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HIGH STRENGTH, HIGH YIELD PULPS
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PROJECT 3694
HIGH BRIGHTNESS, HIGH YIELD PULPS
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hydroquinone

Tappi, 1965, 48, 121
Tappi, 1969, 52, 491
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] 120° C, 120 psig

With 1% Peroxide

Effect of Temperature and Pressure

Bl so° C, 80 psig
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TWO STAGE BLEACHING

Oxygen and Peroxide

Peroxide Residual, %

GE Brightness

- B2 Peroxide Residual
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PROJECT 3716

ESTIMATING YIELD FOR THE PREDICTION OF
END-USE PROPERTIES IN SEMI-CHEMICAL PULPING
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PROJECT 3524
FUNDAMENTALS OF BRIGHTNESS STABILITY
-61-
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INTRODUCTION

Bleached and/or Unbleached Mechanical Pulp

A hv

\ 4

Yellowed Mechanical Pulp

Yellowing 1) Thermally
2) Photochemically

Principal focus of this project is photo-yellowing
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PHOTO-YELLOWING PARAMETERS

Important Experimental Parameters

1) A= 300 -400 nm

2) O, is required

Yellowing Components

1) ortho quinones
2) para quinones

3) quinone derivatives
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FUNDAMENTAL PARAMETERS OF BRIGHTNESS REVERSION

High Yield L

Pulp

> Yellowed Mechanical Pulp

Reaction Parameters

- photo-yellowing process is initiated by the absorption of light by
lignin

- cellulose and hemi-cellulose are not involved in the'photo-initiate
process but may contribute to secondary reactions

- extractives, moisture content, pH, and common inorganic salts
have little impact on the rate of yellowing

Process Parameters

- variations in
1)  mechanical pulping techniques

2) bleaching procedures
3) chemical additives
have not yielded a commericial viable means of controlling

brightness reversion

-65~




PROJECT 3524 OBJECTIVES

Investigate the fundamental chemical reactions which are initiated
when high yield pulps are photolyzed and to apply this knowledge
to stop or significantly retard the yellowing process.

Research Directions

(i) the photo-formation of chromophoric structures
employing model compounds and TMP

(ii) the photo-reactivity of chromophoric structures
employing model compounds and TMP

(iii) the design of novel photostabilization techniques |

for mechanical pulp.
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STUDIES DIRECTED AT INVESTIGATING THE PHOTO-REACTIVITY OF

QUINONES UNDER THE BRIGHTNESS REVERSION CONDITIONS

Compounds of Interest

Para Quinones

0 0
OCH, HsCO™ o 0CH,
0 0
MMB G DMBQ

- frequently proposed as contributing to the yellowing of
mechanical pulp, some UV/IR data supports the presence
of these structures
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Ortho Quinones

CH,

0 H,CO 0

- detected in mechanical pulp by employing chemical
derivatization and *'P NMR

Photochemical behavior of these types of compounds in the
solid state is currently poorly defined
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PREPARATION OF QUINONES

OCH;,
K3F€CN6/HEOE R
H,CO 0CH;
,CO OCH;
OH
Fe(NO3>457Clay j
hI(ORc) OCH;
OCH, ?

OH

CHy
PRICOACY,
0
OH

OH
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PHOTO-CHEMICAL STUDIES OF PARA-QUINONES

Experimental Procedures

Para-Quinones/CH,CI, Extracted TMP or Cotton Linters

combine

I

evaporate solvent

photolyze (hv =300 - 410 nm)

/\

handsheets fluff

Tappi Brightness Measurements Extract with Organic Solvents

l

Analyze Extracts by
GC, GC/MS, Tle

-para quinones were selected as initial targets in this study due to ease
in preparation and handling
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PHOTOLYSIS OF DMBQ IN THE SOLID-STATE

DMBQ/Cotton Linter Fluff

Period of Irradiation (h) % DMBQ Recovered®
0 93
1 81
2 73
4 69
8 76
a - GC yields, no other compounds weré detected in the
extracts

- prolonged irradiation for > 24 h did result in the formation
of a variety of minor dimeric components (< 10% by
GC/MS)
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DMBQ/Cotton Linter Handsheet

Period of Irradiation (h)

Sample

Cotion Linter

Cotton Linter\DMBQ

Cotton Linter

Cotton Linter\DMBQ

Cotton Linter

Cotton Linter\DMBQ

Cotton Linter

Cotton Linter\DMBQ

Tappi Brightness

Trial 1
89

38

88

40

88

44

89

56

Trial 2

42

43

42

42

-brightness measurements demonstrate that the handsheets are not

undergoing photo-bleaching

-DMBQ/cotton linter experiments suggest that DMBQ is stable to the
brightness reversion conditions |
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DMBQ/TMP_Fluff

Period of Irradiation (h) % DMBQ Recovered® (GC Yields)
1 83
2 100+°
4 76
8 100+°

a - no other major components were detected in the extracts

b - samples gave greater than 100% yields since the reaction
mixture is not homogeneous
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MBQ/Lignin Model mpoun tton Linter Fluff

0 HaC CHs
. H,C h

0 OH OH cotton linter fluff

Conclusion: DMBQ appears to be photo-stabile under the brightness
reversion conditions and does not lead to the formation

of singlet oxygen or other oxidative processes.
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PHOTOLYSIS OF MMBQ IN THE SOLID-STATE

MMBQ/Cotton Linter Fluff

Period of Irradiation (h) % MMBQ Recovered” % MMHQ"
0 82
1/2 65 6
1 58 5
2 65 5
4 70 8

a - GC yields, no other compounds were detected in the extracts
- MMHQ = monomethoxyhydroquinone

- GC analysis indicates that the mayor product from photolysis is
the reduced MMBQ
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MMBQ/Cotton Linter Fluff

hv

OH

+

0CH, Cotton Linters OCH;

hv

Dimethoxymethane

OH  mmHQ

0
OH
Sa ¥
Vaat OCH,4

(Forsskahl?
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MMBQ/Cotton Linter Handsheets

Period Irradiation (h) TAPPI Brightness .
0 44
1 35
2 32
4 33

-the cause of the brightness decrease has not been identified, but
an attractive possibility is the formation of a charge complex
between MMBQ and MMHQ

-the photo-reduction of MMBQ could provide a mechanism by
which cellulose could be involved in the brightness reversion
phenomena

-these results highlight the potential differences that can occur
between solution and solid state photochemistry reactions
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MMBQ/Lignin Model Com nd/Cotton Linters

0 HaC CH, |
H4CO
0 MMBG + MMHQ

+ hv
> +

0CH, H;CO T >
cott ; .
0 LHC OH OH . ° 9” linters Oxidized LMC

-experimental analysis suggests that lignin type structures are
photoreactive to MMBQ
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MMB

MP Fluff
Period Irradiation (h) % MMBQ Recovered®
0 100
1 18
2 28
4 24
a - GC yields

~fate of MMBQ on TMP currently remains uncertain but these
results clearly suggest that MMBQ is not a final photochemical
product in the brightness reversion phenomena
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CONCLUSIONS

DMBQ appears to be relatively photo-stable under brightness reversion
conditions.

MMBAQ is photo-reactive under the brightness conditions and contributes
to the "yellowing" of high yield pulp. Current studies clearly demonstrate
differences in solution and solid phase photochemistry. Experimental
‘results suggest that photolysis of MMBQ leads to the oxidation of lignin
and cellulose.
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FUTURE GOALS
1/ Continue photochemical studies of MMBQ and ortho quinones
adsorbed on TMP and cotton linters.

2/ Complete synthesis of lignin model compounds and start
photolysis studies.

3/ Examine the use of Birch reduced aromatic systems as
inhibitors for the brightness reversion process

OCH, 0CH-
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