropylen glycol c¢6 phan tir luong 4000, isophoron diisoxyanat,
hydroxyetyl acrylat va metanol duoc didu ché. Trong cac oligome uretan acrylat
al, a2, a3 va a4, ty 1 clia oligome ¢ cac nhom acryoyl ¢ ca hai dau (oligome phan
Ung cé hai dau) so véi oligome c6 nhém acryoyl & mot dau (oligome phan (g mot
dau) duoc diéu chinh bing cach thay doi ty 18 cong thirc cia hydroxyetyl acrylat

va metanol.
(Monome)

P6i vdi cac monome, nonylphenyl acrylat dugc cai bién etylen oxit, N-

r
A

vinylcaprolactam va 1,6-hexandiol diacrylat dugc diéu ché.
(Chéat khoi mao quang polyme hoa)

DP&i véi chit khoi mao quang polyme hod, 2,4,6-trimetylbenzoyl

diphenylphophin oxit duogc diéu ché.
(Hop chét axit)

P&i voi cac hop chat axit thom, axit diphenyl phosphinic va axit
trimetylbenzoic duge diéu ché. Déi v6i hop chat axit aliphatic, axit lactic dugc
diéu ché.

(Chét lién két silan)
P&i véi chét lién két silan, 3-mercaptopropyltrimetoxysilan (MPTS) va

tetraetyl silicat (TEOS) duoc diéu ché.
(Hop phén nhua)

Oligome, monome, chat khoi mao quang polyme hoa, hop chét axit va chat
lién két silan néu trén duge tron dé san xut hgp phan nhua dung cho 16p nhua so
cép 1an lugt duoc thé hién trong céac bang tir 1 dén 4. Trong vi du so sénh 3, axit
lactic duoc chtra nhu 14 hop chét axit béo. Céc gid tri dbi v6i N-vinylcaprolactam,
MPTS, TEOS, axit diphenyl phosphinic, axit trimetylbenzoic va axit lactic dugc
thé hién trong cac bang la ham luong dua trén téng luong hop phan nhua. Tong

lwong hop phan nhya c6 thé duoc coi 1a giong véi tong lugng cua san pham luu

13
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héa cta hop phan nhya.
[Hop phan nhya doi véi [6p nhya thir cap]

Uretan acrylat oligome dugc tao ra la san pham phan mg cua polypropylen
glycol ¢6 phan tir lugng 1000, isophoron diisoxyanat va 2-hydroxyetyl acrylat. 60
phén khdi luong ciia uretan acrylat oligome, 19 phan khdi luong cia isobornyl
acrylat, 20 phan khéi luong cta trimetylolpropan triacrylat va 1 phan khéi lugng
cua 2,4,6-trimetylbenzoy! diphenylphosphineoxit dugc tron dé san xuét hop phan
nhua bl d6i véi 16p nhya thi cép. Céc hat silic oxit dugc b sung vao hop phan

nhua bl dé tao ra hop ph§n nhua b3 déi véi 16p nhya thir cép.

Béng cach thay doi ty 1¢ tron clia uretan acrylat oligome néu trén, isoborny!
acrylat, trimetylolpropan triacrylat, epoxy acrylat c6 xuong séng A bisphenol va
2,4,6-trimetylbenzoyl diphenylphosphineoxit, cac hop phan nhua b2, b4 va bs déi

vGi 16p nhya thtr cap duge dieu che.
[San xuat sgi quang hoc]

Béng cé4ch st dung hop phan nhya dung cho 16p nhya so cép, 1ép nhua so
cap c6 do day nam trong khoang tlr 15 dén 35um duogc tao ra & bién ngoai clia soi
thiy tinh c6 duong kinh cta 125pum va duge chu thanh boi 16i va vo, va 16p nhya
thir ¢dp ciing dugc tao ra & bién ngoai cua lép nhya so cép st dung hop phan nhua
dbi vai 16p nhya thu cép dé san xudt soi quang hoc ddi véi vi du va vi du so sanh.

Van toc tuyén tinh 1a 1500 m/phtt.
(Médun Young ctia 1&p nhya so cép)

Mbdun Young ctia 16p nhua so cap duge do boi thir nghiém mddun kéo
(Pullout Modulus) & nhiét d¢ 23°C. Cu the, phén cit duoc tao ra trong 16p nhua
phti clia soi quang hoc bang dao cao, v.v dé ct 16p nhua pha, sau do 16p nhya phi
(16p nhya so C'f\p va 16p nhya thi cép) duoc ¢b dinh va soi thiy tinh duoc kéo ra.
Ung sudt cua 16p nhua so cép thu duge tr lugng bién dbi dan hoi cta lép nhua so

cép trude khi kéo soi thuy tinh va luc kéo soi thuy tinh.

14
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(Médun Young cuta 1&p nhya thir cp)

Soi quang hoc dugc ngdm trong dung moi (etanol:axeton = 3:7), 16p nhua
phti & dang dng dugce kéo ra tir soi thiy tinh, va mau thu duoc (16n hon hodc bing
50 mm) duoc st dung dé do médun Young cua 16p nhua thi cap. Mau thu dugce
bang cach kéo 1ép nhua phi ¢ dang dng duoc dé yén trong 1 ngay hodc 1au hon &
céc didu kién 23£2°C va 50+10 %RH, sau d6 duge kéo bang cach st dung mdy
thir nghiém kéo & cac didu kién toc do kéo 1 mm/phut va chiéu dai do 25 mm dé
thu duge dudng cong tmg suét bién dang. Mddun Young thu duge tir 2,5% cét

tuyén cua duong cong thu duoc.
(D6 beén thuy tinh cua soi quang hoc)

B6 soi cua soi quang hoc duoc ngdm trong nudc nong ¢ nhiét do 85°C
trong 60 ngay, va do bén thiy tinh trude khi va sau khi ngdm duoc danh gia. Chét
luong cua do bén thuy tinh duge xac dinh nho do do bén 50%. Do bén 50% la dé
bén ma tai d6 mét nira luong cac soi quang hoc duge trai qua thir nghiém bi gay
trong thir nghiém kéo clia céc sgi quang hoc. Trong vi du nay, thir nghiém kéo dugc
tién hanh & tée @6 kéo 25 mm/phut déi voi mdi soi quang hoc duoc tién hanh thur
nghiém. Khi trj s6 d6 bén 50% ctia d6 bén thiy tinh sau khi ngdm ma nho hon 80%
so VOl tri sO do bén 50% cua dd bén thuy tinh trude khi ngdm, do bén thuy tinh
duoc xac dinh 1a "kém (C)", trong truong hop tu 80 dén 90%, duoc xac dinh 1a "t6t

(B)" va trong trudng hop 16n hon 90%, dugc xac dinh 1a "tuyét voi (A)".
(Po ton that do udn)

Su thay ddi vé ton that truyén (gia ting t6n that) khi soi quang hoc dugc
quén khoang 10 vong quanh truc 18i ¢6 ban kinh 15 mm dugc thu nhén (R 15 mm
x 10 vong). Khi sy tang ton thit truyén ¢ bude séng 1625 nm 1a 1,0 dB hodc nho
hon, duoc xéc dinh 12 tri sb chép nhan duoc.

(Péc tinh chiu ap luc bén)

Dic tinh chiu 4p luc bén ctia sgi quang hoc duge danh gia boi thir nghiém
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ap luc bén ludi. Fig.2A la hinh v& thé hién két cdu cla vat lidu ludi kim loai 30
duoc str dung cho thir nghiém &p lyc bén ludi, va Fig.2B 1a hinh v& phong to mot
ph?m cua B trén Fig.2A. Nhu dugc thé hién trén Fig.2A va Fig.2B, vat liéu ludi
kim loai 30 ¢6 dang ludi ma cac day kim loai [an luot dugc trai trén do theo chiéu
doc va chiéu ngang. Ca dudng kinh cua day doc ¢1 va duong kinh cta ddy ngang
02 12 50 um. Ca budc Iudi P gifra cac duong tam cta cac day doc va gilta cac
dudng tdm cua cac ddy ngang la 150 pum. Chiéu dai ctia phan nhé L1 ctia ddy doc

la 100 pum, va chidu dai cta phan nhd L2 cia day ngang 1a 100 pm.

Thir nghiém 4p luc bén ludi dugce thuc hién béng cach quén soi quang hoc
10 & dd bén kéo, vi du, 80g quanh 18i cudn ma trén do6 vat liéu ludi kim loai 30
duoc thé hién trén Fig.2A va Fig.2B dugc quan trén phan hinh tru ma khéng c6
khoang trong, sau do thu duge do chénh 1éch gitra tri s6 ton thét truyén & budc
séng 1550 nm khi soi quang hoc dugc quén quanh 18i cudn va tri s ton that truyén
& bude séng 1550 nm khi cdc s¢i quang hoc ¢ trang thai bi thdo cudn (sgi quang
hoc 10 & trang thai dugc théo khoi 181 cudn). Cac két qua duge thé hién trong bang

4.
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[Bang 1]
Vidy 1 2 3 4 5 6 7 8
Oligome al | al | a2 | a3 | a3 a3 a3 a3
N-vinylcaprolactam
(% khdi Irong) 7 7 7 7 7 7 7 10
‘0 I
MPTS (% khoi 1 5 1 g5 | 05 05|05 ]| 05 | 05 |05
luong)
TEOS (% khoi R o
lrong)
Axit diphenyl 5 120 | 120 | 120 | 500 0 1000 | 120
phosphinic (ppm) 0 0 0 0 0 0
Axit trimetylbenzoic 15 120 | 120 | 120 | 500 | 1000 0 120
(ppm) 0 0 0 0 0 0
Hop phan nhva doi vildp | 1 |y | b1 | b1 | b1 | b1 | bl | bl
nhyra thu cap
Mbdun L&p nhua so cép 05105]03]01]01] 0,1 0,1 | 0,1
Young
. o 100 | 100 | 100 | 100 | 100 100
(MPa)| L6p nhua thir cap 0 0 0 0 0 1000 | 1000 0
Do bén thily tinh B|B|B|B|A| A A | A
[Bang 2]
Vidu 9 10 11 12 13
Oligome a4 a4 a4 al al
- 1 ‘ ¢ O
N vmy.lczprolactam (% 7 - 7 7 -
khoi luong)
MPTS (% khéi luong) 0,5 1 0,5 0,5 0,5
Ld&p nhua -
50 cap TEOS (% khbi lrgng) - - 0.5 ; _
Axit dlphgnyl phosphinic 5000 | 5000 | 5000 15 5
(ppm)
Axit trimetylbenzoic 5000 | 5000 | 5000 15 5
(ppm)
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Hop ph?in nhua d’éi voi [6p nhya thir bi bi b1 b2 b3
cap
Mobdun L6p nhya so Cép 0,05 0,05 0,05 0,5 0,5
Young -
(MPa) L&ép nhya thu cap 1000 | 1000 | 1000 | 1500 | 1500
D bén thuy tinh B B A A A
[Bang 3]
Vi du so sanh ] 2 3
Oligome al a3 al
N-vinylcaprolactam (% khéi luong) | 7 7 7
MPTS (% khdi Iwong) 0,5 0,5 ] 0,5
Lop nhya so cdp TEOS (% khdi lugng) - - -
Axit diphenyl phosphinic (ppm) 5 5 -
Axit trimetylbenzoic (ppm) S 5 -
Axit lactic (ppm) - - 30
Hop phan nhua déi vai 16p nhya thi chp bl bl bl
Mddun Young L&p nhya so clp 0,51 0,1 ] 05
(MPa) L&p nhua th cap 1000 | 1000 | 1000
D6 bén thiy tinh C C C
[Bang 4]
Vidu 12 14 15 16 17
Duong kinh ngoai cua soi (pm) 245 200 200 | 200 180
Oligome al al al al al
Lop nﬁnya SO N-vinylc?'pr(‘)lactmn (%o 7 7 7 7 7
cap khot lugng)
MPTS (% khéi luong) | 0,5 0,5 | 05 | 05 | 05

18
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TEOS (% khéi lugng)

Axit diphenyl

phosphinic (ppm) 15 15 15 15 15
Axit trimetylbenzoic 15 15 15 15 15
(ppm)

Hop phén nhwa d6i véi 16p nhya thir cip | b2 b2 b4 b5 b5

Mbdun Young L&p nhya so cép 0,5 0,5 0.5 0,5 0,5
(MPa) L&p nhwa thir cp 1500 | 1500 | 1700 | 2000 | 2000
Puong kinh truong kiéu (um) (1310nm) 8.7 8.72 8,47 R.7 8,72
Budce song diém cit cap (nm) 1218 | 1236 | 1169 | 1218 | 1236
Tén that do udn (dB/10 turns) 0,003 | 0,002 | 0,007 | 0,003 | 0,002

Dic tinh chiu 4p luce bén (dB/km) 0,01 0,3 0.2 0.08 0,5

19/24

Don sang ché nay hudng quyén vu tién tir don sdng ché Nhat Ban s6 2018-

094592 ndp ngay 16 thang 5 nam 2018, ndi dung cua nd duoc két hop o day chi

nham muc dich tham chiéu.

Danh muc céc s6 chi dan

10: S¢i quang hoc, 11: Loi, 12: Vo, 13: Soi thuy tinh, 14: Lop nhya so

cap, 15: Lép nhya tha cap, 16: Lép nhya pht, 30: Vat liéu ludi kim loai.
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YEU CAUBAO HQ

1. Soi quang hoc bao gdm soi thiy tinh bao gdm 151 va vé, 16p nhya so cp tiép
xtc voi soi thuy tinh va bao boc soi thuy tinh, va 16p nhya thir cép bao boc 16p
nhira so cép,

trong d6 16p nhua so cép bao gdm san phdm luu héa cia hop phan nhua
chtra uretan (met)acrylat oligome, monome, chét khoi mao quang polyme hoa va
hop chét axit thom,

ham luwong hop chét axit thom 13 16n hon hodc bang 20 ppm va nho hon
hodc bang 12000 ppm dua trén tong lugng hop phan nhua,

hop phéan nhua chira hop chét axit thom bao gdm hai hodc nhiéu hop chét
axit thom,

hop chét axit thom bao gbm axit diphenyl phosphinic va axit
trimetylbenzoic, va

modun Young cua 1op nhua so cép it hon hodc bang 0,6 MPa & nhiét do
23°C+2°C.
2. Soi quang hoc theo diém 1, trong d6 hop phan nhua chira monome phén cuc
lam monome va ham lugng monome phén cuc 16n hon hodc bang 3% khdi luong
nho hon hodc bang 15% khdi lugng dua trén tdng luong hop phan nhuya.
3. Soi quang hoc theo diém 1 hozc 2, trong d6 hop phan nhwa con chira hai hoic
nhiéu chét lién két silan.
4. Soi quang hoc theo diém bit ky trong s6 céc diém tir 1 dén 3, trong d6 modun
Young ctia 16p nhua thtr cap 16n hon hodc bang 1500 MPa & nhiét d6 23°C.
5. Soi quang hoc theo diém bat ky trong s6 cac diém tir 1 dén 4, trong do 16p nhya
thi cAp chira oxit vo co.
6. Soi quang hoc theo diém bit ky trong s céc diém tir 1 dén 5,

trong do duong kinh truong kiéu cua soi quang hoc & budc séng 1310 nm
la 16n hon hoac béng 8,2 um va nho hon hodc béng 9,6 um, va budc song diém cét
cép 14 nho hon hogc bing 1260 nm,

trong do su gia tang ton that & bude séng 1625 nm khi soi quang hoc dugc
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quén quanh truc 161 c6 ban kinh 15 mm la nhé hon hodc bang 1,0 dB trén 10 lan

quay, va

trong do sy chénh Iéch gifra ton that truyén & bude séng 1550 nm khi soi
quang hoc duoc quén & do bén kéo 80g quanh 13i cuén ma trén dé vat lieu ludi
kim loai cé dudng kinh clia day doc 50 pm, duong kinh ctia ddy ngang 50 pm va
budc lugi 150 um duge quén va tdn thit truyén & bude song la 1550 nm khi soi

quang hoc & trang thai bo s¢i la nhé hon hoéc bang 1,0 dB/km.
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Fig.2A
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Fig.2B
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