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FOREST PRODUCTS MANUFACTURING =
CARBON-NEUTRAL ENERGY & GHG AVOIDANCE
b L

HARVESTED AREAS -—
REPLANTED

CO; FROM FOSSIL FUEL
COMBUSTION

s W, iy

SUSTAINABLE FORESTRY
(e)

& BE '
- FROM TREES, WE GET:
DECAYING TREES & FOREST GROWING TREES & FOREST PRODUCTS PAPER-BASED & WOOD PRODUCTS
FIRES RELEASE CARBON STORE CO, AS CARBON * STORE CARBON WHILE IN USE AND WHEN RECYCLED

+ EXAMPLES: PAPER, PACKAGING & WOOD BUILDING MATERIALS

FOREST PRODUCTS INDUSTRY ROLE IN A SUSTAINABLE CARBON CYCLE A oatsnins ca

« WOOD RESIDUALS FROM MANUFACTURING = FUEL
« RESIDUALS RELEASE GHGs ANYWAY IF NOT USED FOR FUEL,
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~ (E.G. LANDFILL METHANE, 24X MORE POTENT THAN C0.)
© 2014 AMERICAN FOREST & PAPER ASSOCIATION + EXAMPLES: BARK, SAWDUST, LIQUID BIOMASS



MupoBoe noTpebneHmne sHeprmm
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'MyT™ ncnonb3oBaHUA UCKOMaeMoro
yrnepopaga

2015
Non-energy use 1973
|I'l.‘]LE1l]r A Nor-energy use
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Other 75%
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Residential
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Navigation
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Rail 0.8%
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1. Includes agnculture, commercial and public services, non-specified ofher,
pipeline and non-specified transport.
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OCHOBHbIe@ KOMMNOHEHTbI pacTUTeEN bHOM
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PacTtutenbHaa 6MomMacca =
BO30OOHOBNAEMbIN yrnepoga,
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Conversion H Functiona- 1031/%
Platform lization
chemicals biofuels,
plastics,
solvents,
reagents

Oo—
Plant biomass A

e MpounsBoAacTBO pacTuUTeNbHOM 6MoMacchl 1 x 10" TOHH yrnepopaa B rop,
e MnaTdopMeHHblIe XMMUKATbl AN XMMNYECKON NPOMBbILUIEHHOCTU 21 BeKa
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OCHOBHbI€ NPOAYKTbl KOHBEPCUU

6uomMacchl
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XnMmunueckue nnatdpopmbl U3 6MOCbIPbS
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alcohols

~SOH OH OH

Ethanol HO___L___ W %
HOWO Glycerol

HPA Xylitol Sorbitol
acids
3-Hydroxypropionic acid Succinic acid Levulinic acid
furanics bio hydrocarbons

Furfural FDCA Isoprene




Cnawmm rmraHT YCTonimBom XmMmnm
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Solvents
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MoHOMepbl AN NoJIMMepoB
M CBA3YIOLWMNX
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2,5-Furandicarboxylic acid

npoMbliLuIeHHoOe
npou3ssoacrteo HMF
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TepMonjiacTbl U peaKTonNNacTbl

JINHEeMUHble
nonavMepbl

Mepepab6oTKa - NnaBneHue

MonmatuneH
MNonnMeTunnMeTakpumnar
Nonmctmpon
MonmBUMHUAXNOPUA,
Nonnamumgbl
MNonuatnneHTepedTanart

Extrusion of polymers

Pellets Hopper  Thermocouple

Screw Heaters Barrel Nozzle
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Polymer

CwumTtble
nonuMepbl

Processing - curing

SMNOoKCMOHbIE CMOSbI
deHondopManbaermaHble
CMObI

NonnypeTaHbl

Pe3nHa

SMC/BMC

Vacuum Infusion
Processing

Resin

Vacuum

Vacuum Bag
- //

Vacuum
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NMpo6nembl peakTonnactoB U NMKM s Hux

Fiber rupture
and pullout

@ Delamination

Impact/indentation
surface cracking

@ Fiber debonding

Transverse and
shear cracking

@ Puncture

Deep cut
in coating

Corrosion in
protected
metal

@ Crazing
@ Scratch

@ Microcracking
® Ablation @ Opening crack
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CaMoBOCCTaHOBJIEHMUE:

KaK B npupopae?

Synthetic route

Damage |

Actuation:
triggering

Transport |

Chemical
repair

A

Response

Log time 1 year
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Injury

Biological route

- @ Wound
|

Inflammatory
response:
blood clotting

Cell proliferation:
matrix deposition

Matrix
remodeling

v -

Log time 1 year

Response
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MukpokancyiampoBaHue

a b

1 Development

‘'®
. e
PolyDCPD = ""'

nim Grubbs’
catalyst

5 Healing
evaluation

Capsule-based
self-healing
material design

1 Capsule-catalyst 2 Multicapsule

e Mechanical
4 Triggering 3 characterization

3 Latent functionality 4 Phase separation
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MukpokancynmpoBaHue
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MukKpokaHanbHbIU noaxon

a b

1 Development

Mechanical
T character-
. ization

4 Healing
evaluation & W

Vascular
self-healing
material

3 Triggering

! : edunano.ru

18



MukKpokaHanbHbIU noaxon

Loading axis

Hematoma

60000000

Larger blood vessels

(a) (c)

Blood

vessels

Microchannels

Mi h | a
crochannels Front View

(a) m

Vascaular substrate Figure 2. a) Microvascular DCDC sample geometry and vascular design (not drawn to scale). b) Evolution of healing agents (resin and hard-
(b) (d) RRscular material eﬂerz) released into the crack plane of a fractured DCDC sample. Resin and hardener were dyed with Nile red and perylene, respectively. Scalebars
are 2 mm.

Internal crack

Cleaved DCDC sample

Figure 4. Scanning electron micrograph of the fracture surface of a self-healing sample showing coverage of healed polymer film in the crack plane
after 10 cycles of damage and healing.
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becnpuMecHoe
CaMOBOCCTAHOBJI€eHUe

a b

1 Development

Mechanical
b character-
. ization

4 Healing \
evaluation & N

Vascular
self-healing
material

3 Triggering
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2 03 04 05
Displacement (mm)

TR

Mending efficiency of polymer 3. (A) Mending efficiency obtained by fracture

5 toughness testing of compact tension test specimens. Values for the original and
healed fracture toughness were determined by the propagation of the starter crack
along the middle plane of the specimen at the critical load. (B) Image of a broken

2 i e specimen before thermal treatment. (C) Image of the specimen after thermal

treatment. (D) SEM image of the surface of a healed sample: the left side is the as-

healed surface and the right side is the scraped surface. (E) Enlarged image of the

boxed area in (D).
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Koppo3ua n 6annmcrmka

Recovery of barrier properties Indentation

a Ballistic puncture of ionomeric polymer

Barrier layer Self-healing layer

JFo26mm S8
® 032 10mm

€ Delamination and matrix
cracking in glass FRC

b self-healing bladder material

Recovery of corrosion protection

Intensity
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A Distance B
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McnbiTaHuUa o6pa3LoB

Quasi-static fracture Top vi
i Healed virgin
tear line

Second
tear line

Original tear line

il

b DCDC Mode

Fatigue
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CpaBHeHMe noaxonos

becnpuMecHoe
CaMOBOCCTaHOBJIeHUue

CaMoBOCCTaHaB/IMBatoLmMecs
NnonmMMepbl Ha OCHOBE
06pPATUMbIX KOBANEHTHbIX
cBA3en

CaMoBOCCTaHaB/IMBatoLmecs
NonMMepbl Ha OCHOBE
CynpaMosiekyapHbIX
B3aMMoOencTBUU

CaMoOBOCCTaHaB/IMBaOLWMMNCA
BeToH

CaMoBOCCTaHaBMBaKLLMecs
MeTans bl

! : edunano.ru

SELF — HEALING CHEMISTRIES

EXTRINSIC INTRINSIC

Damaged
network

Material
Own Ability

Healing
Agent

NpuMmecHoe
caMoOBOCCTaHOB/IeHue

NHKancynmnpoBaHHble
ne4yebHble areHTbl

AHTUKOPPO3NIMHbIE

Co/THUEe3alWnMTHbIE
MOKPbITNA
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NMpuMmecHoe unm 6ecnpmumMmecHoe?

a Capsule based b Vascular

C Intrinsic

NpeunmMyLlecTBa NpeunmMyLwiecTBa

- 3aneymBaHuMe BoNblLUMX TRELLUH - MHOrokpaTHoe BOCCTaHOBMNEHME

- OTcyTCTBME TpUTTEPa - [lonHoTa BocCcTaHOBEHUS
|—|O,EI,XOJJ,I/IT Onga TpaanumMOHHDbIX

HepocTatTKmn MeTo[oB NpoussoacTsa MKM

Xopolimre NpoYHOCTHblIE CBOMCTBA
OOuH UMK 3ane4ymBaHmg

HenonHoTa BOCCTaI—JOBJ‘IeHI/ISII HepocTaTKu

MeXaHWN4YeCKMX CBOMUCTB

CAVLWKOM CMOXXHO O/14 - 3aneymBaHme ManbIX TPeLWmMH
NPOW3BOACTBA +  HyxxeH Tpurrep npotecca
CnoyxkHoe MmogenmnpoBaHue BOCCTaHOBJ1EHUA

c edunano.ru 75



NepBble 3NOKCUAHbIE€ CMOJbl: UCTOPUSA

NepBble MaTEHTbI:
P. Schlack, U.S. Patent 2,131,120 (1938)
P. Castan, Swiss Patent 211,116 (1940); U.S. Patent 2, 324, 483 (1943)

oTaenka Empire State Building

c edunano.ru 26



JdnoKcnamnaHoBble CMOJIbl: UCTOPUSA

AnokcuamnaHosblie cMmonbl (bisphenol A epoxy resin) \\ /
[MpoayKTbl KOHOEeHcaUMM gnaHa (bucpeHona A)
C ANUXIOPINAPUHOM

DnoKcuaHaga rpynna

HO OH

OuaH vnun buceeHon A ?y\oo/\(\_oo/\él)

AnekcaHgp OnaHumH (1851 - 1918)
OTKpbIN brcheHon A (amnaH) B 1889 .
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JnoKcuaHblie oiIMromMepbl

NMpeuMyLlecTBa HepocTaTkm
1. BO3MOY»HOCTb MnosiydatTb CMOJ1bl 1. Bbicokada XPYMNKOCTb
B XXMOKOM N TBeEPOOM

2. BblCOKUNM KOPPULIMEHT

COCTOAHUM y
NMMHEMHOro pacwmpeHmna (65*10
2. CnocobHOCTb OTBEPXKOATbCA B ¢1/rpan)
LLUMPOKOM OMarnasoHe
3. B npouecce oTBepOeHUS
TeMnepaTtyp
MOYXET MUMEeTb MeCTO
3. BblCOKMe aare3samoHHble 2K30TepMmMYyecKaa peakumg,
CBOWCTBAa conpoBOXaatoLlaga CUTbHbIM

pa3orpeBoM (Hanpumep, Npu
MCMNONb30BaHUM OTBepaAMUTENd —
anumnaHomamMmoa)

4. Xopouine MexaHndeckume m
ON3MEKTPUNYECKME CBOMCTBA
OTBEPXKAEHHbIX CMOJT

4. Hwm3Kaa TeEMSTOCTOMKOCTb (KakK

5. 3HayuTenbHaa xmMmyeckas
npaBuno, He 6bonee 200°C)

CTOMKOCTb K OenNCTBUIO BOAbI,
KNCNOT U LWenovyeun

6. TexXHONMOr’M4HoOCTb

c edunano.ru



CaMoBOCCTaHaB/IMBaKWLAACH 3NoKcuaHasa
cmona

118°C_,_ FUEp+MHHPA+3G
DSC/mW/mg MERE B s
0204 texo ~ FUEp+MHHPA
0.15
neat, 70°C
5 min 0.10 BMI+FuEp
70°C
FuEp (o) 0.051 DAEp (rDA)
95°C
N/\</ :
R “ DAEp ( : : . . . . : . . .
neat, 70 °C 20 40 60 80 100 120 140 160 180 200
neal P % : g
s
min 0

CmMmecb 1 (cuHuin) FUEp 1 MHHPA.
CmMecb 2 (kpacHbin) FUEp, BMI, MHHPA n 3G.

(o]
OHoﬁ/§ o
o ;:L o
OH o o/\/ ~\ /\/0
(o] /\/0\/\0/\/0 (o]

9 N

120 °C, 20 min

( ) j:f( 70C4s72h © o Oﬁ

O

DSC/mW/mg

40 60 80 100 120 140 160

CmMecb 1 (cnHaga) nocne TepmMmoobpaboTkm npm 70 ° C B TeueHme 72 4acoB.

CMecb 2 (KpacHagq) nocne tTepMoobpaboTkm Npm 70 ° C B TeueHme 48 4yacos. -



Kak BbirnaaunT pe3ynbTtaT?

0b6blYyHaa aNoKcKMaHaa cMosa nouapanaHHasa obblvHaga nouapanaHHaga obbluHaga
(cneBa) M caMOBOCCTaHOBNEHME 3MNoKCcMaHaa cMona (cne.a) anoKkcuaHaa cMona (cne.a)
3MOKCMOHOM CMO/fbl (CMpaBa) Yepe3 U nouapanaHHasa M CAMOBOCCTaHOBIIEHME
8uacoB npmn 70° C CaMOBOCCTaHaB/MBaloLladacs 3MNOKCUAHOM CMOSbl (CneBa)
3MNoKCcMaHaa cMona (cneea) yepes 20 MUHYT nocne

06paboTkm Npun 120 ° C, uem
yepe3 72 4acanpmn70°C

c edunano.ru 30
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Cnacmbo
32 BHUMaHue

117036, 1. MOCKB3Q,
np. 60-netna OkTadpsq, 10A,
Ten..+7 495 988 535 88

Email: iInfo@edunano.ru

www.edunano.ru
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