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Publicised images of ”cellulose nanofibrils” show great diversity

전세계적으로발표된
다양한형태와크기의
나노/마이크로피브릴의예
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FiberLean™ microfibrillated cellulose (MFC), - the papermakers toolbox

 

FiberLean™ ┘כ╢
MFC₫ ʷ(filler)◐שּ Ἁᴘ
Ἁᴘ′ (entangled)שּ

Ḣừּק ᶑ SEM image



FiberLean™ MFC ̎♩

ü기존펄프(pulp)와충진재(filler)를동시에처리하여사용된
펄프를 MFC화시키는기술

–이단계에서충진재(혹은미네럴)은분쇄매체로작용

ü생산규모에알맞으며강력하고안정적인설비제공

ü현장제조(on-site)를기본으로하며, 펄프설비일부분에매우
적은공간을차지

ü펄프전처리불필요

üFiberLean™이란, MFC와충진재(filler)가혼합된제품



◐ʷⱲ◐שּ ừ ›Ἁ ᵎ MFC ᾋ ѡ Co-grinding 

͖ὢ

1 ɛm

Å여타 MFC/NFC에비교시큰 (coarser) 피브릴 (fibril)

ÅWet-end 약품투입시피브릴(fibril) 길이가중요

Å다양한종류의펄프사용가능

Å다양한종류의충진재사용가능

V GCC
V PCC
V Kaolin
V Talc
V TiO2



Commercial scale experience with FiberLean™ MFC
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Basis weight, g/m2

Packaging

Coated Woodfree

Specialty + mechanical

Uncoated Woodfree

ü 현재까지 21개초지기에서양산규모트라이얼약 50회진행됨 (full scale trials) 

Å유럽, 북미, 남미및아시아지역에서진행

ü 수시간에서수일까지다양한조건에서트라이얼진행

ü 각종분야에서의광범위한트라이얼진행

Å 6 mills in UWF

Å 6 mills in speciality and mechanical paper

Å 8 mills in CWF

Å 2 mills in Packaging

ü 현재까지 3개페이퍼회사와 on-site FiberLean plant 계약체결
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⸗╧˃Ҳ♄ ╧
͖Ⱳ╢ ᵎ(filler)◐שּ
10% Ҕở↑ʷѨ



MFCʷ╩◌ᴌ›ḅ ѡ₂
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MFCʷ╩◌╛ᴌ-Ṇ ̄Ἅ (stress-strain curve)›ḅ ѡ₂
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MFCʷ╩◌╛ᴌ-Ṇ ̄Ἅ (stress-strain curve)›ḅ ѡ₂
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Å 발현된기공도는잉크나코팅액이용이하게종이표면에
집적하게하여 (hold-out) 효율적인인쇄적성향상에
용이하다. 

Å 상대적으로높은섬유밀도(상대적으로낮은 bulkiness)는
일정평활도를유지하기위해처리하는카렌더링시
에너지소비를저감시켜종이강도를증가시키는
부과적인효과를유발합니다.  또한, coarser한 CTMP같은
펄프를사용하여 bulkiness을조절할수있습니다

Å 초기여수도감소는카우치(couch) 및프레스 (press)의
고형분 (solid)을효과적으로증가시키는방법중의
하나입니다



FiberLeanTM performance summary
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FiberLean ʷᾋ ◐שּ (filler) ּרצ›Ӹᵍּקᴌ┘ּ₆╢ק
- Full commercial scale trial in woodfree paper
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FiberLean╢ד♅↑ởᴔ╩Ḣừּק(P/W)╢ ╢№╧רצּ◐שּ
ửᴘ↔♫ ˉḘ♫ῶ╢₆

ü발현된기공도의감소에따른
ÅҲ̎ᶑ╢♄ ᴌ (hold-out) ˉἍ

ü맟춤형 (지력및불투명도의) 종이제품생산에따른
ÅẈἒ┘ (De-materialization)



Ҳ̎ר╢ʾἲᵎ ᶙ ̘ ҲѽἘ – ♅↑ởᴔ╢₆



FiberLean™ MFC╢ Ὕּק♅↑ởᴔ
- chemical  ( 250 CSF and 20% filler) 

Tensile 

Energy 

Absorption

Tear Index Scott Bond
Bendtsen 

Porosity
Opacity

J/kg mN m2 /g J/m2 ml/min %

Reference 792 5,7 209 258 87,8

1% MFC 924 5,7 288 180 88,2

2% MFC 859 5,8 291 114 88,3

4% MFC 1224 6,5 377 104 88,8

다양한종류의충진재 (filler)로약 50%의 MFC가함유된 FiberLean 제품생산가능



♇Ɑ‗◐שּ ἲ ᴘᶙ╓ר ˃Ҳ₫ṩ ᶕҲ̬
-Ẉἒ┘ (de-materialization)╢₆

ᶙ ˃Ҳ₫
ṩ ᶕҲ
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충진재미사용시

- 요구되는강도구현을위한최소평량

No filler - minimum sheet 

weight for required opacity

충진재미사용시

- 요구되는불투명도구현을위한최소평량
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FiberLean™╓ᴘ ₫(filler)◐שּ Ɑ♇╢₆(sheet weight)ר
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FiberLean™╓ᴘ ₫(filler)◐שּ Ɑ♇╢₆(sheet weight)ר
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Total Filler Loading

84% Opacity no mfc 84% Opacity 2% mfc 84% Opacity 3% mfc 84% Opacity 4% mfc

1,5 kN/m tensile strength no mfc 1,5 kN/m tensile strength 2% mfc 1,5 kN/m tensile strength 3% mfc 1,5 kN/m tensile strength 4% mfc

Paper with no MFC

63 g/m2

8% filler

84% opacity

1,5 kN/m tensile
Paper with 2% MFC

53 g/m2

17% filler

84% opacity

1,5 kN/m tensile

Paper with 4% MFC

48 g/m2

21% filler

84% opacity

1,5 kN/m tensile

58 g/m2

Fiber

44 g/m2

Fiber 38 g/m2

Fiber



Summary and conclusions

üMFC 기술은현재제지현장에서사용되고있다

ü백상지(P/W)의충진재(filler)의증량을통한생산단가를
저감하는것은현재 MFC의핵심 application 중의하나이다

ü패키징및특수지에대한연구개발이진행중이다

üMFC와충진재(filler)을사용하여소비자요구에맞는불투명도
및지력을유지하며, 비섬유화된 (de-materialized)된제품생산을
통해단가를저감할수있는맞춤형종이생산이가능하다



Source: Peter Callesen, www.petercallesen.com

Thank you!


